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(57) ABSTRACT

A color filter foruse in a light-emitting display element which
emits at least white light, the color filter including a circularly
polarizing layer which includes a polarizing layer, the polar-
izing layer having an orientation layer and a liquid crystal
compound layer, wherein the circularly polarizing layer is
formed only in an optical path of the white light.
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COLOR FILTER AND LIGHT-EMITTING
DISPLAY ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to a color filter and a
light-emitting display element, specifically to a color filter for
use in a light-emitting display element which emits white
light and a light-emitting display element containing the color
filter.

BACKGROUND ART

[0002] Light-emitting display elements such as organic EL
elements display full-color images employing, for example, a
so-called RGB method. In this RGB method, white light for
white color display is synthesized after color lights emitted
from light-emitting layers corresponding to R pixels, G pixels
and B pixels are divided once through color filters. Thus,
some of light emitted from the light-emitting layers is damp-
ened by the color filters, which requires more electricity for
maintaining the brightness of white light. In order to solve
this problem, PTL 1 discloses a method in which full-color
images are displayed using four pixels of R, G, B and W
(white). In this method, unlike the above RGB method, white
light is obtained with no use of a color filter; i.e., white light
is directly emitted from light-emitting layers that emit white
light. Therefore, white light can be emitted without being
dampened by the color filter.

[0003] However, in the light-emitting display element
emitting white light, external light enters the element through
the optical path of white light, is reflected inside the element,
and then is emitted again to the outside through the optical
path of white light. As a result, display performances are
adversely affected to cause problematic phenomena such as
glare of outside views, and a decrease in contrast.

[0004] In order to solve this problem. PTL 2 discloses an
organic EL element including a film substrate having an
organic EL film laminated on one surface of the film substrate
and a linearly polarizing plate provided on the other surface of
the film substrate, wherein the film substrate serves also as a
Ya wavelength plate. This patent literature describes that, with
this structure, the number of layers through which light passes
to be emitted outside of the element becomes smaller than in
conventional structures. Thus, light scattering at the inter-
faces between the layers is reduced to shield reflected light
more reliably.

[0005] However, in the structure disclosed in the above
patent literature, the linearly polarizing plate and the Y4 wave-
length plate are provided not only in the optical path of white
light but also in the optical paths of red, blue and green lights.
Inthis structure, since the linearly polarizing plate is provided
in the optical paths of red, blue and green lights, light trans-
mittance is decreased to about 50% due to the presence of the
linearly polarizing plate, problematically decreasing light use
efficiency of the light-emitting element.

CITATION LIST
Patent Literature

[0006] PTL1: Japanese Patent Application Laid-Open (JP-
A) No. 2003-178875

[0007] PTL2:JP-A No. 2001-076865
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SUMMARY OF INVENTION
Technical Problem

[0008] The present invention aims to provide a color filter
which prevents a decrease in light use efficiency and a
decrease in contrast caused as a result of reflection of external
light, and a light-emitting display element containing the
color filter.

Solution to Problem

[0009] Means for solving the above problems are as fol-
lows.
[0010] <I> A color filter for use in a light-emitting display

element which emits at least white light, the color filter
including;

[0011] acircularly polarizing layer which includes a polar-
izing layer, the polarizing layer having an orientation layer
and a liquid crystal compound layer,

[0012] wherein the circularly polarizing layer is formed
only in an optical path of the white light.

<2> The color filter according to <1> above, wherein the
circularly polarizing layer comprises the polarizing layer and
a Y wavelength layer.

<3> A color filter for use in a light-emitting display element
which emits at least white light, the color filter including:
[0013] aselective reflection layer, and

[0014] acircularly polarizing layer which includes a polar-
izing layer, and

[0015] the polarizing layer having an orientation layer and
a liquid crystal compound layer,

[0016] wherein the circularly polarizing layer and the
selective reflection layer are formed only in an optical path of
the white light.

[0017] <4> The color filter according to <3> above,
wherein the selective reflection layer contains a cholesteric
liquid crystal compound.

[0018] <5>The color filter according to any one of <1> to
<4>above, wherein the color filter includes a support, and the
support is a transparent suppott.

[0019] <6> The color filter according to <5> above,
wherein the support is the % wavelength layer.

[0020] <7> A light-emitting display element including:
[0021] the color filter according to any one of <1>to <6>
above, and

[0022] a light-emitting layer which emits at least white
light.

[0023] <8> The light-emitting display element according

to <7>above, wherein the light-emitting display element has
an optical resonator structure.

[0024] <9> The light-emitting display element according
to one of <7>and <8>above, wherein the light-emitting layer
comprises at least one phosphorescent light-emitting mate-
rial,

Advantageous Effects of Invention

[0025] The present invention can provide a color filter
which prevents a decrease in light use efficiency and a
decrease in contrast caused as a result of reflection of external
light, and a light-emitting display element containing the
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color filter. These can solve the problems pertinent in the art
and achieve the above objects.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1is a cross-sectional view of an example of a
color filter according to a first embodiment of the present
invention.

[0027] FIG. 2 is a cross-sectional view of another example
of a color filter according to a first embodiment of the present
invention.

[0028] FIG. 3 is a cross-sectional view of still another
example of a color filter according to a first embodiment of
the present invention.

[0029] FIG. 4 is a cross-sectional view of yet another
example of a color filter according to a first embodiment of
the present invention.

[0030] FIG. §is a cross-sectional view of another embodi-
ment of a color filter.

[0031] FIG. 6 is a cross-sectional view of another embodi-
ment of a color filter.

[0032] FIG. 7is a cross-sectional view of another embodi-
ment of a color filter.

[0033] FIG. 81s a cross-sectional view of another embodi-
ment of a color filter.

[0034] FIG. 9is a cross-sectional view of another embodi-
ment of a color filter.

[0035] FIG.10is across-sectional view of another embodi-
ment of a color filter.

[0036] FIG.11isacross-sectional view of one embodiment
of a color filter.
[0037] FIG.12is across-sectional view of another embodi-

ment of a color filter.

[0038] FIG.13 is across-sectional view of another embodi-
ment of a color filter.

[0039] FIG. 14 is across-sectional view of another embodi-
ment of a color filter.

[0040] FIG.15 s across-sectional view of another embodi-
ment of a color filter.

[0041] FIG. 16 is a cross-sectional view of an example of a
color filter according to a second embodiment of the present
invention.

[0042] FIG.17isacross-sectional view of another example
of a color filter according to a second embodiment of the
present invention.

[0043] FIG. 18 is a cross-sectional view of still another
exampleofa color filter according to a second embodiment of
the present invention.

[0044] FIG. 19 is a cross-sectional view of yet another
exampleofa color filter according to a second embodiment of
the present invention.

[0045] FIG. 20 is a cross-sectional view of one example of
a light-emitting display element of the present invention.
[0046] FIG.21isacross-sectional view of another example
of a light-emitting display element of the present invention.
[0047] FIG. 22 is a cross-sectional view of still another
example of a light-emitting display element of the present
invention.

DESCRIPTION OF EMBODIMENTS

(Color Filter)

[0048] In a first embodiment, a color filter of the present
invention includes a circularly polarizing layer formed only
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in the optical path of white light emitted from a light-emitting
display element; and, if necessary, further includes other
members.

[0049] Inasecond embodiment, a color filter of the present
invention includes a circularly polarizing layer and a selective
reflection layer which are formed only in the optical path of
white light emitted from a light-emitting display element;
and, if necessary, further includes other members.

[0050] The shape of the color filter in accordance with a
first or second embodiment may be appropriately determined
depending on the structure of a light-emitting display ele-
ment. For example, the color filter may be a film or layer.
[0051] The structure of the color filter in accordance with a
first or second embodiment is not particularly limited, so long
as a circularly polarizing layer or both a circularly polarizing
layer and a selective reflection layer are formed, as described
above, only in the optical path of white light emitted from a
light-emitting display element, and may be appropriately
determined depending on the intended purpose.

[0052] Here, exemplary structures of the color filter will be
described with reference to the drawings.

[0053] Each of FIG. 1 to 4 is a cross-sectional view of one
example of the color filter in accordance with a first embodi-
ment of the present invention. A color filter 1 includes a
circularly polarizing layer 16 composed, for example, of a Y4
wavelength layer 14 and a polarizing layer 12. The color filter
1 also includes a filter layer 18 which transmits light having a
desired wavelength among lights emitted from the light-emit-
ting display element. In the color filter in accordance with a
first embodiment of the present invention, the filter layer 18
may contain the polarizing layer 12 disposed in a white filter
portion 18w. The structure of the circularly polarizing layer
16 is not particularly limited, so long as the circularly polar-
izing layer is formed in the optical path through which white
light travels, and may be appropriately selected depending on
the intended purpose. For example, as illustrated in FIG. 1,
the ¥4 wavelength layer 14, a support 22 and the polarizing
layer 12 may be formed in this order in a light-emitting
direction (a direction in which light is emitted). Alternatively,
as illustrated in FIG. 2, the support 22, the %4 wavelength layer
14 and the polarizing layer 12 may be formed in this order in
a light-emitted direction. The 4 wavelength layer 14 may
serve also as a support. In this case, the support 22 may not be
formed as illustrated in FIG. 3. Furthet, as illustrated in FIG.
4, the filter layer 18 may contain the polarizing layer 12 and
the V4 wavelength layer 14 in the white filter portion 18w. In
this structure, the surface of the filter layer 18 becomes flat.
Notably,inFIG. 1to 4 and FIG. 5to 15 referred to below, each
arrow indicates a direction in which light is emitted from the
light-emitting display element.

[0054] Also, in other examples of the color filter as illus-
trated in FIG. 5 to 10, the circularly polarizing layer 16 may
have any structure so long as it is formed in the optical path
through which white light travels in the color filter. For
example, as illustrated in FIGS. 5 and 7, the Y4 wavelength
layer 14 may be formed on the entire surface of the filter layer
18, and the polarizing layer 12 may be formed on a part of the
filter layer 18, the part being present above the light-emitted
surface of a white filter portion 18w through which white light
passes. Also, as in the circularly polarizing layer 16 illustrated
in FIG. 6, the ¥4 wavelength layer 14 may be formed on the
support 22 (described below), and the polarizing layer 12 may
be formed on a part of the ¥4 wavelength layer 14, the part
being present above the light-emitted surface of the white
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filter portion 18w (through which white light passes) in the
filter layer 18. Furthermore, as in the circularly polarizing
layer 16 illustrated in F1G. 10, the ¥4 wavelength layer 14 may
be formed at the light-emitting display element side of the
color filter, and the polarizing layer 12 may be formed at the
side opposite to the light-emitting display element side (i.e.,
the upper surface of the filter layer 18 in FIG. 10).

[0055] In addition, as in the circularly polarizing laver 16
illustrated in FIGS. 8 and 9, the ¥ wavelength layer 14 may
be formed only on the light-emitted surface of the white filter
portion 18w (through which white light passes) in the filter
layer 18, and the polarizing layer 12 may be formed on the Y4
wavelength layer 14. Further, as illustrated in FIG. 9, the
circularly polarizing layer 16 may be formed on a support 22
on the light-emitted surface of the white filter portion 18w
(through which white light passes) in the filter layer 18. Also,
as in the circularly polarizing layer 16 illustrated in FIGS. 10
and 11 to 15, the polarizing layer 12 and the Y4 wavelength
layer 14 may be placed so as to sandwich the filter layer 18.
[0056] Each of FIG. 16 to 19 is a cross-sectional view of
one example of the color filter in accordance with a second
embodiment of the present invention. A color filter 1 includes
aselective reflection layer 11 and a circularly polarizing layer
16 composed, for example, of a V4 wavelength layer 14 and a
polarizing layer 12. The color filter 1 also includes a filter
layer 18 which transmits light having a desired wavelength
among lights emitted from the light-emitting display element.
In the color filter in accordance with a second embodiment of
the present invention, the filter layer 18 may contain the %
wavelength layer 14 disposed in the white filter portion 18w.
The structure of the circularly polarizing layer 16 or the
selective reflection layer 11 is not particularly limited, so long
as the circularly polarizing layer or the selective reflection
layer is formed in the optical path through which white light
travels, and may be appropriately selected depending on the
intended purpose. For example, as illustrated in FIG. 16, the
selective reflection layer 11, the %4 wavelength layer 14, the
support 22 and the polarizing layer 12 may be formed in this
orderin a light-emitting direction. Alternatively, as illustrated
in FIG. 17, the selective reflection layer 11, the support 22, the
Ya wavelength layer 14 and the polarizing layer 12 may be
formed in this order in a light-emitted direction. The /4 wave-
length layer 14 may serve also as a support. In this case, the
support 22 may not be formed as illustrated in FIG. 18. As
illustrated in FIG. 19, in the white filter portion 18w of the
filter layer 18, the selective reflection layer 11, the ¥4 wave-
length layer 14 and the polarizing layer 12 may be formed in
this order in a light-emitting direction. Notably, in FIG. 16 to
19, each arrow indicates a direction in which light is emitted
from the light-emitting display element.

<Circularly Polarizing Layer>

[0057] The circularly polarizing layer is not particularly
limited and may be appropriately selected depending on the
intended purpose, so long as it transmits light having entered
the color filter from outside (hereinafter the light may be
referred to as “external light””) and, after the transmitted light
is reflected on a reflective plate and enters again the color
filter, prevents the thus-reflected light from being emitted
outside of the color filter.

[0058] The shape of the circularly polarizing layer is not
particularly limited and may be appropriately determined
depending on the intended purpose. In terms of optical char-
acteristics, the circularly polarizing layer may have such a
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shape that makes flat the surface of the color filter of the
present invention. For example, the circularly polarizing
layer may have a ¥4 wavelength layer and a polarizing layer
which transmits a linearly polarized light only. With this
structure, among external lights entering the color filter, some
linearly polarized light vibrating in a predetermined direction
(i.e., in such a vibration direction that be allowed to transmit
the polarizing layer) transmits the polarizing layer. After that,
the linearly polarized light passes through the /4 wavelength
layer to become a circularly polarized light after the slow axis
of the linearly polarized light shifts by ¥ of the wavelength
(i.e., by 90°) with respect to the fast axis thereof. The circu-
larly polarized light is reflected on a reflective member in the
light-emitting display element (e.g., an electrode disposed on
the light-emitting layer in the element) and then, becomes a
circularly polarized light whose rotating direction has been
reversed and which travels in the opposite direction to the
direction in which the linearly polarized light enters the Y4
wavelength layer. The circularly polarized light whose rotat-
ing direction has been reversed enters again the ¥4 wavelength
layer to become a linearly polarized light whose polarization
direction is different by 90° from the initial linearly polarized
light. The linearly polarized light whose polarization direc-
tion has shifted by 90° cannot transmit the above polarizing
layer. As a result, the external light having entered the color
filter is not emitted from the color filter, preventing reflection
of the external light.

Polarizing Layer

[0059] The polarizing layer is not particularly limited, so
long as it may be a layer which changes light vibrating in any
direction (e.g., natural light) to a linearly polarized light, and
may be appropriately selected depending on the intended
purpose.

[0060] The polarizing layer preferably has a monolayer
transmittance of 30% or higher, more preferably 35% or
higher, particularly preferably 40% or higher. When the
monolayer transmittance of the polarizing layer is less than
30%, the use efficiency of light emitted from the light-emit-
ting display element is considerably decreased. Also, the
order parameter of the polarizing layer is preferably 0.7 or
higher, more preferably 0.8 or higher, particularly preferably
0.9 or higher. When the order parameter of the polarizing
layer is lowerthan 0.7, the use efficiency of light emitted from
the light-emitting display element is considerably decreased.
The optical density of the absorption axis of the polarizing
layer is preferably 1 or higher, more preferably 1.5 or higher,
particularly preferably 2 or higher. When the optical density
of the absorption axis of the polarizing layer is lower than 1,
the shielding effect to reflected light is considerably reduced.
The wavelength band of the polarizing layer preferably cov-
ers the range of 400 nm to 800 nm from the viewpoint of
preventing visible light from being reflected. The thickness of
the polarizing layer is not particularly limited and may be
appropriately selected depending on the intended purpose.
The thickness thereof is preferably 0.01 um to 2 um, more
preferably 0.05 um to 2 pm, from the viewpoints of obtaining
desired optical characteristics, not causing parallax, and
allowing easy production.

[0061] The polarizing layer is not particularly limited and
may be appropriately selected depending on the intended
purpose. Examples of the polarizing layer include iodine-
based polarizing plates, dye-based polarizing plates contain-
ing a dichroic material, and polyene-based polarizing plates.
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Among these polarizing plates, iodine-based polarizing
plates and dye-based polarizing plates can be generally pro-
duced by stretching a polyvinyl alcohol film and adsorbing
iodine or the dichroic material on the film. In this case, the
transmission axis of the polarizing layer is perpendicular to
the stretching direction of the film.

[0062] In addition to such stretched polarizing plates, the
following polarizing plates are suitably used in the present
invention, since they have a relatively high polarization
degree; i.e., linearly or circularly polarizing plates containing
polymerizable cholesteric liquid crystals described in JP-A
No. 2000-352611, guest-host type linearly polarizing plates
containing a dichroic dye and uniaxially-oriented liquid crys-
tals described in JP-A Nos. 11-101964, 2006-161051, 2007-
199237, 2002-527786, 2006-525382, 2007-536415 and
2008-547062 and Japanese Patent (JP-B) No. 3335173, wire-
grid polarizing plates using a grid of metal such as aluminum
described in JP-A No. 55-95981, inorganic visible light-re-
flecting polarizing plates described in JP-A No. 2002-
510062, polarizing plates made of a polymer compound or a
liquid crystal compound containing carbon nanotubes dis-
persed/oriented therein described in JP-A No. 2002-365427,
polarizing plates made of a polymer compound containing
metal microparticles dispersed/oriented therein described in
JP-A No. 2006-184624, polyvinylene-type linearly polariz-
ing plates described in JP-A Nos. 11-248937, 10-508123,
2005-522726, 2005-522727 and 2006-522365, polarizing
plates made of a lyotropic liquid crystal dye represented by
(SO;M), (chromogen) described in JP-A Nos. 07-261024,
08-286029, 2002-180052, 2002-90526, 2002-357720, 2005-
154746, 2006-47966, 2006-48078, 2006-98927, 2006-
193722, 2006-206878. 2006-215396, 2006-225671, 2006-
328157, 2007-126628, 2007-133184, 2007-145995, 2007-
186428, 2007-199333, 2007-291246, 2007-302807, 2008-
9417, 2002-515075, 2006-518871, 2006-508034, 2006-
531636, 2006-526013 and 2007-512236, and polarizing
plates made of a dichroic dye described in JP-A Nos.
08-278409 and 11-305036. In general, the cholesteric liquid
crystals have the function of separating circularly polarized
light. But, when used in combination with a %4 wavelength
layer, the cholesteric liquid crystals are used to form a linearly
polarizing plate. In this case, the ¥4 wavelength layer is pref-
erably made from a composition containing at least one liquid
crystal compound. Also, the ¥4 wavelength layer is preferably
a layer formed as follows: a composition containing at least
one liquid crystal having a polymerizable group is allowed to
have a liquid crystal phase, followed by curing through appli-
cation of heat and/or UV rays. In terms of heat resistance and
polarization degree, particularly preferred are guest-host type
linearly polarizing plates, wire-grid polarizing plates, polar-
izing plates containing carbon nanotubes dispersed/oriented
therein, polarizing plates made of a lyotropic liquid crystal
dye, and polarizing plates made of a dichroic dye. Particularly
preferred are guest-host type linearly polarizing plates, polar-
izing plates containing carbon nanotubes dispersed/oriented
therein, polarizing plates made of a lyotropic liquid crystal
dye, and polarizing plates made of a dichroic dye, since these
can be produced through coating.

[0063] Among others, the polarizing layer used in the
present invention preferably has the below-described orien-
tation layer and a liquid crystal compound layer containing a
liquid crystal compound, since the polarizing layer can be
produced through coating and thus can be patterned, as well
as can be made thin.

Orientation Layer

[0064] The orientation layer is not particularly limited, so
long as it can give orientation as desired to the liquid crystal
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compound layer containing the liquid crystal compound, and
may be appropriately selected depending on the intended

purpose.
[0065] The thickness of the orientation layer is preferably
0.01 pm to 2.0 pm.

[0066] The material for the orientation layer is not particu-
larly limited and may be appropriately selected depending on
the intended purpose. Examples thereof include low-molecu-
lar-weight compounds and high-molecular-weight com-
pounds (hereinafter may be referred to as “polymer”). The
polymer used for forming the orientation layer is described in
various documents, and there exist many commercially avail-
able products. Preferably, polyvinylalcohols, polyimides or
derivatives thereof are used for the orientation layer. Regard-
ing the orientation layer, reference can be made to p. 43, 1.24
to p. 49, 1.8 of International Publication No. WO01/88574
Al

[0067] Alternatively, the material for the orientation layer
may be those which can be oriented through light irradiation
described below. The photo-orientable materials used for the
orientation layer formed through light irradiation are
described in various documents. Preferred examples thereof
include azo compounds described in JP-A Nos. 2006-
285197, 2007-76839, 2007-138138, 2007-94071, 2007-
121721, 2007-140465, 2007-156439, 2007-133184 and
2009-109831 and JP-B Nos. 3883848 and 4151746, aromatic
ester compounds described in JP-A No. 2002-229039, male-
imide and/or alkenyl-substituted nadimide compounds hav-
ing photo-orientable units described in JP-A Nos. 2002-
265541 and 2002-317013, photo-crosslinkable silane
derivatives described in JP-B Nos. 4205195 and 4205198,
and photo-crosslinkable polyimides, polyamides and esters
described in JP-A Nos. 2003-520878 and 2004-529220 and
JP-B No. 4162850. Among them, azo compounds and photo-
crosslinkable polyimides, polyamides and esters are particu-
larly preferred.

Liquid Crystal Compound Layer

[0068] The liquid crystal compound layer is not particu-
larly limited, so long as it can change light vibrating in any
direction to a linearly polarized light when used in combina-
tion with the orientation layer, and may be appropriately
selected depending on the intended purpose. The liquid crys-
tal compound layer may be made of, for example, a com-
pound having liquid crystallinity (hereinafter referred to as a
liquid crystal compound). The materials for the liquid crystal
compound layer are not particularly limited, so long as the
liquid crystal compound layer contains the below-described
liquid crystal compound, and may be appropriately selected
depending on the intended purpose. Examples of the materi-
als other than the liquid crystal compound include various
resins, an agent for preventing a coated liquid from being
uneven by air blow (air blow-related uneven coating-prevent-
ing agent), a cissing inhibitor, an additive for controlling a tilt
angle at an orientation layer (a tilt angle of liquid crystal dyes
at the interface of a light-absorbable anisotropic film and an
orientation layer), an additive for controlling a tilt angle at an
air interface (a tilt angle of dyes at the interface of a polarizing
plate film and air), a sugar, a drug having at least one of an
antifungal function, an antibacterial function and a disinfec-
tant function, a non-liquid-crystalline binder polymer, and a
non-liquid-crystalline polyfunctional monomer. Notably, the
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liquid crystal compound layer is produced as described below
using a composition containing the liquid crystal compound
and these materials.

Liquid Crystal Compound

[0069] The liquid crystal compound is not particularly lim-
ited, so long as it has both flowability as liquid and regularity
as crystal, and may be appropriately selected depending on
the intended purpose. Examples thereof include azo dyes and
phthalocyanine dyes. In particular, from the viewpoint of
obtaining high dichroic property. preferred are azo dyes rep-
resented by the following General Formula (I) and having
nematic liquid crystallinity. More preferably, the liquid crys-
tal compound layer is formed of a composition containing at
least two azo dyes represented by General Formula ().

<General Formula (I)>

M

Rs
Ar—L—B—N=N+ N
R¢
R; R4

[0070] InGeneral Formula(]),R,;toR, eachindependently
represent a hydrogen atom or a substituent, R5 and R each
independently represent a hydrogen atom or an alkyl group
which may have a substituent, [, represents a —N—N—
group, a —CH—N— group or a —C(—0)O— group, A,
represents a phenyl group which may have a substituent, a
naphthyl group which may have a substituent, or an aromatic
heterocyclic group which may have a substituent, B, repre-
sents a divalent aromatic hydrocarbon group which may have
a substituent or a divalent aromatic heterocyclic group which
may have a substituent, and n is an integer of 1 to 4.

[0071] InGeneral Formula (I), the substituents represented
by R, to R, are each independently the following groups, for
example.

[0072] That is, alkyl groups (preferably having 1 to 20
carbon atoms, more preferably having 1 to 12 carbon atoms,
particularly preferably having 1 to 8 carbon atoms, such as
methyl, ethyl, isopropy, tert-butyl, n-octyl, n-decyl, n-hexa-
decyl, cyclopropyl, cyclopentyl and cyclohexyl); alkenyl
groups (preferably having 2 to 20 carbon atoms, more pref-
erably having 2 to 12 carbon atoms, particularly preferably
having 2 to 8 carbon atoms, such as vinyl, aryl, 2-butenyl and
3-pentenyl); alkynyl groups (preferably having 2 to 20 carbon
atoms, more preferably having 2 to 12 carbon atoms, particu-
larly preferably having 2 to 8 carbon atoms, such as propargyl
and 3-pentynyl); aryl groups (preferably having 6 to 30 car-
bon atoms, more preferably having 6 to 20 carbon atoms,
particularly preferably having 6 to 12 carbon atoms, such as
phenyl, 2.6-diethylphenyl, 3,5-ditrifluoromethylphenyl,
naphthyl and biphenyl); substituted or unsubstituted amino
groups (preferably having 0 to 20 carbon atoms, more pref-
erably having 0 to 10 carbon atoms, particularly preferably
having 0 to 6 carbon atoms, such as unsubstituted amino,
methylamino, dimethylamino, diethylamino and anilino);
alkoxy groups (preferably having 1 to 20 carbon atoms, more
preferably having 1 to 10 carbon atoms, particularly prefer-
ably having 1 to 6 carbon atoms, such as methoxy, ethoxy and
butoxy); oxycarbonyl groups (preferably having 2 to 20 car-
bon atoms, more preferably having 2 to 15 carbon atoms,
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particularly preferably having 2 to 10 carbon atoms, such as
methoxycarbony, ethoxycarbony and phenoxycarbonyl);
acyloxy groups (preferably having 2 to 20 carbon atoms,
more preferably having 2 to 10 carbon atoms, particularly
preferably having 2 to 6 carbon atoms, such as acetoxy and
benzoyloxy); acylamino groups (preferably having 2 to 20
carbon atoms, more preferably having 2 to 10 carbon atoms,
particularly preferably having 2 to 6 carbon atoms, such as
acetylamino and benzolylamino); alkoxycarbonylamino
groups (preferably having 2 to 20 carbon atoms, more pref-
erably having 2 to 10 carbon atoms, particularly preferably
having 2 to 6 carbon atoms, such as methoxycarbonylamino);
aryloxycarbonylamino groups (preferably having 7 to 20 car-
bon atoms, more preferably having 7 to 16 carbon atoms,
particularly preferably having 7 to 12 carbon atoms, such as
phenoxycarbonylamino); sulfonylamino groups (preferably
1 to 20 carbon atoms, more preferably having 1 to 10 carbon
atoms, particularly preferably having 1 to 6 carbon atoms,
such as methanesulfonylamino and benzenesulfonylamino);
sulfamoyl groups (preferably having O to 20 carbon atoms,
more preferably having 0 to 10 carbon atoms, particularly
preferably having 0 to 6 carbon atoms, such as sulfamoyl,
methylsulfamoyl, dimethylsulfamoyl and phenylsulfamoyl);
carbamoyl groups (preferably having 1 to 20 carbon atoms,
more preferably having 1 to 10 carbon atoms, particularly
preferably having 1 to 6 carbon atoms, such as unsubstituted
carbamoyl, methylcarbamoyl, diethylcarbamoyl and phenyl-
carbamoyl); alkylthio groups (preferably having 1 to 20 car-
bon atoms, more preferably having 1 to 10 carbon atoms,
particularly preferably having 1 to 6 carbon atoms, such as
methylthio and ethylthio); arylthio groups (preferably having
6 to 20 carbon atoms, more preferably having 6 to 16 carbon
atoms, particularly preferably having 6 to 12 carbon atoms,
such as phenylthio); sulfonyl groups (preferably having 1 to
20 carbon atoms, more preferably having 1 to 10 carbon
atoms, particularly preferably having 1 to 6 carbon atoms,
such as mesyl and tosyl); sulfinyl groups (preferably having 1
to 20 carbon atoms, more preferably having 1 to 10 carbon
atoms, particularly preferably having 1 to 6 carbon atoms,
such as methanesulfinyl and benzenesulfinyl); ureide groups
(preferably having 1 to 20 carbon atoms, more preferably
having 1 to 10 carbon atoms, particularly preferably having 1
to 6 carbon atoms, such as unsubstituted ureide, methylureide
and phenylureide); phosphoric acid amide groups (preferably
having 1 to 20 carbon atoms, more preferably having 1to 10
carbon atoms, particularly preferably having 1 to 6 carbon
atoms, such as diethylphosphoric acid amide and phe-
nylphosphoric acid amide); a hydroxyl group; a mercapto
group; halogen atoms (such as a fluorine atom, a chlorine
atom, a bromine atom and an iodine atom); a cyano group; a
nitro group; a hydroxamic group; a sulfino group; a hydrazine
group; an imino group; an azo group; heterocyclic groups
(preferably having 1 to 30 carbon atoms, more preferably
having 1 to 12 carbon atoms, such as heterocyclic groups
containing, for example, a nitrogen atom, an oxygen atom
and/or a sulfur atom (e.g., imidazolyl, pyridyl, quinolyl, furyl,
piperidyl, morpholino, benzoxazolyl, benzimidazoly and
benzothiazolyl); and sily groups (preferably having 3 to 40
carbon atoms, more preferably having 3 to 30 carbon atoms,
particularly preferably having 3 to 24 carbon atoms, such as
trimethylsilyl and triphenylsilyl).

[0073] Each substituent may further contain a substituent
(s) listed above. When two or more substituents are contained,
these may be identical or different. Also, in this case, the
substituents may be linked together to form a ring, if possible.

[0074] The group represented by R, to R, is preferably a
hydrogen atom, an alkyl group, an alkoxy group or a halogen
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atom, more preferably a hydrogen atom, an alkyl group or an
alkoxy group, particularly preferably a hydrogen atom or a
methyl group.

[0075] The alkyl group (which may have a substituent)
represented by Ry and R is preferably has 1 to 20 carbon
atoms, more preferably 1 to 12 carbon atoms, particularly
preferably 1 to 8 carbon atoms. Examples thereof include
methyl, ethyl and n-octyl. The substituent the alkyl group
represented by R, and R has is the same as those represented
by R, toR,. When R or R, represents an alkyl group, Rg may
be linked to R, to form a ring or R, may be linked to R , to form
aring. Each of R, and R, particularly preferably represents a
hydrogen atom or an alky! group, most preferably a hydrogen
atom, a methyl group or an ethyl group.

[0076] A, represents a phenyl group which may have a
substituent, a naphthyl group which may have a substituent,
or an aromatic heterocyclic group which may have a substitu-
ent. The substituent the phenyl group or the naphthyl group
may has is preferably a group which is introduced for increas-
ing dissolvability of the azo compound and nematic liquid
crystallinity, a group having an electron-donating property or
electron-attracting property which is introduced for adjusting
color tone of the dye, or a group having a polymerizable group
which is introduced for fixing orientation. Specifically, the
substituent is the same as those represented by R, to R,.
Preferred examples of the substituent include alkyl groups
which may have a substituent, alkenyl groups which may
have a substituent, alkynyl groups which may have a substitu-
ent, aryl groups which may have a substituent, alkoxy groups
which may have a substituent, oxycarbonyl groups which
may have a substituent, acyloxy groups which may have a
substituent, acylamino groups which may have a substituent,
amino groups which may have a substituent, alkoxycarbony-
lamino groups which may have a substituent, sulfonylamino
groups which may have a substituent, sulfamoyl groups
which may have a substituent, carbamoyl groups which may
have a substituent, alkylthio groups which may have a sub-
stituent, sulfonyl groups which may have a substituent, ureide
groups which may have a substituent, a nitro group, a
hydroxyl group, a cyano group, an imino group, an azo group
and halogen atoms. More preferred examples include alkyl
groups which may have a substituent, alkenyl groups which
may have a substituent, aryl groups which may have a sub-
stituent, alkoxy groups which may have a substituent, oxy-
carbonyl groups which may have a substituent, acyloxy
groups which may have a substituent, a nitro group, an imino
group and an azo group.

[0077] The phenyl group or the naphthyl group may have 1
to 5 substituents listed above, preferably has one substituent.
[0078] The aromatic heterocyclic group is preferably a
group derived from a heteromonocyclic group or a heterodi-
cyclic group. Examples of the atoms (other than carbon
atoms) forming the aromatic heterocyclic group include
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nitrogen, sulfur and oxygen. When the aromatic heterocyclic
group contains a plurality of ring-forming atoms other than
carbon atoms, these may be identical or different. Specific
examples of the aromatic heterocyclic group include pyridyl,
quinolyl, thiophenyl, thiazolyl, benzothiazolyl, thiadiazolyl,
quinolonyl, naphthalimidyl and thienothiazolyl. Among
them, pyridyl, quinolyl, thiazolyl, benzothiazolyl, thiadiaz-
olyl and thienothiazolyl are preferred, pyridyl, benzothiaz-
olyl, thiadiazolyl and thienothiazolyl are more preferred, and
pyridyl, benzothiazolyl and thienothiazolyl are particularly
preferred.

[0079] The group represented by A, is particularly prefer-
ably a phenyl group which may have a substituent, a pyridyl
group, a benzothiazolyl group or a thienothiazolyl group.
[0080] B, represents a divalent aromatic hydrocarbon
group which may have a substituent or a divalent aromatic
heterocyclic group which may have a substituent.

[0081] The aromatic hydrocarbon group is preferably a
phenyl group or a naphthyl group. The substituent the aro-
matic hydrocarbon group may have is, for example, an alkyl
group which may have a substituent, an alkoxy group which
may have a substituent, a hydroxyl group, a nitro group, a
halogen atom, an amino group which may have a substituent,
an acylamino group which may have a substituent or a cyano
group. The substituent the aromatic hydrocarbon group may
have is preferably an alkyl group which may have a substitu-
ent, an alkoxy group which may have a substituent, a
hydroxyl group or a halogen atom, particularly preferably an
alkyl group which may have a substituent, an alkoxy group
which may have a substituent, or a halogen atom, most pref-
erably a methyl group or a halogen atom.

[0082] The aromatic heterocyclic group is preferably a
group derived from a heteromonocyclic group or a heterodi-
cyclic group. Examples of the atoms (other than carbon
atoms) forming the aromatic heterocyclic group include
nitrogen, sulfur and oxygen. When the aromatic heterocyclic
group contains a plurality of ring-forming atoms other than
carbon atoms, these may be identical or different. Specific
examples of the aromatic heterocyclic group include pyridyl,
quinolyl, isoquinolyl, benzothiadiazole, phthalimide and
thienothiazole, with thienothiazole being particularly pre-
ferred.

[0083] Examples of the substituent the aromatic heterocy-
clic group may have include alkyl groups (e.g., a methyl
group and an ethyl group), alkoxy groups (e.g., a methoxy
group and an ethoxy group), amino groups (e.g., an unsub-
stituted amino group and a methylamino group), an acety-
lamino group, an acylamino group, a nitro group, a hydroxyl
group, a cyano group and halogen atoms.

[0084] Specific examples of the azo dyes represented by
General Formula (I) will be given below. However. the azo
dyes usable in the present invention should not be construed
as being limited these specific examples.

Xi
/
YION=N N=N N=N N=N N=N N
X
Ry Ry Ry Ry

Ras
NO' Xl X2 R2 1 R22 R23 R24 RZ5 Yl
Al —C,H, —CH, —H —CH, —H —H —H —nC,H,
A2 —_CH, —CH, —H _CH, _CH, _CH, —H —nC,H,
A3 _CH, _CH, _H _CH, _H _H _H —nC,H,
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—0 O(CH;);;0COCH=CH,
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/
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\
X5
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/
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X
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Al6 —CHs —CH, —H —CH —H —1C4H,
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[0085] The liquid crystallinity of the azo dye represented containing a cation polymerizable group. Of these, from the

by General Formula (I) is not particularly limited and may be
appropriately determined depending on the intended purpose.
The azo dye preferably shows a nematic liquid crystal phase
at 10° C. to 300° C., more preferably 100° C. to 250° C.

[0086] In the composition containing the liquid crystal
compounds such as the above azo dye, the amount of the azo
dye represented by General Formula (I) is preferably 80% by
mass or more, more preferably 90% by mass or more, with
respect to the amount of all dyes. Also, in the total solid
content (excluding a solvent), the amount of the azo dye
represented by General Formula (I) is preferably 20% by
mass or more, more preferably 30% by mass or more. The
total solid content (%) of the composition is preferably 0.1%
by mass to 10% by mass, more preferably 0.5% by mass to
5% by mass.

[0087] The polarizing layer formed from the above com-
position in the present invention has a thickness 0f0.01 um to
2 pm, more preferably 0.05 pm to 2 pm.

Various Resins

[0088] In the present invention, the various resins which
canbe incorporated into the liquid crystal compound layer are
not particularly limited, so long as they do not impede orien-
tation of the liquid crystal compounds, and may be appropri-
ately selected depending on the intended purpose. Examples
thereof include polyacrylic acid esters. The various resins
may be commercially available resins or may be synthesized
by a known polymerization method using various monomers
or oligomers. These monomers are not particularly limited
and may be appropriately selected depending on the intended
purpose. Examples thereof include non-liquid-crystalline
polyfunctional monomers containing a radial polymerizable
group, and non-liquid-crystalline polyfunctional monomers

viewpoint of curability, preferred are non-liquid-crystalline
polyfunctional monomers containing a radial polymerizable

group.

[Non-Liquid-Crystalline Polyfunctional Monomers Contain-
ing a Radial Polymerizable Group]

[0089] As described above, the non-liquid-crystalline poly-
functional monomers containing a radial polymerizable
group are used to synthesize the various resins contained in
the liquid crystal compound layer. In the present invention,
the polyfunctional monomers are not particularly limited, so
long as active species of the polyfunctional monomers are
polymerized following a radical process, and may be appro-
priately selected depending on the intended purpose. As
described above, the polyfunctional monomers are not par-
ticularly limited and may be appropriately selected depend-
ing on the intended purpose. The polyfunctional monomers
are preferably those having two or more double bonds in the
molecule thereof, more preferably those having ethylenically
(aliphatic) unsaturated double bonds in the molecule thereof.
Specific examples thereof include functional group-contain-
ing polyfunctional monomers such as alkenes, dienes, acry-
lates, methacrylates, diesters of unsaturated polyvalent car-
boxylic acids, amides of «, f-unsaturated carboxylic acids,
unsaturated nitriles, styrene or derivatives thereof, vinyl
esters and viny! ethers. The number of double bonds in the
molecule is preferably 2 to 20, more preferably 2 to 15, most
preferably 2 to 6. The polyfunctinal monomers are preferably
esters formed between unsaturated fatty acids and polyols
having two or more hydroxyl groups in the molecule thereof.
Examples of the unsaturated fatty acids include acrylic acid,
methacrylic acid, maleic acid and itaconic acid, with acrylic
acid and methacrylic acid being preferred. The polyols hav-
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ing two or more hydroxyl groups in the molecule thereof are
preferably oligomers of tetra or higher-valent alcohols or tri
or higher-valent alcohols. The oligomers have a molecular
structure in which polyvalent alcohols are linked together via
an ether bond, an ester bond or a urethane bond. Preferably,
the oligomers have a molecular structure in which polyvalent
alcohols are linked together via an ether bond.

[0090] Particularly preferably, the polyfunctional mono-
mers are soluble in organic solvents. Such monomers are, for
example, compounds having a boiling point of 100° C. of
higher under atmospheric pressure. Examples of difunctional
(meth)acrylates among the above polyfunctional monomers
include ethylene glycol di(meth)acrylate, 1,6-hexandiol
di(meth)acrylate, 1,9-nonandiol di(meth)acrylate, polypro-
pylene glycol di(meth)acrylate, tetraethylene glycol di(meth)
acrylate and  bisphenoxyethanolfluorene  diacrylate.
Examples of commercially available products thereofinclude
ARONIX M-210, ARONIX M-240 and ARONIX M-6200
(these products are of TOAGOSEI CO., LTD.), KAYARAD
HDDA, KAYARAD HX-220 and KAYARAD R-604 (these
products are of NIPPON KAYAKU Co., Ltd.) and VISCOAT
260, VISCOAT 312 and VISCOAT 335HP (these products are
of OSAKA ORGANIC CHEMICAL INDUSTRIES LTD.).

[0091] Examples of tri or higher-functional (meth)acry-
lates include trimethylolpropane tri(meth)acrylate, pen-
taerythritol tri(meth)acrylate, tri((meth)acryloyloxyethyl)
phosphate, pentaerythritol tetra(meth)acrylate, dipentaeryth-
ritol penta(meth)acrylate and dipentaerythritol hexa(meth)
acrylate. Examples of commercially available products
thereofinclude ARONIX M-309, ARONIX M-400, ARONIX
M-405, ARONIX M-450, ARONIX M-7100, ARONIX
M-8030 and ARONIX M-8060 (trade name) (these products
are of TOAGOSEI CO., LTD.), KAYARAD TMPTA,
KAYARAD DPHA, KAYARAD DPCA-20, KAYARAD
DPCA-30, KAYARAD DPCA-60 and KAYARAD DPCA-
120 (trade name) (these products are of NIPPON KAYAKU
Co.,Ltd.) and VISCOAT 295, VISCOAT 300, VISCOAT 360,
VISCOAT GPT, VISCOAT 3PA and VISCOAT 400 (trade
name) (these products are of OSAKA ORGANIC CHEMI-
CAL INDUSTRIES LTD.).

[0092] Examples of di or higher-/tri or higher-functional
(meth)acrylates (further exemplary monomers and oligo-
mers) include polyethylene glycol di(meth)acrylate, polyeth-
ylene glycol di(meth)acrylate, trimethylolethane triacrylate,
trimethylolpropane diacrylate, neopentyl glycol di(meth)
acrylate, dipentaerythritol penta(meth)acrylate, hexanediol
di(meth)acrylate, trimethylolpropane tri(acryloyloxypropyl)
ether, tri(acryloyloxyethyl) isocyanurate, tri(acryloyloxyeth-
yl)cyanurate, glycerin tri(meth)acrylate, tri((meth)acryloy-
loxyethyl) phosphate, dipentaerythritol penta(meth)acrylate
and dipentaerythritol hexa(meth)acrylate; polyfunctional
(meth)acrylates formed by, for example, adding ethylene
oxide or propylene oxide to polyfunctional alcohols (e.g.,
trimethylolpropane and glycerin) and treating it so as to have
amoiety of (meth)acrylate; poly(meth)acrylates of polyether
polyols, poly(meth)acrylates of polyester polyols, and poly
(meth)acrylates of polyurethane polyols.

[0093] Monomers of esters formed between polyols and
acrylic acid are commercially available from MITSUBISHI
RAYON CO., LTD. (trade name: DIABEAM UK-4154) and
NIPPON KAYAKU Co., Ltd. (trade name: KYARAD-
DPHA, SR355).
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[0094] These di/tri or higher-functional (meth)acrylates
may be used individually or in combination, and also may be
used in combination with monofunctional (meth)acrylates.

[0095] Examples of the monofunctional (meth)acrylates
include 2-hydroxyethyl (meth)acrylate, carbitol(meth)acry-
late, isoboronyl(meth)acrylate, 3-methoxybutyl(meth)acry-
late, 2-(meth)acryloyloxyethyl-2-hydroxy propylphthalate,
polyethylene glycol mono(meth)acrylate, polyethylene gly-
col mono(meth)acrylate, phenoxyethyl(meth)acrylate and
ethylene glycol (meth)acrylate. Examples of commercially
available products thereof include ARONIX M-101,
ARONIX M-111 and ARONIX M-114 (TOAGOSEI CO,,
LTD.), KAYARAD TC-110S and KAYARAD TC-1208
(these products are of NIPPON KAYAKU Co., Ltd.) and
VISCOAT 158 and VISCOAT 2311 (these products are of
OSAKA ORGANIC CHEMICAL INDUSTRIES LTD.).

[0096] As described below, in producing a polarizing layer,
the orientation state of nematic liquid crystal dyes is prefer-
ably fixed. Specifically, the orientation of dyes is fixed
through a polymerization reaction. The polymerization reac-
tion encompasses thermal polymerization using a thermal
polymerization initiator and photo polymerization using a
photo polymerization initiator.

[0097] Inthe composition used for forming the liquid crys-
tal compound layer containing the liquid crystal compound,
the total amount of the dyes and the non-liquid-crystalline
polymerizable polyfunctional monomers is preferably 50%
by mass or higher, more preferably 70% by mass or higher,
with respect to the total solid content excluding the solvent.

[Polymerization Initiator|

[0098] The various resins contained in the above liquid
crystal compound layer may be synthesized optionally using
a polymerization initiator. In particular, in order to cure the
composition containing the above radical polymerizable
polyfunctional monomer, a polymerization initiator is pref-
erably used.

[0099] The polymerization initiator is not particularly lim-
ited and may be appropriately selected depending on the
intended purpose. Known polymerization initiators can be
suitably used depending on whether photo polymerization or
thermo polymerization is conducted. Examples of the photo
polymerization initiator include a-carbonyl compounds (de-
scribed in U.S. Pat. Nos. 2,367,661 and 2,367,670), acyloin
esters (described in U.S. Pat. No. 2,448,828), a-hydrocarbon-
substituted aromatic acyloin compounds (described in U.S.
Pat. No. 2,722,512), polynuclear quinone compounds (U.S.
Pat. Nos. 3,046,127 and 2,951,758), combinations of tri-
arylimidazole dimers and p-amino phenyl ketones (described
in U.S. Pat. No. 3,549,367), acrydine compounds and phena-
zine compounds (described in JP-A No. 60-105667 and U.S.
Pat. No. 4,239,850) and oxadiazolyl compounds (described
in U.S. Pat. No. 4,212,970).

[0100] The amount of the photo polymerization initiator
used is preferably 0.01% by mass to 20% by mass, more
preferably 1% by mass to 10% by mass, with respect to the
total solid content excluding the solvent.

[0101] Regarding the type of the photo polymerization ini-
tiator used, the amount of the photo polymerization initiator
used, and the dose of light applied for polymerization, the
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description of paragraphs [0050] and [0051] of JP-A No.
2001-91741 can be applied to the present invention.

Other Additives

[0102] Theliquid crystal compound layer in the color filter
of the present invention may optionally contain various addi-
tives in addition to the above components. Examples of the
additives include an air blow-related uneven coating-prevent-
ing agent, a cissing inhibitor, an additive for controlling a tilt
angle at an orientation layer (a tilt angle ofliquid crystal dyes
at the interface of a light-absorbable anisotropic film and an
orientation layer), an additive for controlling a tilt angle at an
air interface (a tilt angle of dyes at the interface of a polarizing
plate film and air), a sugar, a drug having at least one of an
antifungal function, an antibacterial function and a disinfec-
tant function, and a non-liquid-crystalline binder polymer.

[Air Blow-Related Uneven Coating-Preventing Agent|

[0103] The air blow-related uneven coating-preventing
agent is not particularly limited, so long as it can prevent a
coating liquid of the composition from being uneven by air
blow, and may be appropriately selected depending on the
intended purpose. In general, a fluorine-containing polymer
may be suitably used as the air blow-related uneven coating-
preventing agent. The fluorine-containing polymer is not par-
ticularly limited, so long as it does not impede a change in tilt
angle of dyes and orientation thereof. The fluorine-containing
polymer usable as the air blow-related uneven coating-pre-
venting agent is described in, for example, JP-A No. 2004-
198511, JP-B No. 4190275, and JP-A Nos. 2004-333852 and
2005-206638. When the dyes and the fluorine-containing
polymer are used in combination, unevenness can be pre-
vented, resulting in that high-quality images can be dis-
played. In addition, coating properties are improved to
involve no cissing. Preferably, the amount of the fluorine-
containing polymer added as the air blow-related uneven
coating-preventing agent, at which orientation of dyes is not
impeded, is generally 0.1% by mass to 10% by mass, more
preferably 0.5% by mass to 10% by mass, still more prefer-
ably 0.5% by mass to 5% by mass, with respect to the dyes.

[Cissing Inhibitor]

[0104] The cissing inhibitor is not particularly limited, so
long as it can prevent cissing during coating of a composition
used for forming the liquid crystal compound layer, and may
be appropriately selected depending on the intended purpose.
Examples thereof include polymer compounds. The poly-
mers used are not particularly limited, so long as they are
compatible to the liquid crystal compound and do not con-
siderably impede a change in tilt angle of dyes and orientation
thereof. The polymers usable as the cissing inhibitor are
described in, for example, JP-A No. 08-95030. Specifically,
cellulose esters are exemplified as particularly preferred
polymers. Examples of the cellulose esters include cellulose
acetate, cellulose acetate propionate. hydroxypropyl cellu-
lose and cellulose acetate butylate. Preferably, the amount of
the polymer added as the cissing inhibitor, at which orienta-
tion of liquid crystal compounds is not impeded, is generally
0.1% by mass to 10% by mass, more preferably 0.1% by mass
to 8% by mass, still more preferably 0.1% by mass to 5% by
mass, with respect to the liquid crystal compound.

[0105] When a coating liquid of the composition contain-
ing the liquid crystal compounds is applied onto the orienta-
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tion layer, the dyes are oriented at a tilt angle of the orientation
layer at the interface defined by the orientation layer, and are
oriented at a tilt angle of the air interface at the interface
defined by air. By horizontally orienting the liquid crystal
compounds and fixing them at the oriented state, a polarizing
layer can be formed.

[Tilt Angle-Controlling Agent at Orientation Layer (Orienta-
tion Layer Tilt Angle-Controlling Agent)]

[0106] The orientation layer tilt angle-controlling agent is
not particularly limited, so long as it controls the tilt angle of
an orientation layer, and may be appropriately selected
depending on the intended purpose. Compounds having both
a polar group and a non-polar group in the molecule thereof
may be used. Examples of such compounds include
PO—OH, PO—COOH, PO—0O—PO, PO—NH,,
PO—NH—PO, PO—SH, PO—S—PO, PO—CO—PO,
PO—COO—PO, PO—CONH—PO, PO—CONHCO—PO,
PO—SO0,H, PO—S0O,—PO, PO—SO,NH—PO,
PO—SQ,NHSO,—PQ, PO——N—PO, HO—P(—OPO),,
(HO—),PO—OPO, P(—O0OPO),, HO—PO(—OPO),,
(HO—),PO—OPO, PO(—OPO),, PO—NO,, PO—CN, and
organic salts thereof. Here, the organic salts are preferably
pyridinium salts as well as ammonium salts, carboxylic acid
salts and sulfonic acid salts, for example. Among the above-
listed compounds, PO—OH, PO—COOH, PO—0O—PQ,
PO—NH,, PO—SO,H, HO—PO(—OPO),, (HO—),PO—
OPO, PO(—OPO), and organic salts thereof are preferred.
Here, PO denotes a non-polar group, and when a plurality of
POs are contained, the POs may be identical or different.
[0107] Examples of groups denoted by PO include alkyl
groups (preferably linear, branched or cyclic, substituted or
unsubstituted alkyl groups having 1 to 30 carbon atoms),
alkenyl groups (preferably linear, branched or cyclic, substi-
tuted or unsubstituted alkenyl groups having 1 to 30 carbon
atoms), alkynyl groups (preferably linear, branched or cyclic,
substituted or unsubstituted alkynyl groups having 1 to 30
carbon atoms), aryl groups (preferably substituted or unsub-
stituted aryl groups having 6 to 30 carbon atoms) and silyl
groups (preferably substituted or unsubstituted silyl group
having 3 to 30 carbon atoms). These non-polar groups may
further have a substituent. Example of the substituent include
halogen, alkyl (including cycloalkyl and bicycloalkyl), alk-
enyl (including cycloalkenyl and bicycloalkenyl), alkynyl,
aryl, heterocyclic, cyano, hydroxyl, nitro, carboxyl, alkoxyl,
aryloxy, silyloxy, heterocyclic oxy, acyloxy, carbamoyloxy,
alkoxycarbonyloxy, aryloxycarbonyloxy, amino (including
anilino), acylamino, aminocarbonylamino, alkoxycarbony-
lamino, aryloxycarbonylamino, sulfamoylamino, alkylsulfo-
nylamino, arylsulfonylamino, mercapto, alkylthio, arylthio,
heterocyclic thio, sulfamoyl, sulfo, alkylsufinyl, arylsufinyl,
alkylsulfonyl, arylsulfonyl, acyl, aryloxycarbonyl, alkoxy-
carbonyl, carbamoyl, arylazo, heterocyclic azo, imide, phos-
phino, phosphinyl, phosphinyloxy, phosphinylamino and
silyl.

[0108] In the present invention, by adding the orientation
layer tilt angle-controlling agent to the coating liquid of the
composition containing the liquid crystal compounds, and
orienting the liquid crystal compounds in the presence of the
orientation layer tilt angle-controlling agent, the tilt angle of
the dyes can be controlled at the interface defined by the
orientation layer. Preferably, the amount of the orientation
layer tilt angle-controlling agent is generally 0.0001% by
mass to 30% by mass, more preferably 0.001% by mass to
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20% by mass, particularly preferably 0.005% by mass to 10%
by mass, with respect to the mass of the dyes. In the present
invention, the orientation layer tilt angle-controlling agent
described in JP-A No. 2006-58801 can be used.

[Air-Interface Tilt Angle Controlling Agent]

[0109] The air-interface tilt angle controlling agent is pref-
erably (1) a fluoroaliphatic group-containing compound rep-
resented by the following General Formula (III) or (2) a
polymer containing, as a polymerization unit, at least one
selected from the group consisting of a fluoroaliphatic group-
containing monomer represented by the following General
Formula (IV) or (V) and an amide group-containing mono-
mer represented by the following General Formula (V).

General Formula (I1I):

/ |
|_(R“)mll
X! AN
“ N)\N 7N
R, T | J\ )\ |_(R22)m22
X X3 N/ X2 AN

[0110] In General Formula (III), R*!, R** and R*® each
independently represent an alkoxy group having a CF; group
or CF,H group at the end thereof, X*!, X** and X** each
independently represent —NH—, —O— or —S—, and m, ,,
m,, and m,, are each independently an integer of 1 to 3.

General Formula (IV):

Rl

L'—(CF)uH

[0111] In General Formula (IV), R* represents a hydrogen
atom, a halogen atom or a methyl group, L' represents a
divalent linking group, and m1 is an integer of 1 to 18.

General Formula (V):

RZ

L2—(CFp)F

[0112] In General Formula (V), R? represents a hydrogen
atom, a halogen atom or a methyl group, L? represents a
divalent linking group, and n1 is an integer of 1 to 18.

General Formula (VI):

R3

RIO
C—N
(ll \Rll
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[0113] In General Formula (VI), R? represents a hydrogen
atom, a halogen atom or a methyl group, R'® and R'" each
independently represent a hydrogen atom, an alkyl group
having 1 to 18 carbon atoms, an aromatic group having 6 to 20
carbon atoms or a heterocyclic group having 1 to 20 carbon
atoms, and R'° and R'' may be linked together to form a
heterocyclic structure.

[0114] First, the compound represented by General For-
mula (III) will be described.

[0115] In General Formula (III), the substituent repre-
sented by R'*, R** or R* is an alkoxy group having a CF,
group or CF,H group at the end thereof, and may be linear or
branched. The substituent preferably has 4 to 20 carbon
atoms, more preferably has 4 to 16 carbon atoms, particularly
preferably has 6 to 16 carbon atoms. The alkoxy group having
a CF; group or CF,H group at the end thereof is an alkoxy
group in which some or all hydrogen atoms are substituted
with fluorine atoms. In the alkoxy group, 50% or more of the
hydrogen atoms are preferably substituted with fluorine
atoms, 60% or more of the hydrogen atoms are more prefer-
ably substituted with fluorine atoms, and 70% or more of the
hydrogen atoms are particularly preferably substituted with
fluorine atoms. The alkoxy group (having a CF group or
CF,H group at the end thereof) represented by R'*, R** or R*
is exemplified as (1) to (18) given below.

():n-CgF,—O—

(2):n-C¢F ;—0—

(3):n-C,Fo—O0—

(#): -Gyl ,—(CH,),—O—(CH,),—0—
(5):n-CgF ;3—(CH,),—O—(CH,),—O—
(6): n-C,Fo—(CH,),—0—(CH,),—O0—
(M) n-CgF —(CH,);—0—

(8): n-Cgl 5—(CH,);—O0—

(9): n-C,F,—(CH,),—O—

(10): H—(CF,)g—O—

(11): H—(CF,)o—O0—

(12): H—(CF,),—O—

(13): H—(CF,)y—(CH,)—0—

(14): H—(CF,)s—(CH,)—O—

(15): H—~(CF,),—(CH,)—0—

(16): H—(CF,)g—(CH,)—O—(CH,),O—
(17): H—(CF,)s—(CH,)—0—(CH,),—0—
(18): H—(CF,),—(CH,)—O—(CH,),O—

[0116] In General Formula (1), each of X*!, X*? and X*?
preferably represents —NH— or —O—, most preferably
—NH—. Each of m, |, m,, and m,; is preferably 2.

[0117] Specific examples of the compound represented by
General Formula (III) will be given below. However, the
compound usable in the present invention should not be con-
strued as being limited these specific examples.
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Rl
X R!
R2 )\ R?
@\ I\i \N
)\ )\
R? X N X R2

Compound

No. R! R? X
I-1 O(CH,);(CF,),F O(CH,)3(CF,),F NH
12 O(CH,);(CF>)¢F O(CH,)3(CF,)¢F NH
1-3 O(CH,)3(CF,)sF O(CH,)3(CF,)sF NH
14 OCH,(CF,)¢H OCH,(CF,)sH NH
I-5 OCH,(CF,)sH OCH,(CF,)sH NH
I-6 OCH,),O(CH,)5(CEo)sF O(CH,);O(CH,)5(CFo)eF  NH
-7 O(CHL),0(CHL)5(CF)uF O(CH,);0(CH)5(CF,),F - NH
8 O(CH,)38(CHy)5(CFo)F - O(CH,)3S(CH,),(CFo)eF  NH
L9 O(CH,)38(CHy)5(CFo)F - O(CH),S(CH,),(CFo)F - NH
10 O(CIL)6S(CH,(CEo)eF - O(CIL);S(CH,),(CEy)ef - NH
I-11 O(CH,)sS(CH,),(CF,),F  O(CH,)¢S(CH,),(CF,),F  NH
I-12 O(CH,),O(CH,)(CF,)¢H  O(CH,);O(CH,)(CF,)gH NH
I-13 O(CH,);(CF5)6F O(CH,)3(CF,)¢F O
1-14 OCH,(CF,)H OCH,(CF,)sH O
I-15 O(CH,),0(CH,)-(CF,)sF O(CH,),O(CH,)5(CF,);f O
16 O(CH,)38(CH,)5(CF,)eF  O(CH,)3S(CH,),(CF)eF O
1-17 O(CH,),O(CH,)(CF,)sH O(CH,);O(CH,)(CF;)sH O
I-18 O(CH,);(CF)¢F O(CH,)3(CF,)¢F N
19 OCH,(CF,)¢H OCH,(CF,)¢H S
1-20 O(CH,),0(CH,)5(CF,)6F O(CH,);,0(CH,)5(CF,)f 8
21 O(CH,)38(CH)5(CF,)eF  O(CH,)38(CH,),(CE)eF 8
122 O(CH,),0(CH,)(CE,)¢H O(CH,);OCH,)(CF,)eH  $
[0118] Next, description will be given with respect to a

polymerization unit of a fluoroaliphatic group-containing
monomer represented by General Formula (IV) or (V).

General Formula (IV):

R!
L!'—(CFy),, H
General Formula (V):
RZ
L2—(CFpuF

[0119] In General Formula (IV), R® represents a hydrogen
atom, a halogen atom or a methyl group, and more preferably
represents a hydrogen atom or a methyl group. L' represents
a divalent linking group, and m1 is an integer of 1 to 18,
preferably 2 to 12, more preferably 4 to 8, particularly pref-
erably 4 or 6.

[0120] In General Formula (V), R® represents a hydrogen
atom, a halogen atom or a methyl group, and more preferably
represents a hydrogen atom or a methyl group. L. represents
a divalent linking group, and nl is an integer of 1 to 18,
preferably 2 to 12, more preferably 4 to 8, particularly pref-
erably 4 or 6.

[0121] Next, L' and L% which each represent a divalent
linking group, will be described. L' and L2 are not particularly
limited, so long as they each independently represent a diva-

25
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lent substituent, and preferably have a structure represented
by the following General Formula (VII). Here, (a) denotes a
position at which the linking group is bonded to the double
bond, and (b) denotes a position at which the linking group is
bonded to the fluoroaliphatic group.

(@) —X10—R20—(p) General Formula (VII)

[0122] In General Formula (VII), X*° represents a single
bond or one of the following divalent linking groups:
*COO—** * _COS—** *_0OCO—** * _CON
(R*)—** and *—O—**, Here, the symbol “*” denotes a
position at which the linking group is bonded to the double
bond, and the symbol “**” denotes a position at which the
linking group is bonded to R*°.

[0123] R?° represents a polymethylene group which may
have asubstituent (e.g., a methylene group, an ethylene group
or a trimethylene group), a phenylene group which may have
a substituent (e.g., an o-phenylene group, a m-phenylene
group or a p-phenylene group) or a group formed by combin-
ing these groups together as desired. Among them, R*° pref-
erably represents a polymethylene group, more preferably a
methylene group, an ethylene group, a trimethylene group or
a tetramethylene group, still more preferably a methylene
group or an ethylene group.

[0124] R*' represents a hydrogen atom, a C1-C8 alkyl
group which may have a substituent or a C6-C20 aryl group
which may have a substituent, more preferably a hydrogen
atom or a C1-C6 alkyl group, still more preferably a hydrogen
atom or a C1-C4 alkyl group.

[0125] Thefluoroaliphatic group-containing monomer rep-
resented by General Formula (IV) is preferably a monomer
represented by General Formula (VIII).

General Formula (VIII):

Rl

C—X'— (CHy)— (CEpH
(0]

[0126] InGeneral Formula (VIII), X" represents one of the
following divalent groups: —O—, —S— and —N(R***)—,
and p is an integer of 1 to 8. X* preferably represents —O—
or —N(R**?)—, more preferably represents —O—. p is pref-
erably an integer of 1 to 6, more preferably 1to 3.R' and m1
have the same meanings as defined in General Formula (IV),
and their preferable groups/numerical range are similar. R***
represents a hydrogen atom or a C1-C8 alkyl group which
may have a substituent, or a C6-C20 aryl group which may
have a substituent.

[0127] Thefluoroaliphatic group-containing monomer rep-
resented by General Formula (V) is preferably a monomer
represented by the following General Formula (IX).

General Formula (IX):

RZ

:<

lC—X2—<CHz>q—<CFz>n1F

0]

[0128] In General Formula (IX), X* represents one of the
following divalent groups: —O—, —S— and —N(R***)—,
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and q is an integer of 1 to 8. X? preferably represents —O—
or —N(R**?)—, more preferably represents —O—. p is pref-
erably an integer of 1 to 6, more preferably 1 to 3. R* and nl
have the same meanings as defined in General Formula (V),
and their preferable groups/numerical range are similar. R**
has the same meaning as defined in General Formula (VIII).
[0129] Next, description will be given with respect to a
polymerization unit of an amide group-containing monomer
represented by General Formula (VI).

General Formula (VI):

R3

RIO
C—N
(ll \Rll

[0130] In General Formula (V1), R represents a hydrogen
atom, a halogen atom or a methyl group, preferably a hydro-
gen atom or a methyl group. R'® and R'' each independently
represent a hydrogen atom, an alkyl group having 1 to 18
carbon atoms, an aromatic group having 6 to 20 carbon atoms,
or a heterocyclic group having 1 to 20 carbon atoms. These
substituents may further have a substituent. R'® or R'" pref-
erably represents an alkyl group having 1 to 12 carbon atoms
or an aromatic group having 6 to 15 carbon atoms, more
preferably represents an alkyl group having 1 to 6 carbon
atoms or an aromatic group having 6 to 12 carbon atoms. R*°
and R'' may be linked together to form a heterocyclic struc-
ture which is, for example, a pyrrolidine ring, a piperidine
ring or a morpholine ring.

[0131] The polymer used in the air-interface tilt angle con-
trolling agent is not particularly limited, so long as the fluo-
roaliphatic group-containing monomer or the amide group-
containing monomer is contained as the polymerization unit,
and may be appropriately selected depending on the intended
purpose. Preferably, both the fluoroaliphatic group-contain-
ing monomer and the amide group-containing monomer are
used as polymerization units. The polymer may contain, as
polymerization units, two or more of the fluoroaliphatic
group-containing monomer and two or more of the amide
group-containing monomer. Also, the polymer may be a
copolymer additionally containing one or more other copo-
lymerizable monomers as a polymerization unit(s). Examples
of such copolymerizable monomers employable include
those described in Polymer Handbook 2nd ed., J. Brandrup,
Wiley Interscience (1975) Chapter 2, Pages 1 to 483; specifi-
cally, compounds having one addition polymerizable unsat-
urated bond selected from acrylic acid esters, methacrylic
acid esters, methacryl amides, allyl compounds, vinyl ethers
and vinyl esters.

[0132] The polymer used in the air-interface tilt angle con-
trolling agent preferably has a weight average molecular
weight 0f2,000 to 100,000, more preferably 3,000 to 80,000,
still more preferably 4,000 to 60,000. Here, the weight aver-
age molecular weight and molecular weight are those (con-
verted to polystyrene) obtained through refractive index
detection with a GPC analysis apparatus using columns of
TSKgel GMHxL, TSKgel G4000HxL. and TSKgel
G2000HxL (trade name) (these products are of TOSOH
CORPORATION) (the solvent used: THF).

[0133] Next, specific structural examples of the polymer
employable as the air-interface tilt angle controlling agent
will be given below. However, the polymer usable in the
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present invention should not be construed as being limited
these specific examples. Notably, the numbers in the chemical
structures are ratios by mass of monomer components. Mw
denotes a weight average molecular weight.

R! R}
—CH,—CH CH—C o=
C—0—CH,+CF3-1H c—lef—Rl2
RIO
m! R!' R} RP? R X Mw
P1 4 CH; H CH, CH, 60 1.9x 104
P2 4 H H CH, CH, 80 14x10*
P3 6 H H CH, CH, 70 28x 104
P4 6 H H CH, CH, 80 1.6x 104
P5 6 H H CH, CH,4 90 1.8x10*
P6 8 H H CH, CH, 75 82x 104
P7 8 H H CH, CH, 95 4.6x 104
P8 6 H H CHs C,Hs 85 15x10*
P-9 6 CH; CH; CuHo(n C,Hy () 80 19x 104
P10 6 H H  CHCHOCH, CH,CHOCH, 90 12x10*
R? R}
—CH,—C7 CH,—C 5
C—0—CH,CH,+CFy3—F C—N—RE
RIO
nt RZ R RY R x  Mw
P11 4 CH; H CH, CH, 55 88x 103
P12 4 H H CH, CH, 40 13x 104
P13 6 H H CH, CH, 40 17x 104
P14 6 H H CH, CH, 35 21x 104
P15 6 H H CH, CH, 45 90x 10
P16 8 H H CH, CH, 30 15x 104
P17 6 H H CH, CH, 40 46x 10
P18 6 H H  CHs C,Hs 40 19x 104
P19 6 CH; CH,; CH,CH,OCH; CH,CH,OCH; 40 12x10*
P20 6 H H CHCHOH CH,CH,OH 40 1.1x 104
R4l R3
—CH,—C CH,—C¥os
N
C—O0—(CHy)a— (CFy)b—Y C—N RrHU
I~
0 0
A b Y R R¥ RY X Mw
P21 1 4 H H CHy (CHy, 80 1.5x10%
P2 1 6 H H H (CH) 85 1.3x10%
P23 1 6 H H H (CH),0(CH), 80 1.8x10*
P24 2 4 F H CHy (CHy, 45 12x10°
P25 2 6 F H H (CHys 35 15x 104
P26 2 6 F H H (CH),0(CH,), 40 23x 107
P27 3 6 F H H (CHys 40 1.7x10°
P28 6 6 F CH, CH; (CH,),0(CH,), 40 19x 10*
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H
C—O0—(CHy)a—(CFy)b—Y ﬁ—N—R”
0 0
a b Y R¥ R? R X Mw
P29 1 4 H H CH,4 CHps () 9 2.0x10*
P30 1 6 H H H CH(CH,), 85 1.3x10*
P31 1 6 H H H CH,CH,Ph 80 1.8x10%
P32 2 4 F H CH, C,Hy () 45 2% 10
P33 2 6 F H H CH(CH,), 40 1.8x10*
P34 2 6 F H H O(CH;),CH,COCH; 35 1.8x10%
P35 3 6 F H H CH,0C,H, (n) 40 17x10
P36 6 6 F CH; CH, C4Ho (1) 45 1.9x10*
i 1 ¥ ¥
—¢CH,—C £CH—C ¥ —CH,—C- Ol —C e
J— —_— N —n7ll
ﬁ O/\(\@FZ)WIF ﬁ Iil R C—O— CH,CH,— (CFy),CF(CF3), ﬁ_T_R“
0 OH 0 R 0 Rl
i R? R} ORU RI0 x  Mw
c R? R RY R X Mw
P-37 4 H H CH CH, 55 1.1x104
g-gg 2 g g C}}II CH((:%Hs)z ig }2*}82 P45 4 H H CH, CH; 45 33x10*
- 3 3 O X 3 4
P40 6 CH, H CH K, 35 27 104 P-46 4 H H H CH(CH,), 40 1.5><104
P41l 6 H H H CH(CH,), 45 14x 10 P47 6 H H CHs CH, 40 1.6x10
P42 6 H H H C(CH;),CH,COCH; 30 19x1¢* P48 6 CH; H H CH(CH;), 40 24x10°
P43 6 H H (CHy), 40 1-7><10;‘ P49 6 H H (CH,),0(CH,), 40 17x10°
P-44 6 CH; CH, (CH,),0(CH,), 40 18x 10
Note: Note:
P-43 and P-44 are examples in which R!® and R are linked to form a ring. P-49 is an example in which R!® and R are linked to forma ring.
Structure Mw
P-50  —fCH,—CH35 £ CH—CHYy ¢ nHZ—TH-)W 1.7x10*
C—O—CH,(CF,)H  C—O—CH,CH,(CF,sF ~ C—N—CH;
0 CH;
P-51 CH; 20x 10
—(-CHZ—CH-)W—(-CHg—CHﬁBO—(-CHZ—T-)%
ﬁ—O—CHZCHz(:CFz)gF C—IF—CH; ﬁ—O—CHg
o] 0 CH; o]
P-52 CH; CH; 2.5x 10%
—6€Hz—(fﬁm—6CHz—(|3Hﬁm—6CHz—(|3m
ﬁ—O—CHZCHz(CFz)ﬁF C—III—CHg ﬁ—O—CH3
0 0 CH; 0
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[0134] 1In addition, the air-interface tilt angle controlling
agent used may be horizontally orienting agents described in
JP-A Nos. 2005-99248, 2005-134884, 2006-126768 and
2006-267183.

[0135] In the present invention, the compounds serving as
the air-interface tilt angle controlling agent may be used
individually or in combination. The amount of the horizon-
tally orienting agent added is preferably 0.1% by mass to 10%
by mass, more preferably 0.5% by mass to 10% by mass,
particularly preferably 0.5% by mass to 5% by mass, with
respect to the amount of the dye added.

[0136] In the present invention, the term “tilt angle” refers
to an angle formed between the major axes of the dye mol-
ecules and the interface (orientation layer interface or air
interface). When the dyes are horizontally oriented so that the
tilt angle at the side of the orientation layer becomes small in
some degree, optical properties preferable as the polarizing
layer are effectively obtained. Thus, in terms of polarization
properties, the tilt angle at the side of the orientation layer is
preferably 0° to 10°, more preferably 0° to 5°, particularly
preferably 0° to 2°, most preferably 0° to 1°. Also, the tilt
angle at the side of the air interface is preferably 0° to 10°,
more preferably 0° to 5°, particularly preferably 0° to 2°.

[0137] In the present invention, by adding, to the composi-
tion containing the liquid crystal compounds, at least one of a
fluorcaliphatic group-containing compound represented by
General Formula (III) or a polymer containing, as a polymet-
ization unit, at least one selected from the group consisting of
a fluoroaliphatic group-containing monomer represented by
General Formula (IV) or (V) and an amide group-containing
monomer represented by General Formula (VI), the tilt angle
at the side of the orientation layer in the polarizing plate
formed using this composition can be adjusted to, for
example, 2° or lower.

[Sugars]

[0138] The sugars are not particularly limited and may be
appropriately selected depending on the intended purpose.
When the sugars are added to the liquid crystal compound
layer, the association degree of dye associates is increased,
resulting in that the molecular orientation of the liquid crystal
compounds can be increased.

[0139] Examples of the sugars include monosaccharides,
disaccharides, polysaccharides and derivatives of sugars such
as sugar alcohols. In particular, in terms of molecular asso-
ciation in achieving the effects of the present invention, the
lower limit of the number of hydroxyl groups contained
therein is generally 2, preferably 3, and the upper limit of the
number of hydroxyl groups contained therein is generally 18,
preferably 12. When the number of hydroxyl groups is too
large, the sugars interact with the dyes too strongly to cause
precipitation, impeding orientation of the liquid crystal com-
pound layer. When the number of hydroxyl groups is too
small, the sugars are not sufficiently compatible to the liquid
crystal compounds, not improving orientation of the liquid
crystal compound layer. Needless to say, both cases are not
preferred.

[0140] Themolecular weight of the sugar is not particularly
limited and may be determined depending on the intended
purpose. The molecular weight is preferably 1,000 or lower,
more preferably 700 or lower. When the molecular weight of
the sugar is too high, the sugar and the liquid crystal com-
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pounds cause phase separation to potentially impede orienta-
tion of the liquid crystal compound layer, which is not pre-
ferred.

[0141] The number of carbon atoms contained in the sugar
is generally 36 or less, preferably 24 or less. When the number
of carbon atoms contained in the sugar is large, the molecular
weight thereof becomes high. Thus, as described above, the
sugar and the liquid crystal compounds cause phase separa-
tion to potentially impede orientation of the liquid crystal
compound layer, which is not preferred.

[0142] Among others, monosaccharides, oligo sugars and
sugar alcohols are preferred, since they meet the above-de-
scribed requirements regarding the number of hydroxyl
groups and the range of molecular weight. Examples of the
monosaccharides include xylose, ribose, glucose, fructose,
mannose, sorbose and galactose. Examples of the oligo sug-
ars include trehalose, kojibiose, nigerose, maltose, maltotri-
ose, isomaltotriose, maltotetraose, isomaltose, sophorose,
laminaribiose, cellobiose, gentiobiose, lactose, sucrose, meli-
biose, rutinose, primeverose, turanose, panose, isopanose,
cellotriose, manninotriose, solatriose, melezitose, planteose,
gentianose, umbeliferose. raffinose and stachyose. Examples
of the sugar alcohols include reduced products of the above-
listed monosaccharides/oligo sugars, such as threitol, xylitol,
ribitol, arabitol, sorbitol and mannitol.

[0143] Particularly preferred are xylose, mannose, maltose,
maltotriose and arabitol.

[0144] These sugars or sugar alcohols have optical isomers.
In the present invention, any one or both of the optical isomers
may be contained in the composition used for forming the
liquid crystal compound layer. Also, in the composition used
in the present invention, the above sugars may be used indi-
vidually or in combination.

[0145] Inthe composition used for forming the liquid crys-
tal compound layer in the present invention, the ratio by mass
of the sugar to the liquid crystal compound is preferably 0.1 to
1. The lower limit of the ratio is more preferably 0.2, particu-
larly preferably 0.3. The upper limit of the ratio is more
preferably 0.7, particularly preferably 0.6. When the amount
of the sugar is more than the upper limit, the association
degree of the associates may be decreased. When the amount
of the sugar is less than the lower limit, it is insufficient to
increase the association degree of the associates of the liquid
crystal compounds. Both cases are not preferred.

[Antifungal Agent, Antibacterial Agent and Disinfectant]

[0146] The antifungal agent, antibacterial agent and disin-
fectant are not particularly limited, so long as they have at
least one of an antifungal function of inhibiting generation/
growth/proliferation of fungi, a killing function of killing
microorganisms, and an antibacterial function of inhibiting
generation/growth/proliferation of microorganisms, and may
be appropriately selected depending on the intended purpose.
The antifungal agent, antibacterial agent and/or disinfectant
can improve storage stability of the composition used for
forming the liquid crystal compound laver.

[0147] The antifungal agent, antibacterial agent and disin-
fectant are not particularly limited and may be appropriately
selected depending on the intended purpose. For example,
known antifungal agents, disinfectants and antibacterial
agents may be used. Preferably, they do not deteriorate optical
characteristics of the liquid crystal compound layer formed
using the composition for the liquid crystal compound layer.
In the present invention, examples of the drug having at least
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one of antifungal, antibacterial and disinfectant functions
include conventionally used phenols (e.g., 2,4,4'-trichloro-2'-
hydroxydiphenyl), chlorine-based drugs (e.g., chlorine diox-
ide), indine-based drugs (e.g., iodine) and quaternary ammo-
nium-based drugs (e.g., benzalkonium chloride).

[0148] In addition, Proxel BDN, Proxel BD20, Proxel
GXL, Proxel LV, Proxel XL and Proxel XL2, Proxel Ultral0
(trade name) (these products are of Avecia Co.) are exempli-
fied as drugs containing 1,2-benzisothiazolin-3-on as an
active ingredient. Proxel IB (trade name) (product of Avecia
Co.) is exemplified as drugs containing hexamethylene bigu-
anide hydrochloride as an active ingredient. Densil P (trade
name) (product of Avecia Co.) is exemplified as drugs con-
taining dithio-2,2'-bis(benzmethylamide) as an active ingre-
dient.

[0149] Also, the following compounds are particularly pre-
ferred since they exhibit antibacterial effects even in a trace
amount.

Z
°©

Compound Name

2-Chloromethyl-5-chloro-3-isothiazolone
2-Cyanomethyl-5-chloro-3-isothiazolone
2-Hydroxymethyl-5-chloro-3-isothiazolone
2-(3-Methylcyclohexyl)-3-isothiazolone
2-(4-Chlorophenyl)-4,5-dichloro-3-isothiazolone
2-(4-Ethylphenyl)-3-isothiazolone
2-(4-Nitrophenyl)-35-chloro-3-isothiazolone
2-Chloromethyl-3-isothiazolone
2-Methoxyphenyl-4-methyl-5-chlore-3-isothiazolone
2-Morpholinomethyl-3-chloro-3-isothiazolone

S0P Nk W

—

[0150] These compounds can be synthesized referring to,
for example, the description of JP-A No. 02-278. Alterna-
tively, commercially available products such as TRIBACT-
RAN (trade name) (product of Hoechst AG) may be used.
[0151] In the present invention, the drugs having at least
one of an antifungal function, an antibacterial function and a
disinfectant function may be used individually or in combi-
nation. The amount of the drug(s) contained in the composi-
tion for forming the liquid crystal compound layer is not
particularly limited. The lower limit thereof is generally
0.01% by mass, preferably 0.001% by mass. The upper limit
thereof is generally 0.5% by mass, preferably 0.3% by mass.
When the amount of the antifungal/antibacterial/disinfectant
drug is too small, satisfactory antifungal/antibacterial/disin-
fectant effects cannot be obtained even when used in the
formation of the liquid crystal compound layer. When the
amount of the antifungal/antibacterial/disinfectant drug is too
large, the drug or other agents may precipitate during the
formation of the liquid crystal compound layer, or phase
separation may occur in the formed liquid crystal compound
layer, potentially causing optical defects such as point defects
and light scattering.

[0152] In the present invention, in order for the polarizing
layer to have high polarization degree, electron-deficient dis-
cotic compounds and electron-rich compounds (dyes) are
preferably contained in the composition used for forming the
liquid crystal compound layer in the present invention. In the
present invention, compounds described in, for example,
JP-A No. 2006-323377 may be used as the electron-deficient
discotic compounds and the electron-rich compounds.
[0153] Regarding the amount of the electron-deficient dis-
cotic compound contained in the composition used for form-
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ing the liquid crystal compound layer in the present invention,
the lower limit is generally 0.1 parts by mass, preferably 0.2
parts by mass, while the upper limit is generally 50 parts by
mass, preferably 40 parts by mass, with the total amount of
the composition being 100 parts by mass. When the amount of
the electron-deficient discotic compound is less than the
lower limit, the advantageous effects of the electron-deficient
discotic compound may not be obtained. When the amount of
the electron-deficient discotic compound is more than the
upper limit, the viscosity of the composition is disadvanta-
geously increased, potentially making it difficult to handle the
composition. Needless to say, both cases are not preferred.
[0154] The amount of the electron-rich compound (dye)
contained in the composition used for forming the liquid
crystal compound layer in the present invention is generally
50 parts by mass or less, preferably 40 parts by mass or less,
per 100 parts by mass of the total amount of the composition.
When the amount is more than the upper limit, the viscosity of
the resultant composition is increased to potentially make it
difficult to handle the composition, which is not preferred.
[0155] Ingeneral, the ratio by mass of the electron-deficient
discotic compound to the electron-rich compound is prefer-
ably in the range of 10/90 to 90/10. When the ratio deviates
this range, the effects of the electron-deficient discotic com-
pound and the electron-rich compound may not be obtained,
which is not preferred.

[Non-Liquid-Crystalline Binder Polymer]

[0156] The composition used for forming the liquid crystal
compound layer in the present invention may contain known
resins as a binder polymer. Examples of the binder polymer
include acrylic resins (e.g., polyacrylonitriles, polyacrylic
acid esters and polyacrylamides), polystyrene resins, polyvi-
nyl acetal resins (e.g., polyvinyl acetoacetals and polyvinyl
butyrals), modified cellulose resins (e.g., ethyl cellulose,
hydroxy ethyl cellulose, ethyl hydroxy cellulose, hydroxy
propyl cellulose, ethyl hydroxyethyl cellulose, methyl cellu-
lose, cellulose acetate, cellulose butyrate, cellulose acetate
propionate and cellulose nitrate), cellulose resins (e.g., nitro-
cellulose, ethyl hydroxyethyl cellulose and ethyl cellulose),
polyurethane resins, polyamide resins, polyester resins, poly-
carbonate resins, phenoxy resins, phenol resins, epoxy resins
and various elastomers. These may be used individually, or
may be mixed upon or before use or copolymerized upon or
before use.

[0157] The non-liquid-crystalline binder polymer is pref-
erably an acrylic polymer (an acrylic copolymer or a resin
containing an acrylic copolymer as a backbone. Particularly
preferably, the non-liquid-crystalline binder polymer is
soluble to an organic solvent.

[0158] The acrylic polymer may be produced by, for
example, aknown radial polymerization method. In this case,
the polymerization conditions (e.g., temperature, pressure,
the type and amount of a radical initiator used, and the type of
a solvent used) in the radical polymerization method can be
easily set by those skilled in the art, or can be set experimen-
tally.

[0159] Examples of copolymerization components of the
acrylic polymer include unsaturated carboxylic acids (e.g,,
(methacrylic acid, crotonic acid, itaconic acid, maleic acid
and fumaric acid), aromatic vinyl compounds (e.g., styrene,
a-methylstyrene, vinyltoluene, 2-vinylpyridine, 4-vinylpyri-
dine and N-vinylimidazole), (meth)acrylic acid alkyl esters
(e.g., methyl(meth)acrylate, ethyl(meth)acrylate, n-butyl
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(meth)acrylate, i-butyl(meth)acrylate, hexyl (meth)acrylate,
cyclohexyl(meth)acrylate and  dodecyl(meth)acrylate),
(meth)acrylic acid alkyl aryl esters (e.g., benzyl(meth)acry-
late), (meth)acrylic acid-substituted alkyl esters (e.g., gly-
cidyl(meth)acrylate and 2-hydroxyethyl (meth)acrylate), car-
boxylic acid vinyl esters (e.g., vinyl acetate and vinyl
propionate), vinyl cyanides (e.g., (meth)acrylonitrile and
a-chloroacrylonitrile) and aliphatic conjugated dienes (e.g.,
1,3-butadiene and isoprene), with unsaturated carboxylic
acids, aromatic vinyl compounds, (meth)acrylic alkyl esters,
(meth)acrylic alkyl aryl esters and carboxylic acid vinyl
esters being particularly preferred. Here, the term “(meth)
acrylic acid” collectively refers to acrylic acid and meth-
acrylic acid. Similarly, the term “(meth)acrylate” collectively
refers to acrylate and methacrylate.

[0160] Furthermore, preferably exemplified are acrylic
polymers containing a (meth)acryloyl group in the side chain
thereof, and acrylic graft polymers containing, as a copoly-
merization component, a macromonomer such as a polysty-
rene macromonomer, a polymethyl methacrylate mac-
romonomer, a polyethylene glycol mono(meth)acrylate,
polyethylene glycol mono(meth)acrylate and/or polyethyl-
ene glycol polyethylene glycol mono(meth)acrylate). These
may be used individually or in combination.

s Wavelength Layer

[0161] The Y4 wavelength layer is not particularly limited,
so long as it can adjust a difference in optical path between
ordinary rays and extraordinary rays to % of the wavelength
of an incident light, and may be appropriately selected
depending on the purpose.

[0162] The % wavelength layer may be a film formed by
horizontally orienting liquid crystal materials. In this film
formation, the liquid crystal materials are preferably fixed
through polymerization crosslinking or ion aggregation.
Alternatively, the 4 wavelength layer may be made of a
material having birefringence anisotropy such as a uniaxially
stretched polymer film. The polymer forming the film is not
particularly limited, and may be a polyvinyl alcohol, a poly-
carbonate, a polysulfone, a cellulose resin, a norbornene resin
or an olefin resin.

[0163] The phase difference between the fast axis and the
slow axis in the Y4 wavelength layer is not particularly limited
and may be appropriately determined depending on the
intended purpose. In the case of light having a wavelength of
548.3 nm, the phase difference is preferably within 137 nm
(i.e., A/4)£45 nm, more preferably within 137 nm=30 nm,
particularly preferably within 137 nm+15 nm.

[0164] Regarding the wavelength distribution of the 4
wavelength layer, a wavelength difference in each wave-
length is preferably 2/4. Ideally, Re (628.2) (nm) (i.e., a phase
difference at a wavelength of 628.2 nm), Re (548.3) (nm) (i.e.,
a phase difference at a wavelength of 548.3 nm) and Re
(480.4) (nm) (i.e., a phase difference at a wavelength 0f480.4
nm) meet the following equations.

Re(628.2)(nm)/Re(548.3)(nm)=1.146
Re(480.4)(nm)/Re(548.3)(nm)=0.8762

[0165] Re(628.2) (nm)/Re(548.3) (nm)is preferably 0.6 or
higher but lower than 1.6, more preferably 0.8 or higher but
lower than 1.4, particularly preferably 1.0 or higher but lower
than 1.2.
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[0166] Re(480.4) (nm)/Re (548.3) (nm)is preferably 0.4 or
higher but lower than 1.4, more preferably 0.6 or higher but
lower than 1.2, particularly preferably 0.8 or higher but lower
than 1.0.

[0167] The Y wavelength layer may also be formed by
laminating a plurality of phase difference layers. Examples of
suich phase difference layers include a phase difference layer
described in JP-A No. 2003-270435 and formed by laminat-
ing a A/2 layer on a A/4 layer to make suitable the wavelength
distribution characteristics.

[0168] The angle formed between the slow axis of the %4
wavelength layer and the transmission axis of the polarizing
layer is preferably within 45°+15°, more preferably within
45°£10°, particularly preferably within 45°+5°.

[0169] Preferred examples of the films forming the %
wavelength layer include a film formed by laminating a A/2
layer on a A/4 layer described in JP-A No. 2003-270435,
polyester films described in JP-A Nos. 2007-4143 and 2007-
112980, polycarbonate films described in JP-A No. 2005-
156685 and JP-B No. 3325560, cellulose acetate films
described in JP-A Nos. 2000-137116 and 2002-98837, and
polyester films described in JP-A Nos. 2009-86651 and 2002-
98648.

<Selective Reflection Layer>

[0170] Thecolor filter in accordance with a second embodi-
ment of the present invention has a circularly polarizing layer
and a selective reflection layer which are formed in the optical
path of white light emitted from a light-emitting display ele-
ment.

[0171] In the present invention, the selective reflection
layer (which selectively reflects a circularly polarized light)
must be adjusted and disposed so that it has a selective reflec-
tion central wavelength in response to the wavelength of color
light emitted from each pixel of the light-emitting display
element. Examples of liquid crystal phases which selectively
reflect a circularly polarized light include a chiral smectic
liquid crystal phase and a cholesteric liquid crystal phase both
of which have a helix structure. Liquid crystal compounds
showing a cholesteric liquid crystal phase or chiral smectic
liquid crystal phase can be formed by mixing a non-chiral
liquid crystal compound with a chiral compound. Alterna-
tively, these compounds are co-polymerized to form a poly-
meric liquid crystal.

[0172] The central wavelength A of the selective reflection
band depends on the pitch length P(=period of the helix) of
the helix structure of the cholesteric phase or the chiral smec-
tic phase, and satisfies the relationship A=nxP, where n
denotes an average refractive index of the selective reflection
layer. Thus, by adjusting the pitch length of the helix struc-
ture, the wavelength of light selectively reflected can be
adjusted. The pitch length depends on the type of the chiral
compound contained in the liquid crystal composition and/or
the concentration of the chiral compound contained therein.
Therefore, by appropriately selecting the chiral compound
and adjusting the concentration thereof, a desired pitch length
can be obtained. Also, regarding the half-value width of the
selective reflection band, AA depends on the pitch length P
and the birefringence An of the liquid crystal compound and
satisfies the relationship AA=AnxP. Thus, the width of the
selective reflection band can be controlled by adjusting An.
Here, An can be adjusted by appropriately selecting the type
of the liquid crystal and controlling the temperature during
fixing of oriented liquid crystal compounds.
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[0173] Next, description will be given with respect to the
material for the selective reflection layer and a method for
forming the selective reflection layer.

[0174] The selective reflection layer can be formed by fix-
ing a cholesteric liquid crystal composition containing a lig-
uid crystal compound, a chiral compound, optional other
additives (a polymerization initiator, a crosslinking agent and
a surfactant) and any other components.

Liquid Crystal Compound

[0175] The liquid crystal compound is preferably a low-
molecular-weight liquid crystal compound and a high-mo-
lecular-weight liquid crystal compound. The liquid crystal
compound is more preferably a low-molecular-weight liquid
crystal compound, since the time required for orientation is
short and highly uniform orientation can be achieved.
[0176] The liquid crystal compound preferably has a poly-
merizable group, more preferably shows a nematic phase or
chiral smectic phase. In addition, the molecular shape thereof
is preferably discotic or rod-like. In terms of productivity, the
molecular shape is more preferably rod-like. In the case
where it is important to reduce angle dependency of the width
of selective reflection, the molecular shape is more preferably
discotic. Rod-like nematic liquid crystal compounds having
no polymerizable group are described in various literatures
(forexample,Y. Gotoet. al., Mol. Cryst. Lig. Cryst. 1995, Vol.
260, pp. 23-28).

[0177] The polymerizable group is not particularly limited,
and can be introduced into a nematic liquid crystal compound
by a known method. The polymerizable group is not particu-
larly limited and may be appropriately selected depending on
the intended purpose. Examples of the polymerizable group
include an epoxy group, athioepoxy group, an oxetane group,
a thiethanyl group, an aziridinyl group, a pyrrole group, a
fumarate group, a cinnamoyl group, an isocyanate group, an
isothiocyanate group, an amino group, a hydroxyl group, a
carboxyl group, an alkoxysilyl group, a mercapto group, a
vinyl group, an allyl group, a mathacryl group and an acryl
group. These groups may be used individually or in combi-
nation.

[0178] Preferably usable discotic compounds having the
above polymerizable group(s) are described in JP-A Nos.
08-27284, 2001-100028 and 2006-76992. When two or more
polymerizable nematic liquid crystal compounds are used in
combination, precipitation of crystals can be prevented dur-
ing coating and orienting, and the temperature required for
orientation can be decreased.

Cholesteric Liquid Crystal Composition and Chiral Com-
pound

[0179] The cholesteric liquid crystal composition can be
obtained by, for example, mixing a polymerizable nematic
liquid crystal compound with a chiral compound (optically
active compound).

[0180] The chiral compound is not particularly limited and
may be known compounds (e.g., compounds described in
“Liquid Crystal Device Handbook,” Chapter 3, Section 4-3,
chira agents for TN and STN, p. 199, edited by Japan Society
for the Promotion of Science, 142 Comittee, 1989), isosor-
bide or isomannide derivatives.

[0181] The chiral compound (optically active compound)
has generally an asymmetric carbon. The chiral compound
usable contains those having no asymmetric carbon like axi-
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ally asymmetric compounds and planarily asymmetric com-
pounds. Examples of the axially asymmetric compounds and
planarily asymmetric compounds include binaphthyl, heli-
cene, paracyclophane and derivatives thereof.

[0182] The chiral compound may have a polymerizable
group. The chiral compound having a polymerizable group is
polymerized with the polymerizable nematic liquid crystal
compound, to thereby form a polymer having a nematic liquid
crystalline repeating unit and an optically active structure.
The polymerizable group of the optically active compound is
preferably similar to the polymerizable group of the polymer-
izable nematic liquid crystal compound. Therefore, the poly-
merizable group of the optically active compound is also
preferably unsaturated polymerizable groups, an epoxy
group or an aziridinyl group, more preferably unsaturated
polymerizable groups, still more preferably ethylenically
unsaturated polymerizable groups.

[0183] Thechiral agent preferably has a photoisomerizable
group, since a desired pattern of reflection wavelengths can be
formed, responding to the wavelength of light emitted from
the pixels, through one process including coating, orienting,
and irradiating with active rays through a photomask. The
photoisomerizable group is preferably isomerizable moieties
of photochromic compounds, an azo group, an azoxy group
or a cinnamoyl group. Specifically, the compounds described
in the following patent literatures can be employed: JP-A
Nos. 2002-80478, 2002-80851, 2002-179668, 2002-179669,
2002-179670, 2002-179681, 2002-179682, 2002-338575,
2002-338668, 2003-313189 and 2003-313292.

[0184] The amount of the optically active compound is
preferably 0.01 mol % to 200 mol %, more preferably 1 mol
% to 30 mol %, with respect to the amount of the polymeriz-
able nematic liquid crystal compound.

Polymerization Initiator

[0185] Thecholesteric liquid crystal composition is prefer-
ably contains a polymerization initiator for initiating poly-
merization reaction. The polymerization reaction encom-
passes thermal polymerization using a thermal
polymerization initiator and photo polymerization using a
photo polymerization initiator. Of these, photo polymeriza-
tion using a photo polymerization initiator is particularly
preferred. The photo polymerization initiator is not particu-
larly limited and may be appropriately selected depending on
the intended purpose. Examples thereof include a-carbonyl
compounds, acyloyn ethers, a-hydrocarbon-substituted aro-
matic acyloyn compounds, polynuclear compounds, combi-
nations of triaryl imidazole dimers and p-amino phenyl
ketone, oxadiazole compounds, halomethylated triazine
compounds, halomethylated oxadiazole derivatives, imida-
zole derivatives, anthraquinone derivatives, benzanthrone
derivatives, benzophenone derivatives, thioxanthone deriva-
tives, acrydine derivatives, phenadine derivatives and oxime
derivatives.

[0186] The amount of the photo polymerization initiator is
preferably 0.01% by mass to 20% by mass, more preferably
0.5% by mass to 5% by mass, with respect to the solid content
of the cholesteric liquid crystal composition.

Crosslinking Agent

[0187] Before polymerization, a crosslinking agent may
optionally be incorporated into the composition, in order for
a cured film to have improved film strength and improved
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durability. The crosslinking agent suitably usable is those
causing curing reaction by the action of UV rays, heat, mois-
ture, etc.

[0188] The crosslinking agent is not particularly limited
and may be appropriately selected depending on the intended
purpose. Examples thereof include polyfunctional acrylate
compounds (e.g., trimethylolpropane tri(meth)acrylate and
pentaerythritol tri(meth)acrylate), epoxy compounds (e.g.,
glycidyl(meth)acrylate and ethylene glycol diglycidyl
ethers), aziridine compounds (e.g., 2,2-bishydroxymethylbu-
tanol-tris|3-(1-aziridinyl)propionete] and 4,4-bis(ethylene-
iminocarbonylamino)diphenylmethane), isocyanate com-
pounds (e.g., hexamethylene diisocyanate and biuret-type
isocyanate), polyoxazoline compounds containing an 0xazo-
line group in the side chain thereof, and alkoxysilane com-
pounds (e.g., vinyltrimethoxysilane and N-(2-aminoethyl)-3-
aminopropyl trimethoxysilane). Also, in consideration of
reactivity of the crosslinking agent used, a known catalyst
may be used to improve productivity in addition to film
strength and durability. These may be used individually or in
combination.

[0189] The amount of the crosslinking agent is preferably
3% by mass to 20% by mass, more preferably 5% by mass to
15% by mass. When the amount of the crosslinking agent is
less than 3% by mass, the crosslinking density may not be
improved. When the amount of the crosslinking agent is more
than 20% by mass, the stability of the formed selective reflec-
tion layer may be decreased.

Surfactant

[0190] A surfactant canbeused to adjust the surface tension
of a coating film obtained by coating a base film with a
cholesteric liquid crystal composition containing the above
polymerization initiator and the liquid crystal compound. As
a result, a layer having a uniform thickness can be obtained.
[0191] The surfactant usable may be appropriately selected
from those which do not impede orientation.

[0192] The surfactant suitably usable is, for example, non-
ionic surfactants containing siloxane and/or a fluorinated
alkyl group as a hydrophobic moiety. The surfactant particu-
larly suitably usable is oligomers having two or more hydro-
phobic moieties in one molecule thereof.

[0193] Thesurfactant may be commercially available prod-
ucts. Examples thereof include PF-151N, PF-636, PF-6320,
PF-656, PF-6520, PF-3320, PF-651 and PF-652 (PolyFox)
(these products are of OMNOVA Co.), FTX-209F, FTX-
208G and FTX-204D (Ftergent) (these products are of NEOS
CO.,LTD.) and KH-40 (Surflon) (product of SEIMI CHEMI-
CAL CO. LTD.). Other surfactants suitably usable are fluo-
ride compounds described in paragraph [0087] of JP-A No.
2002-341126, and paragraphs [0064] to [0080] and [0092] to
[0096] of JP-A No. 2005-99248.

[0194] The amount of the surfactant contained in the selec-
tive reflection layer is preferably 0.01% by mass to 1% by
mass. When the amount of the surfactant is less than 0.01% by
mass, the surface tension at the interface defined by air is not
sufficiently decreased, potentially causing unfavorable orien-
tation. When the amount of the surfactant is more than 1% by
mass, the excessive surfactant form an ununiform structure at
the side of the interface defined by air, potentially degrading
uniform orientation.

Method for Producing Selective Reflection Layer

[0195] In a method for producing the selective reflection
layer, the above polymerizable liquid crystal compound, the
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above polymerization initiator, the above chiral agent (op-
tionally used), the above surfactant (optionally used), etc. are
dissolved in a solvent to prepare a cholesteric liquid crystal
composition; the thus-prepared cholesteric liquid crystal
composition is applied onto a horizontally orientation film on
a substrate, followed by drying; and the resultant coating film
is irradiated with active rays for polymerizing the cholesteric
liquid crystal composition, to thereby form a selective reflec-
tion layer in which the cholesteric liquid crystals are orderly
oriented and fixed.

[0196] Inthe above method, irradiation of the active rays is
performed through a photomask, and then the uncured por-
tions of the resultant coating film on the substrate are washed
(removed) with a solvent, whereby the selective reflection
layer can be formed at desired positions only. This treatment
is repeated in red, green and blue pixels, to thereby form a
selective reflection layer responding to the wavelength of
light emitted from each pixel.

Solvent

[0197] Thesolventused for preparing the above cholesteric
liquid crystal composition is not particularly limited and may
be appropriately selected depending on the intended purpose.
Organic solvents are preferably used.

[0198] Theorganic solvents are not particularly limited and
may be appropriately selected depending on the intended
purpose. Examples thereof include ketones, alkyl halides,
amides, sulfoxides, heterocyclic compounds, hydrocarbons,
esters and ethers. These solvents may be used individually or
in combination. Among them, ketones are particularly pre-
ferred in consideration of environmental loads.

Horizontally Orienting Film

[0199] The horizontally orienting film may be formed by,
for example, rubbing treatment of an organic compound or
polymer (resins such as polyimides, polyvinyl alcohols, poly-
esters, polyarylates, polyamide-imides, polyetherimides,
polyamides and modified polyamides), oblique deposition of
an inorganic compound, formation of a layer having micro-
grooves, or accumulation of organic compounds (e.g., w-tri-
cosanoic acid, dioctadecylmethyl ammonium chloride and
methyl stearate) by the Langmuir-Blodgett method (LB film).
Furthermore, some known orienting films exhibit an orienta-
tion function through the application of an electrical or mag-
netic field, or through light irradiation. Among others, pat-
ticularly preferred are orienting films formed by rubbing a
polymer. The rubbing treatment can be performed by rubbing
paper or cloth several times against a surface of a polymer
layer in a certain direction.

Coating

[0200] The coating method for coating the orienting film
with the cholesteric liquid crystal composition is not particu-
larly limited and may be appropriately selected depending on
the intended purpose. Examples thereof include a curtain
coating method, an extrusion coating method, a direct gravure
coating method, a die coating method, a spin coating method,
a dip coating method, a spray coating method and a slide
coating method. In one alternative method, a separately pro-
vided support is coated with the cholesteric liquid crystal
composition, and the obtained coating is transferred onto the
orienting film. The coated cholesteric liquid crystal compo-
sition is heated to orient the liquid crystal compounds. The
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heating temperature is preferably 200° C. or lower, more
preferably 130° C. or lower. In an optical thin film obtained
through this orienting treatment, rod-like polymerizable
nematic liquid crystal compounds are twisted (oriented) so as
to have a helix axis substantially perpendicular to a surface of
the optical thin film.

Fixing

[0201] The oriented rod-like polymerizable nematic liquid
crystal compounds are further polymerized. The polymeriza-
tion is preferably photo polymerization through light irradia-
tion, rather than thermal polymerization. The light irradiation
is preferably UV ray irradiation. The dose of energy is pref-
erably 20 mJ/cm? to 50 J/cm?, more preferably 100 mJ/em? to
1,500 mJ/cm?. For promoting photo polymerization reaction,
the light irradiation may be performed under heating and/or in
a nitrogen atmosphere. The wavelength of the UV light irra-
diated is preferably 350 nm to 430 nm. The polymerization
rate is preferably higher; i.e., 70% or higher, more preferably
80% or higher in terms of stability of the resultant product.

[0202] The polymerization rate can be determined by mea-
suring the ratio of the polymerizable functional groups con-
sumed using an IR absorption spectrum.

[0203] The thickness of the selective reflection layer (cho-
lesteric oriented optical thin film) is preferably 0.1 um to 50
pm, more preferably 0.5 um to 10 pm, still more preferably
1.5 pmto 7 pm.

Patterning Method

[0204] By patterning the selective reflection layer whose
selective reflection wavelength is adjusted in response to the
wavelength of light emitted from each pixel in a display
device, light-extraction efficiency can be further increased.

[0205] Examples of the patterning method include a
method including developing with a solvent, a method using
the above photoisomerizable chiral agent (JP-A No. 2001-
159706), a method in which liquid crystal compounds are
oriented/fixed in advance in a selective reflection layer, which
is then transferred by a laser or a thermal head (JP-A Nos.
2001-4822 and 2001-4824), an inkjet method (JP-A No.
2001-159709), and a method utilizing the temperature depen-
dency of the helix pitch of cholesteric liquid crystal com-
pounds (JP-A No. 2001-159708). Using these methods, the
composition is directly applied onto a substrate of a display
device, followed by patterning. Alternatively, a selective
reflection layer is formed and patterned on a separately pro-
vided support, and then is transferred in a display device.

Orientation Control and Scattering Control

[0206] By imparting a light scattering property to the selec-
tive reflection layer, the viewing angle of the display device
can be enlarged or the light-extraction efficiency can be
improved depending on the position at which the selective
reflection layer is provided.

[0207] Examples of the method for imparting a light scat-
tering property to the selective reflection layer include
decreasing the temperature at which the oriented liquid crys-
tal compounds are matured, shortening the time for maturing
the oriented liquid crystal compounds, decreasing the con-
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centration of a surface tension agent, using an orienting film
undergone no rubbing, and using no orienting film.

<Filter Layer>

[0208] The color filter of the present invention includes a
filter layer 18 which transmits light having a desired wave-
length among lights emitted from the light-emitting display
element. The shape of the filter layer 18 may be appropriately
selected depending on the shape of the color filter. The struc-
ture of the filter layer 18 may be appropriately selected
depending on the intended purpose, so long as the filter layer
can transmit white light emitted from the light-emitting dis-
play element and emit light having a desired wavelength
among lights emitted from the light-emitting display element.
The filter layer may have a white filter portion 18w which
transmits white light emitted from the light-emitting display
element. The filter layer 18 may additionally have a blue filter
portion 185, a green filter portion 18g and a red filter portion
18»which respectively transmit blue light, green light and red
light among lights emitted from the light-emitting display
element.

<Other Members>
<<Support>>

[0209] The color filter of the present invention may have a
support for the purpose of increasing the strength of the color
filter. The support is not particularly limited, so long as it does
not adversely affect the optical characteristics of the color
filter. The support may be, for example, a transparent support
which is optically inactive. Also, the support may be those
having the functions of the above-described 4 wavelength
layer, in order for the support to change a linearly polarized
light to a circularly polarized light. Use of such a support can
simplify the structure of the color filter.

[0210] The material for the support may be appropriately
selected depending on the above purpose. Examples thereof
include inorganic materials such as glass and metal oxides;
and organic materials excellent in resistance to an organic
solvent, such as polyesters (e.g., polyethylene terephthalates
and polyethylene naphthalates), polyolefins (e.g., polyethyl-
enes and polypropylenes), polyamides, polyethers, polysty-
renes, polyesteramides, polycarbonates, polyphenylene sul-
fides, polyether esters, polyvinyl chlorides, polyacrylic acid
esters, polymethacrylic acid esters, polyether ketones and
polyethylene fluorides. The thickness of the support is not
particularly limited, so long as the support has a commonly
used thickness, and may be appropriately determined
depending on the intended purpose. For example, the thick-
ness thereof is preferably 10 um to 1 cm.

<<Layer Formed by Curing Transparent Resin (Transparent-
Resin-Cured Layer)>>

[0211] In the present invention, in order to impart physical
strength, durability or optical characteristics to the polarizing
layer, a transparent-resin-cured layer is preferably formed on
a surface of the polarizing layer. The thickness of the trans-
parent-resin-cured layer is preferably 1 um to 30 um, more
preferably 1 pm to 10 pm.

[0212] As described below, the transparent-resin-cured
layer is preferably formed through polymerization reaction or
crosslinking reaction of an ionizing radiation curable com-
pound. The transparent-resin-cured layer in the present inven-
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tion can be formed as follows. Specifically, a surface of the
polarizing layer is coated with a coating composition contain-
ing an ionizing radiation curable polyfunctional monomer or
oligomer, and the polyfunctional monomer or oligomer is
crosslinked or polymerized.

[0213] The ionizing radiation curable polyfunctional
monomer or oligomer preferably contains a functional group
which is polymerizable with light, electron beams or radia-
tion. In particular, the ionizing radiation curable polyfunc-
tional monomer or oligomer contains a photo-polymerizable
functional group.

[0214] Examples of the photo-polymerizable functional
group include unsaturated polymerizable functional groups
such as a (meth)acryloyl group, a vinyl group, a styryl group
and allyl group, with a (meth)acryloyl group being preferred.
Also, inorganic microparticles may be incorporated into the
ionizing radiation curable polyfunctional monomer or oligo-
met.

[0215] Specific examples of the photo-polymerizable poly-
functional monomer having a photo-polymerizable func-
tional group include (meth)acrylic acid diesters of alkylene
glycols, such as neopentyl glycol acrylate, 1,6-hexanediol
(meth)acrylate and propylene glycol di(meth)acrylate;
(meth)acrylic acid diesters of polyoxyalkylene glycols, such
as triethylene glycol di(meth)acrylate, dipropylene glycol
di(meth)acrylate, polyethylene glycol di(meth)acrylate and
polyethylene glycol di(meth)acrylate; (meth)acrylic acid
diesters of polyhydric alcohols, such as pentaerythritol
di(meth)acrylate; and (meth)acrylic acid diesters of ethylene
or propylene oxide adducts, such as 2,2-bis{4-(acryloxy-di-
ethoxy)phenyl }propane and 2-2-bis{4-(acryloxy-polypro-
poxy)phenyl }propane.

[0216] In addition, epoxy(meth)acrylates, urethane (meth)
acrylates and polyester (meth)acrylates are exemplified as
preferred photo-polymerizable polyfunctional monomers.
Among them, esters of polyhydric alcohols and (meth)acrylic
acid are preferred. More preferred are polyfunctional mono-
mers having three or more (meth)acryloly groups in one
molecule thereof. Specific examples thereof include trim-
ethylolpropane tri(meth)acrylate, trimethylolethane tri
(meth)acrylate, 1,2,4-cyclohexane tetra(meth)acrylate,
pentaglycerol triacrylate, pentaerythritol tetra(meth)acrylate,
pentaerythritol tri(meth)acrylate, dipentaerythritol triacry-
late, dipentaerythritol pentaacrylate, dipentaerythritol tetra
(meth)acrylate, dipentaerythritol hexa(meth)acrylate, tripen-
taerythritol triacrylate and tripentaerythritol hexatriacrylate.
The polyfunctional monomers may be used in combination.

[Polymerization Initiator]

[0217] The polymerization initiator used for forming the
above transparent-resin-cured layer is preferably a photo-
polymerization initiator. The photo-polymerization initiator
is preferably a photo-radical polymerization initiator and a
photo-cation polymerization initiator, more preferably a
photo-radical polymerization initiator.

[0218] Examples of the photo-radical polymerization ini-
tiator include acetophenones, benzophenones, Michler’s ben-
zoyl benzoate, o-amyloxime ester, tetramethylthiuram
monosulfide and thioxanthone.

[0219] Examples of commercially available photo-radical
polymerization initiators include KAYACURE (DETX-S,
BP-100, BDMK, CTX, BMS, 2-EAQ, ABQ, CPTX, EPD,
ITX, QTX, BTC, MCA, etc. (trade name)) (product of NIP-
PON KAYAKU Co., Ltd.), Irgacure (651, 184, 127, 500, 907,
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369, 1173, 2959, 4265, 4263, etc. (trade name)) (product of
Ciba Specialty Chemicals Co., Ltd.) and Esacure (KIP100F,
KBI1, EB3, BP, X33, KT046, KT37, KIP150, TZT, etc. (trade
name)) (product of Sartomer Company Inc.).

[0220] In particular, a photo-cleavable photo-radical poly-
merization initiator is preferred. The photo-cleavable photo-
radical polymerization initiator is described in “SAISHIN
UV KOUKA GIJUTSU (New UV Curing Technology)” (p.
159, Kazuhiro TAKABO in 1991; published from Technical
Information Institute Co., Litd.).

[0221] Examples of commercially available photo-cleav-
able photo-radical polymerization initiator include Irgacure
(651,184,127 and 907 (trade name)) of Ciba Specialty
Chemicals Co., Ltd.

[0222] The amount of the photo-polymerization initiator
used is preferably 0.1 parts by mass to 15 parts by mass, more
preferably 1 part by mass to 10 parts by mass, per 100 parts by
mass of the curable resin used for forming the transparent-
resin-cured layer.

[0223] In addition to the photo-polymerization initiator, a
photosensitizer may be used. Examples of the photosensitizer
include n-butylamine, triethylamine, tri-n-butylphosphine,
Michler’s ketone and thioxathone. Examples of commer-
cially available photosensitizers include KAYACURE
(DMBI and EPA (trade name)) of NIPPON KAYAKU Co.,
Ltd.

[0224] The photo-polymerization reaction (curing reac-
tion) is preferably performed using UV rays after a high-
refractive-index layer has been formed and dried.

[0225] In order to impart brittleness to the transparent-
resin-cured layer, an oligomer or polymer having a weight
average molecular weight of 500 or higher, or both of the
oligomer and the polymer may be added to the transparent-
resin-cured layer.

[0226] The oligomer or polymer is not particularly limited
and may be appropriately selected depending on the intended
purpose. Examples thereof include (meth)acrylate-based
polymers, cellulose-based polymers, styrene-based poly-
mers, urethane acrylates and polyester acrylates. Preferred
are poly(glycidyl(meth)acrylates) and poly(allyl(meth)acry-
lates) each having a functional group in the side chain thereof.
[0227] The total amount of the oligomer and polymer con-
tained in the transparent-resin-cured layer is preferably 5%
by mass to 80% by mass, more preferably 25% by mass to
70% by mass, still more preferably 35% by mass to 65% by
mass, with respect to the total mass of the layer.

[0228] The strength of the transparent-resin-cured layer is
preferably H or harder as measured by the pencil hardness test
according to JIS K5400, more preferably 2H or harder, most
preferably 3H or harder. Also, the abrasion amount of a test
piece of the transparent-resin-cured layer is preferably
smaller after the taber test according to JIS K5400.

[0229] When the transparent-resin-cured layer is formed
through crosslinking reaction or polymerization reaction of
the ionizing radiation curable compound, the crosslinking
reaction or polymerization reaction is preferably performed
in an atmosphere whose oxygen concentration is 10% by
volume or lower. By forming the transparent-resin-cured
layer in an atmosphere whose oxygen concentration is 10%
by volume or lower, the formed transparent-resin-cured layer
has excellent physical strength and durability, which is pre-
ferred.

[0230] The crosslinking reaction or polymerization reac-
tion of the ionizing radiation curable compound is preferably
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performed in an atmosphere whose oxygen concentration is
6% by volume or lower, more preferably 4% by volume or
lower, particularly preferably 2% by volume or lower, most
preferably 1% by volume or lower.

[0231] The method for adjusting the oxygen concentration
to 10% by volume or lower is preferably substituting the
atmosphere (nitrogen concentration: about 79% by volume,
oxygen concentration: about 21% by volume) with another
gas, particularly preferably with nitrogen (nitrogen purging).
[0232] The transparent-resin-cured layer is preferably
formed by coating a surface of a light-absorbable anisotropic
layer with a coating composition for forming the transparent-
resin-cured layer.

[0233]  Also, functions such as optical anisotropy (e.g., A/4)
may be newly imparted to the transparent-resin-cured layer.

Production Method of Color Filter

[0234] A method for producing the color filter is not par-
ticularly limited, so long as the method can produce a color
filter having the above-described structure, and may be appro-
priately selected depending on the intended purpose. In one
employable method, as illustrated in FIGS. 5 and 6, the Y4
wavelength layer 14 is laminated on the filter layer 18 on the
support 22 or laminated on the support 22 on the filter layer
18, which is composed of the white filter portion 18w, the red
filter portion 187, the green filter portion 18g and the blue
filter portion 185, and then the polarizing layer 12 is properly
laminated only in the optical path through which white light
travels. In another employable method, as illustrated in FIG.
7, the /4 wavelength layer 14 is laminated on the filter layer
18, and then the polarizing layer 12 is properly laminated only
in the optical path through which white light travels. In still
another employable method, as illustrated in FIGS. 8 and 9,
the Y4 wavelength layer 14 and the polarizing layer 12 are
laminated on the filter layer 18 on the support 22 or the
support 22 onthe filter layer 18 so that these layers are formed
only in the optical path through which white light travels. In
yet another employable method, the support 22, the 4 wave-
length layer 14 and the filter layer 18 are laminated, and then
the polarizing layer 12 is formed only in the optical path
through which white light travels.

[0235] The proper method for laminating the polarizing
layer 12 and/or the 4 wavelength layer 14 is not particularly
limited, so long as the above-described layer structure can be
obtained, and may be appropriately selected depending on the
intended purpose. In one employable method, the polarizing
layer 12 and/or the ¥4 wavelength layer 14 is cut so as to have
such a slit shape that is disposed in the optical path of white
light emitted from the light-emitting display element, and
then the patterned layeris disposed in the optical path of white
light emitted from the light-emitting display element. In
another employable method, the polarizing layer 12 and/or
the ¥4 wavelength layer 14 is patterned so as to have such a
shape that is disposed in the optical path of white light emitted
from the light-emitting display element, and then the cut layer
is disposed in the optical path of white light. In still another
employable method, the polarizing layer 12 and/or the Y4
wavelength layer 14 is disposed by an imprint method
through patterning using a wire grid. In yet another employ-
able method, an orientation layer is disposed at a position
where the polarizing layer 12 and/or the ¥4 wavelength layer
14 is to be formed, and a dichroic dye or other materials for
the polarizing layer 12 and/or the ¥4 wavelength layer 14 is
applied to the orientation layer by, for example, an inkjet
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method. In even another employable method, a photo-orient-
able orientation film is provided at a position corresponding
to the white filter portion 18w of the filter layer 18, followed
by photo-orientating, and liquid crystal materials are directly
injected and oriented so as to have properties of the polarizing
layer 12 and/or the Y4 wavelength layer 14.

Method for Forming Orientation Layer

[0236] The method for forming the orientation layer is not
particularly limited, so long as a desired orientation can be
given to the liquid crystal compound layer containing the
liquid crystal compounds, and may be appropriately selected
depending on the intended purpose. The orientation layer can
be formed by, for example, rubbing treatment of an organic
compound (preferably a polymer), oblique deposition of an
inorganic compound, formation of a layer having micro-
grooves, or accumulation of organic compounds (e.g., w-tri-
cosanoic acid, dioctadecylmethyl ammonium chloride and
methyl stearate) by the Langmuir-Blodgett method (LB film).
Alternatively, the orientation layer may be treated through the
application of an electrical or magnetic field, or through light
irradiation so as to have an orientation function. In particular,
in the present invention, from the viewpoint of easily control-
ling the pretilt angle of the orientation layer, the orientation
layer is preferably formed through rubbing treatment. Mean-
while, from the viewpoint of obtaining uniform orientation,
the orientation layer is preferably a photo-orientable orienta-
tion layer formed through light irradiation. In general, the
rubbing treatment can be performed by rubbing paper or cloth
against a surface of a polymer layer several times in a certain
direction. In particular, in the present invention, the rubbing
treatment is preferably performed by the method described in
“Handbook of Liquid Crystals” (published by Maruzen Com-
pany, Limited, Oct. 30, 2000).

[0237] The thickness of the orientation layer is preferably
0.01 pm to 10 pm, more preferably 0.01 pm to 1 pum.

Production Method for Polarizing Layer (Part 1)

[0238] The production method for the polarizing layer in
the present invention is not particularly limited, so long as the
above-described structure can be obtained, and may be appro-
priately selected depending on the intended purpose. In par-
ticular, the production method may include the following
steps [1] to [3].

[1] Rubbing and light-irradiating a substrate or color filter
directly, or an orientation layer formed on the substrate or
color filter (hereinafter this step is referred to as an “orienta-
tion layer treatment step™)

[2] Coating the substrate, color filter or orientation layer with
a liquid crystal compound layer-forming composition pre-
pared using an organic solvent (hereinafter this step is
referred to as a “coating step”)

[3] Evaporating the organic solvent to orient the liquid crystal
compounds, to thereby form a polarizing layer containing the
orientation layer and the liquid crystal compound layer (here-
inafter this step is referred to as a “dry orientation step™)
[0239] Referring now to steps [1] to [3], the production
method for the polarizing layer will be described.

[1] Orientation Layer Treatment Step

[0240] The orientation layer treatment step is a step of
rubbing and light-irradiating a substrate or color filter
directly, or rubbing and light-irradiating an orientation layer
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formed on the substrate or color filter. In this step, the rubbing
treatment, to which the substrate, color filter or orientation
layer formed on the substrate is subjected, is a treatment
including rubbing buff such as dry cotton against a surface of
the substrate, etc. in a certain direction to form parallel fine
grooves in that direction, and applying dyes onto the rubbed
surface (oriented grooves) to finally adsorb the dyes on the
surface at the oriented state.

[0241] The rubbing density can be changed by the method
described in “Handbook of Liquid Crystals™ (published by
Maruzen Company, Limited). The rubbing density (L) is cal-
culated by the following equation (A).

L=N1(142nrn/60v)

[0242] InEquation (A), N denotes the number of rubbing, 1
denotes the contact length of a rubbing roller, r denotes the
radius of the roller, n denotes the number of rotation of the
roller (rpm) and v denotes the moving speed of a stage (per
second).

[0243] The rubbing density can be increased by increasing
the number of rubbing, the contact length of a rubbing roller,
the radius of the roller or the number of rotation of the roller
or by decreasing the moving speed of a stage. While, the
rubbing density can be decreased by decreasing the number
of rubbing, the contact length of a rubbing roller, the radius of
the roller or the number of rotation of the roller or by increas-
ing the moving speed of a stage.

[0244] Regarding the relationship between the rubbing
density and the pretilt angle of the orientation layer, the pretilt
angle becomes smaller with increasing of the rubbing density,
while the pretilt angle becomes greater with decreasing of the
rubbing density.

[0245]  Also, in the light irradiation of this step, the photo-
orientable layer formed on the substrate or color filter is
irradiated with a linearly polarized light or non-polarized
light to produce a photo-orientation layer.

[0246] The irradiation of the linearly polarized light is per-
formed to cause light reaction in the photo-orientable mate-
rial. The wavelength of light used depends on the type of the
photo-orientable material used, and is not particularly limited
so long as the wavelength is sufficient to cause the light
reaction. Preferably, the light used for light irradiation has a
peak wavelength of 200 nm to 700 nm. More preferably, the
light is ultraviolet light having a peak wavelength of 400 nm
or lower.

[0247] The light source used for light irradiation is not
particularly limited and may be appropriately selected
depending on the intended purpose. Examples thereof
include commonly used light sources such as lamps (e.g.,
tungsten lamps, halogen lamps, xenon lamps, xenon flash
lamps, mercury lamps, mercury xenon lamps and carbon arc
lamps), various lasers (e.g., laser diodes, helium-neon lasers,
argon ion lasers, helium cadmium lasers and YAG lasers),
light-emitting diodes and cathode-ray tubes.

[0248] Examples of the method usable for obtaining a lin-
early polarized light include a method of using a polarizing
plate (e.g., an iodine polarizing plate, a dichroic dye polariz-
ing plate and a wire grid polarizing plate), a method of using
a prism device (for example, a Glan-Thomson prism) or a
reflection-type polarizing layer utilizing Brewster angle, and
amethod of using a light emitted from a laser light source and
having polarization. Further, the photo-orientable layer may
be selectively irradiated with only a light having a necessary
wavelength using a filter or awavelength-converting element.

Equation (A)
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[0249] When a linearly polarized light is employed, the
orientable layer may be irradiated with the light from either
the upper or rear surface either perpendicularly or at an
oblique angle. The incident angle of the light varies depend-
ing on the type of the photo-orientable material. For example,
the incident angle is preferably 0° to 90° (vertical), more
preferably 40° to 90°. When a non-polarized light is
employed, the orientation layer is irradiated with the light at
an oblique angle. In this case, the incident angle of the light is
preferably 10° to 80°, preferably 20° to 60°, particularly
preferably 30° to 50°. The irradiation time is preferably 1 min
to 60 min, more preferably 1 min to 10 min.

[0250] If necessary, the orientation layer can be patterned
by performing light irradiation necessary times for patterning
or by laser scanning for writing of the pattern.

[2] Coating Step

[0251] The coating step is a step of coating the oriented
substrate, color filter or orientation layer with a liquid crystal
compound layer-forming composition prepared using an
organic solvent.

[Coating Solvent]

[0252] The liquid crystal compound layer in the present
invention is formed using a coating liquid of the composition
used for forming the liquid crystal compound layer. The sol-
vent used for preparing the coating liquid is preferably an
organic solvent. Examples of the organic solvent include
amides (e.g., N,N-dimethylformamide), sulfoxides (e.g.,
dimethylsulfoxide), heterocyclic compounds (e.g., pyridine),
hydrocarbons (e.g., benzene, toluene and hexane), alkyl
halides (e.g., chloroform and dichloromethane), esters (e.g.,
methyl acetate and butyl acetate), ketones (e.g., acetone and
methyl ethyl ketone) and ethers (e.g., tetrahydrofuran and
1,2-dimethoxyethane), with hydrocarbons, alkyl halides and
ketones being preferred. These organic solvents may be used
in combination.

[Coating Method]

[0253] The liquid crystal compound layer in the present
invention is preferably formed by a wet film forming method.
Specific examples of the wet film forming method include
known methods described in, for example, “Coating Engi-
neering” (edited by Yuuji Harasaki, published from Asakura
Publishing Co., Ltd., Mar. 20, 1971, pp. 253 to 277), and
“Bunshi Kyoucho Zairyo no Sousei to Ouyo (Creation and
Application of Molecular Collaborative Materials)” (under
the editorship of Kunihiro Ichimura, published from CMC
Publishing Co., Ltd, Mar. 3, 1998, pp. 118 to 149). Alterna-
tively, the coating liquid of the composition, which is used for
forming the liquid crystal compound layer on a surface of the
oriented substrate or orientation layer, may be applied by a
commonly used method such as a spin coating method, a
spray coating method, a slit coating method, a slit and spin
method, a wire bar coating method, a roll coating method, a
blade coating method, a free pass coating method, an extru-
sion method, a direct gravure coating method, a reverse gra-
vure coating method, a die coating method or an inkjet
method. Among them, in the present invention, a slit coating
and an inkjet coating are preferred from the viewpoints of
performing uniform orientation and increasing use efficiency
of the composition.
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[0254] The temperature at which the coating is performed
is not particularly limited and may be appropriately detet-
mined depending on the intended purpose. The temperature is
preferably 0° to 80°. The humidity is preferably about 10%
RH to about 80% RH.

[0255] When the composition for forming the liquid crystal
compound layer is applied onto a substrate by a wet film
forming method, the substrate may be heated or cooled. Pref-
erably, the temperature of the substrate is adjusted to 10° C. to
60° C. When the temperature is higher than the upper limit,
the orientation of the liquid crystal compounds may be dis-
turbed before drying under reduced pressure (described
below indetail). When the temperature is lower than the lower
limit, liquid droplets are formed on the substrate surface to
impede coating potentially. The substrate may be heated in
drying, under reduced pressure, the liquid crystal compound
layer formed by the wet film forming method. In this case, the
temperature of the substrate is preferably adjusted to 60° C. or
lower. When the temperature is higher than the upper limit,
the orientation of the liquid crystal compounds may be dis-
turbed before drying under reduced pressure.

[0256] In the present invention, the liquid crystal com-
pound layer may be formed by coating the unidirectionally-
oriented substrate or orientation layer with the composition
for forming the liquid crystal compound layer in a direction
which is not parallel to the orientation direction of the sub-
strate or orientation layer. Preferably, the composition for
forming the liquid crystal compound layer is coated in a
direction which is substantially parallel to a side of the sub-
strate. As a result, the formed liquid crystal compound layer
can have no defects in orientation and have high polarization
degree. In addition, the productivity becomes high, since it is
not necessary to cut out the substrate so as to obtain pieces
having necessary polarization angles after the coating of the
composition for forming the liquid crystal compound layer.

[3] Dry Orientation Step

[0257] The dry orientation step is a step of depositing the
organic solvent (which is contained in the composition for
forming the liquid crystal compound layer) to orient the lig-
uid crystal compounds, to thereby form a polarizing layer
containing the orientation layer and the liquid crystal com-
pound layer. In this step, the temperature at which drying is
performed is not particularly limited and may be appropri-
ately determined depending on the intended purpose. Prefer-
ably, the coated product is naturally dried at room tempera-
ture. Also, preferably, the orientation state of the liquid crystal
compounds coated is not disturbed (to avoid thermal relax-
ation). Notably, preferably, the solvent is evaporated by
reduced pressure treatment and drying is performed at lower
temperatures.

[0258] Here, the reduced pressure treatment is a treatment
in which a substrate on which a coating liquid (coated film of
the liquid crystal compound layer) has been applied is placed
under reduced pressure to remove/evaporate the solvent
thereof. In this treatment, the substrate, having the coated film
of the liquid crystal compound layer, is preferably horizon-
tally placed so that the coating liquid does not flow from
higher portions to lower portions.

[0259] After coating, the interval between the reduced pres-
sure treatment and the coating of the coating liquid for the
liquid crystal compound layer is preferably shorter. Specifi-
cally, the interval is preferably 1 sec to 30 sec.
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[0260] The reduced pressure treatment is performed, for
example, as follows. Specifically, a coated film, which has
been formed by coating a coating liquid of the liquid crystal
compound layer, and a substrate, on which the coating liquid
has been applied, are placed in an apparatus for reduced
pressure treatment, followed by treating under reduced pres-
sure. The apparatus for reduced pressure treatment may be for
example, apparatuses illustrated in FIGS. 9 and 10 of JP-A
No. 2006-201759. The apparatus for reduced pressure treat-
ment is described in detail in JP-A No. 2004-169975.

[0261] Regarding the conditions for reduced pressure treat-
ment, the upper limit of the pressure of the system in which
the film of the polarizing layer is present is preferably 2x10*
Pa, more preferably 1x10* Pa, particularly preferably 1x10°
Pa. Also, the lower limit of the pressure of the system is
preferably 1 Pa, more preferably 1x10* Pa. In general, pref-
erably, the pressure of the system finally reaches the above-
described value. When the pressure is higher than the upper
limit, the film cannot be dried to potentially disturb orienta-
tion. When the pressure is lower than the lower limit, the film
is dried too rapidly to potentially cause defects.

[0262] The time for reduced pressure treatment is prefer-
ably 5 sec to 180 sec. When the time is longer than the upper
limit, the coated film of the liquid crystal compound layer
cannot be dried rapidly before relaxation of the orientation,
potentially disturbing the orientation. When the time is
shorter than the lower limit, the coated film of the liquid
crystal compound layer cannot be dried to potentially disturb
the orientation.

[0263] The temperature of the system at the reduced pres-
sure treatment is preferably 10° C. to 60° C. When the tem-
perature is higher than the upper limit, convection occurs
during drying to potentially form an ununiform coated film of
the liquid crystal compound layer. When the temperature is
lower than the lower limit, the coated film cannot be dried to
potentially disturb the orientation.

[0264] When the dye composition is oriented after drying,
the substrate may be heated to promote the orientation. In this
case, the temperature of the substrate is preferably 50° C. to
200° C., particularly preferably 70° C. to 180° C. To decrease
the temperature at which the orientation is performed, an
additive such as a plasticizer may be added to the dye com-
position optionally.

[Orientation and Curing)

[0265] When the liquid crystal compound layer is formed
from the composition for forming the liquid crystal com-
pound layer, preferably, the liquid crystal compounds are
oriented and then polymerized/cured through light irradiation
(preferably UV ray irradiation), heating or both light irradia-
tion and heating.

[0266] Through the above procedure, the polarizing layer
in the present invention, containing the orientation layer and
the liquid crystal compound layer, can be formed. In addition,
the polarizing layer may be provided with a transparent-resin-
cured layer, an adhesive layer, an anti-reflection layer, etc.

Production Method of Polarizing Layer (Part 2)

[0267] The production method of the polarizing layer is not
particularly limited and may be appropriately selected
depending on the intended purpose. In addition to the above-
described method including the orientation layer treatment
step, coating step and dry orientation step, the polarizing
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layer may be formed directly on a predetermined surface such
as a color filter substrate, or a transfer material having the
polarizing layer may be transferred onto a predetermined
position of the color filter. In particular, when the polarizing
layer is formed using the transfer material, the number of
necessary steps can be reduced to simplify fabrication of a
display device with good display performances.

[0268] The method for transferring the transfer material
onto a predetermined position of the color filter is not par-
ticularly limited and may be appropriately selected depend-
ing on the intended purpose. For example, the below-de-
scribed photosensitive layer surface of the below-described
transfer material formed into a film may be attached to the
substrate through bonding (under heating) with a laminater or
aheated and/or pressurized roller or plate. Specifically exem-
plified are laminaters or laminating methods described in
JP-A Nos. 07-110575, 11-77942, 2000-334836 and 2002-
148794. From the viewpoint of reducing the amount of for-
eign matter, the method described in JP-A No. 07-110575 1s
preferably employed. After laminating, the support of the
transfer material may be peeled off, and other layers (e.g., an
electrode layer) may be formed on the exposed surface of the
polarizing layer film.

[0269] The material onto which the transfer material is to
be transferred is not particularly limited and may be appro-
priately selected depending on the intended purpose.
Examples thereof include a transparent substrate, known
glass plates (e.g., a soda glass plate having a silicon oxide film
on a surface thereof, a low-expandable glass plate, a non-
alkaline glass plate and a quartz glass plate) and plastic films.
The material onto which the transfer material is to be trans-
ferred may be a transparent substrate having a color filter or
other layers. Also, when the material onto which the transfer
material is to be transferred is subjected to coupling treatment
in advance, the adhesiveness of the material onto the photo-
sensitive resin layer can be increased. The coupling agents
suitably usable are described in JP-A No. 2000-39033.

[0270] Notably, anadhesive layer may be formed not on the
polarizing layer but the material onto which the transfer mate-
rial is to be transferred.

[Transfer Material]

[0271] The transfer material usable in the above-described
transfer method is not particularly limited, so long as the
polarizing layer or both the polarizing layer and the selective
reflection layer can be formed, and may be appropriately
selected depending on the intended purpose. For example, the
transfer material contains at least a transfer support and the
polarizing layer or both the polarizing layer and the selective
reflection layer. Preferably, the transfer material additionally
contains at least one photosensitive resin layer laminated on
the polarizing layer. Even when the transfer material does not
undergo patterning and relevant steps, provision of the pho-
tosensitive resin layer is useful since the photosensitive layer
facilitates transfer of the polarizing layer. Between the sup-
port and the polarizing layer, there may be a layer for impart-
ing unevenness-follow up properties or cushion properties
(physical characteristics control) for absorbing unevenness of
the target substrate during transfer; a layer serving as an
orientation layer for controlling the orientation of dyes of the
polarizing layer; or both of these layers. Furthermore, for the
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purpose of protecting the surface of the photosensitive resin
layer, a peelable protecting layer may be formed on the upper-
most surface.

[Support for Transfer (Transfer Support)]

[0272] Thetransfer support used for the transfer material is
not particularly limited, so long as it has such a mechanical
strength to be durable to transfer of the polarizing layer or
both the polarizing layer and the selective reflection layer, and
may be appropriately selected depending on the intended
purpose. The transfer support may be transparent or opaque.
Examples of polymers forming the transfer support include
cellulose esters (e.g., cellulose acetate, cellulose propionate,
cellulose butylate, cellulose acetate propionate and cellulose
acetate butylate), polyolefines (e.g., norbornene polymers),
poly(meth)acrylic acid esters (e.g., polymethyl methacry-
lates), polycarbonates, polyesters and polysulfones. In order
to measure optical characteristics in the course of the produc-
tion process, a transparent support made of a material with
low birefringence is preferably used. In terms of low birefrin-
gence, cellulose esters and norbornene polymers are pre-
ferred. Commercially available norbornene polymers usable
are, for example, ARTON (product of JSR Corporation) and
ZEONEX and ZEONOR (these products are of ZEON COR-
PORATION). In addition, inexpensive materials such as
polycarbonates and polyethylene terephthalates are also pref-
erably used.

[Polarizing Layer|

[0273] The polarizing layer of the transfer material is not
particularly limited, so long as it has the structure of the
polarizing layer forming the color filter of the present inven-
tion, and may be appropriately selected depending on the
intended purpose. The polarizing layer of the transfer mate-
rial may be the polarizing layer in the above-described color
filter. It is not necessary for the polarizing layer to have
sufficient optical characteristics for polarizing performance.
For example, after an exposure step performed in the course
of transfer, the polarizing layer may show or change polariz-
ing properties to finally have necessary polarizing properties
for a polarizing film. In other words, the polarizing layer may
be a polarizing layer whose polarizing property is improved
through exposure or heating contained in the transfer step to
become sufficient for a polarizing film.

[Selective Reflection Layer]

[0274] The selective reflection layer of the transfer material
is not particularly limited, so long as it has the structure of the
selective reflection layer forming the color filter of the present
invention, and may be appropriately selected depending on
the intended purpose. The selective reflection layer of the
transfer material may be the selective reflection layer in the
above-described color filter.

[Photosensitive Resin Layer]

[0275] The transfer material preferably contains a photo-
sensitive resin layer from the viewpoints of increasing trans-
ferrability and adhesiveness. The photosensitive resin layer is
made of a photosensitive resin composition. The photosensi-
tive resin layer preferably contains at least (1) an alkaline-
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soluble resin, (2) a monomer or oligomer and (3) a photo-
polymerization initiator or photo-polymerization initiator
system.

(1) Alkaline-Soluble Resin

[0276] The alkaline-soluble resin (hereinafter may be
referred to simply as a “binder™) is not particularly limited
and may be appropriately selected depending on the intended
purpose. From the viewpoint of suitability to patterning, etc.,
preferred are polymers having in their side chain a polar
group(s) such as a carboxylic acid group or carboxylic acid
salt group. Examples thereof include methacrylic acid
copolymers, acrylic acid copolymers, itaconic acid copoly-
mers, chrotonic acid copolymers, maleic acid copolymers
and partially esterified maleic acid copolymers described in
JP-A Nos. 59-44615, JP-B Nos. 54-34327, 58-12577 and
54-25957, and JP-A Nos. 59-53836 and 59-71048. Further
examples thereof include cellulose derivatives having a car-
boxylic acid group in their side chain, and hydroxyl group-
containing polymers having cyclic acid anhydride added
thereto. These can also be used suitably. Also, particularly
preferred examples thereof include multi-copolymers of ben-
zyl(meth)acrylate, (meth)acrylic acid and other monomers,
and copolymers of benzy (meth)acrylate and (meth)acrylic
acid described in U.S. Pat. No. 4,139,391. These (co)poly-
mers may be used individually or in combination. Also, these
may be used as a composition in combination with polymers
commonly used for forming films. The amount of the alka-
line-soluble resin is generally 20% by mass to 50% by mass,
preferably 25% by mass to 45% by mass, with respect to the
total solid content of the photosensitive resin composition.

(2) Monomer or Oligomer

[0277] The monomer or oligomer used in the photosensi-
tive resin layer is not particularly limited and may be appro-
priately selected depending on the intended purpose. In terms
of curability, preferably, the monomer or oligomer contains
two or more ethylenically unsaturated double bonds and is
addition polymerized through light irradiation. Examples of
such monomer or oligomer include compounds having in the
molecule thereof at least one addition-polymerizable ethyl-
enically unsaturated group and having a boiling point of 100°
C. or higher under normal pressure. Examples of the com-
pounds include monofunctional (meth)acrylates (e.g., poly-
ethylene glycol mono(meth)acrylate, polyethylene glycol
mono(meth)acrylate and phenoxy ethyl(meth)acrylate),
polyethylene glycol di(meth)acrylate, polyethylene glycol
di(meth)acrylate, trimethylolethane triacrylate, trimethylol-
propane tri(meth)acrylate, trimethylolpropane diacrylate,
neopentyl glycol di(meth)acrylate, pentaerythritol tetra
(meth)acrylate, pentaerythritol tri(meth)acrylate, dipen-
taerythritol hexa(meth)acrylate, dipentaerythritol penta(m-
eth)acrylate, hexanediol di(meth)acrylate,
trimethylolpropane tri(acryloyloxypropyl)ether, tri(acryloy-
loxyethyl)isocyanurate, tri(acryloyloxyethyl)cyanurate,
glycerin tri{meth)acrylate, and polyfunctional (meth)acry-
lates (e.g., compounds formed by adding ethylene oxide or
propylene oxide to polyfunctional alcohols (e.g., trimethylol-
propane and glycerin) and treating them so as to have a moiety
of (meth)acrylate).

[0278] Further examples thereof include urethane acrylates
described in JP-B Nos. 48-41708 and 50-6034 and JP-A No.
51-37193, polyester acrylates described in JP-A No.
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48-64183 and JP-B Nos. 49-43191 and 52-30490, and poly-
functional (meth)acrylates such as epoxy acrylates which are
reaction products of an epoxy resin and (meth)acrylic acid.
[0279] Among them, preferred are trimethylolpropane tri
(meth)acrylate, pentaerythritol tetra(meth)acrylate, dipen-
taerythritol hexa(meth)acrylate and dipentaerythritol penta
(meth)acrylate.

[0280] In addition, “polymerizable compound B”
described in JP-A No. 11-133600 can be suitably used.
[0281] These monomers or oligomers may be used indi-
vidually or in combination. The amount of the monomers or
oligomers is generally 5% by mass to 50% by mass, prefer-
ably 10% by mass to 40% by mass, with respect to the total
solid content of the photosensitive resin composition.

(3) Photo-Polymerization Initiator or Photo-Polymerization
Initiator System

[0282] The photo-polymerization initiator or photo-poly-
merization initiator system used in the photosensitive resin
layer is not particularly limited and may be appropriately
selected depending on the intended purpose. Examples
thereof include vicinal polyketaldonyl compounds disclosed
in US. Pat. No. 2,367,660, acyloinethers compounds
described in U.S. Pat. No. 2,448,828, aromatic acyloin com-
pounds substituted with a-hydrocarbon disclosed in U.S. Pat.
No. 2,722,512, polynuclear quinone compounds described in
U.S. Pat. Nos. 3,046,127 and 2,951,758, combinations of
p-aminoketone and triarylimidazole dimers described in U.S.
Pat. No. 3,549,367, benzothiazole compounds and trihalom-
ethyl-s-triazine compounds described in JP-B No. 51-48516,
trihalomethyl-triazine compounds described in U.S. Pat. No.
4239850, and trihalomethyloxadiazole compounds
described in U.S. Pat. No. 4,212,976. Particularly preferred
are trihalomethyl-s-triazine, trihalomethyloxadiazole and tri-
arylimidazole dimers.

[0283] In addition, “polymerizable compound C”
described in JP-A No. 11-133600 can be suitably used.
[0284] These photo-polymerization initiators or photo-po-
lymerization initiator systems may be used individually or in
combination. In particular, two or more of them are prefer-
ably used. When at least two of the photo-polymerization
initiators are used, display performance can be improved,
especially display unevenness can be reduced.

[0285] Theamount of the photo-polymerization initiator or
photo-polymerization initiator system is generally 0.5% by
mass to 20% by mass, preferably 1% by mass to 15% by mass,
with respect to the total solid content of the photosensitive
resin composition.

[Other Layers|]

[0286] Between the support and the polarizing layer in the
transfer material, a thermoplastic resin layer is preferably
formed in order to control physical properties and unevenness
follow up properties. The component used in the thermoplas-
tic resin layer is not particularly limited and may be appro-
priately selected depending on the intended purpose. Organic
polymer compounds described in JP-A No. 05-72724 are
preferred. Also, the component is preferably selected from
organic polymer compounds having a softening point of
about 80° C. or lower as measured by the Vicat method
(specifically, the measurement method for softening point of
polymer, according to American Standard for Testing Mate-
rials ASTM D1235). Specific examples thereof include
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organic polymers such as polyolefins (e.g., polyethylene and
polypropylene), ethylene copolymers of ethylene and vinyl
acetate or saponificated products thereof. ethylene and
acrylic acid esters or saponificated products thereof, vinyl
chloride copolymers (e.g., polyvinyl chlorides, and vinyl
chloride and vinyl acetate or saponificated products thereof),
polyvinylidene chlorides, vinylidene chloride copolymers,
polystyrenes, styrene copolymers (e.g., styrene and (meth)
acrylic acid ester or saponificated products thereof), polyvi-
nyl toluene, vinyl toluene copolymers (e.g., vinyl toluene and
(meth)acrylic acid esters or saponificated products thereof),
(meth)acrylic acid ester copolymers (e.g., poly(meth)acrylic
acid esters and butyl(meth)acrylate and vinyl acetate), vinyl
acetate copolymer nylon, a copolymerized nylon,
N-alkoxymethylated nylon, and polyamide resins (e.g.,
N-dimethylaminated nylon).

[0287] In order to prevent the components from being
mixed together during formation of a plurality of coating
layers and storage afier coating, an intermediate layer is pref-
erably provided in the transfer material. The intermediate
layer is not particularly limited and may be appropriately
selected depending on the intended purpose. Preferably used
are oxygen-shielding films (having the function of shielding
oxygen) described as “separation layer” in JP-A No.
05-72724. When the intermediate layer is provided, the sen-
sitivity upon exposure is increased to shorten the occupation
time of an exposing device, leading to improvement in pro-
ductivity. Preferably, the oxygen-shielding film exhibits low
oxygen permeability, and can be dispersed or dissolved in
water or an alkaline aqueous solution. The oxygen-shielding
film may be appropriately selected from those known in the
art. Particularly preferably are combinations of polyvinyl
alcohols and polyvinyl pyrrolidones.

[0288] The thermoplastic resin layer and/or the intermedi-
ate layer may serve also as the orientation layer. In particular,
polyvinyl alcohols and polyvinyl pyrrolidones, which are
preferably used in the intermediate layer, are advantageously
used also as the orientation layer. Thus, the intermediate layer
and the orientation layer are preferably formed as one layer.
[0289] For the protection from stains or damage during
storage, a thin protecting film is preferably formed on the
resin layer. The protecting film may be made of a material
which is the same as or similar to that of the temporary
support. Alternatively, the protecting film may be made of a
material which can be separated from the resin layer. The
material for the protecting film is not particularly limited and
may be appropriately selected depending on the intended
purpose. Examples thereof include silicone paper sheets,
polyolefins sheets and polytetrafluoroethylene sheets.
[0290] The polarizing layer, the selective reflection layer,
the photosensitive resin layer, the orientation layer optionally
formed, the thermoplastic resin layer optionally formed and
the intermediate layer optionally formed can be formed by the
coating method for the polarizing layer. Two or more of the
layers may be formed simultaneously. The simultaneous
coating method is described in U.S. Pat. Nos. 2,761,791,
2,941,898, 3,508,947 and 3,526,528 and “Coating Engineet-
ing” (edited by Yuuji Harasaki, published from Asakura Pub-
lishing Co., Ltd. (1973), p. 253).

Method for Forming Transparent-Resin-Cured Layer

[0291] The method for forming the transparent-resin-cured
layer optionally provided in the present invention is not par-
ticularly limited and may be appropriately selected depend-
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ing on the intended purpose. For example, the transparent-
resin-cured layer can be formed, for example, as follows.
Specifically, a coating liquid containing resin-forming mate-
rials such as the ionizing radiation curable compound (one
exemplary material for forming the transparent-resin-cured
layer) is applied by a known method, followed by curing.

[Coating Solvent]

[0292] Thesolventused in the coating liquid containing the
resin-forming materials is not particularly limited and may be
appropriately selected depending on the intended purpose.
For example, liquids having a boiling point of 60° C. to 170°
C. arepreferably used as the solvent, since they can be rapidly
evaporated. Specific examples thereofinclude water, alcohols
(e.g., methanol, ethanol, isopropanol, butanol and benzyl
alcohol), ketones (e.g., acetone, methyl ethyl ketone, methyl
isobutyl ketone and cyclohexanone), esters (e.g., methyl
acetate, ethyl acetate, propyl acetate, butyl acetate, methyl
formate, ethyl formate, propyl formate and butyl formate),
aliphatic hydrocarbons (e.g., hexane and cyclohexane), halo-
genated hydrocarbon (e.g., methylene chloride, chloroform
and carbon tetrachloride), aromatic hydrocarbons (e.g., ben-
zene, toluene and xylene), amides (e.g., dimethylformamide,
dimethylacetamide and n-methylpyrrolidone), ethers (e.g.,
diethyl ether, dioxane and tetrahydrofuran) and etheralcohols
(e.g., 1-methoxy-2-propanol), with toluene, xylene, methyl
ethyl ketone, methyl isobutyl ketone, cyclohexanone, ethanol
and butanol being preferred, with methyl ethyl ketone, methyl
isobutyl ketone, cyclohexanone and ethanol being more pre-
ferred.

[0293] The amount of the coating solvent used is adjusted
so that the solid content of the coating liquid containing the
resin-forming materials is 2% by mass to 50% by mass, more
preferably 3% by mass to 40% by mass.

[Coating Method]

[0294] The method for coating the coating liquid contain-
ing the resin-forming materials is not particularly limited and
may be appropriately selected depending on the intended
purpose. Examples thereof include the above-exemplified
coating methods for the composition for forming the liquid
crystal compound layer, that is, wet film forming methods
such as a spin coating method, a spray coating method, a slit
coating method, a slit and spin method, a wire bar coating
method, a roll coating method, a blade coating method, a free
pass coating method, an extrusion method, a direct gravure
coating method, a reverse gravure coating method, a die coat-
ing method or an inkjet method.

[Curing]

[0295] Themethod for curing the coating liquid containing
the resin-forming materials is not particularly limited and
may be appropriately selected depending on the intended
purpose. For example, when the transparent-resin-cured layer
is formed, curing is preferably performed through UV ray
irradiation in terms of rapid curing.

(Light-Emitting Display Element)

[0296] A light-emitting display element of the present
invention includes the color filter of the present invention and
a light-emitting layer which emits at least white light; and, if
necessary, includes other members.
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[0297] Each of FIGS. 20, 21 and 22 is a cross-sectional
view of one embodiment of the light-emitting display element
of the present invention. A light-emitting display element 100
includes the above-described color filter 1 of the present
invention, and a light-emitting layer 106 emitting at least
white light and disposed between a pair of electrodes (a
cathode 102 and an anode 104). Notably, in FIGS. 20, 21 and
22, each arrow indicates a direction in which light is emitted
from the light-emitting layer 106. In FIGS. 20, 21 and 22, the
space between the color filter 1 and a substrate 114 or the
cathode 102 means that a layer structure in the space is not
particularly limited and, if necessary, appropriate members
may be disposed in the space.

[0298] The light-emitting display element of the present
invention may have a structure of a light resonator (light
resonance structure) in which light emitted from the light-
emitting layer is optically resonated as a result of repetitive
reflection/interference. The light resonance structure is not
particularly limited, so long as light emitted from the light-
emitting layer can be repeatedly reflected/interfered, and may
be appropriately selected depending on the intended purpose.
For example, in the light-emitting display element 100 illus-
trated in FIGS. 20, 21 and 22, a semi-transparent cathode 102,
a light-emitting layer 106 and a reflective layer 112 are pro-
vided between the color filter 1 and a flattening layer 116 so
that the semi-transparent cathode, the light-emitting layer and
the reflective layer are disposed in this order from the side of
the color filter 1, to thereby form a light resonance structure
between the cathode 102 and the reflective layer 112. With
this structure, the color intensity is increased by virtue of
multiplex interference. Thus, provision of this structure
enables the light-emitting display element to exhibit high
light intensity. Notably, in the light-emitting display element
100 illustrated in FIGS. 20, 21 and 22, reference numeral 114
denotes a substrate such as a glass substrate, reference
numeral 108 denotes an optical path length adjusting layer
which adjusts the optical path length in each pixel, reference
numeral 110 denotes an insulative layer which electrically
insulates each pixel, and reference numeral 118 denotes a
TFT.

<Light-Emitting Layer>

[0299] In the present invention, the light-emitting layer is
not particularly limited, so long as it emits white light when
an electrical field is applied, and may be appropriately
selected depending on the intended purpose. The structure of
the light-emitting layer is not particularly limited, so long as
the light-emitting layer emits white light. The light-emitting
layer may have layers all of which emit white light. Alterna-
tively, the light-emitting layer may have layers emitting white
light and layers emitting blue light, green light and/or red
light. Notably, the light-emitting display device illustrated in
FIG. 20 contains a single light-emitting layer, but the present
invention encompasses light-emitting display devices con-
taining layers emitting white, blue, green and red lights dis-
posed along the light-emitted surface of the light-emitting
layer.

[0300] The relationship in position between the light-emit-
ting layer and the color filter is not particularly limited, so
long as the circularly polarizing layer is disposed only in the
optical path of white light emitted from the light-emitting
layer, and may be appropriately determined depending on the
intended purpose. When all the light-emitting layers emit
white light, the circularly polarizing layer 16 of the color filter
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1 may be disposed above the light-emitting layer, since white
light is emitted from the entire light-emitted surface of the
light-emitting layers. In the case where the layer emitting
white light as well as the layer(s) emitting blue light, green
light and/or red light are provided along the light-emitted
surface of the light-emitting layer, the circularly polarizing
layer may be formed in the optical path of white light emitted
from the light-emitting layer.

[0301] The material for the light-emitting layer may be an
organic light-emitting material or an inorganic light-emitting
material. In particular, an organic light-emitting material is
preferred, since color hue can be variously selected and drive
voltage is low. Next, description will be given with respect to
an organic compound layer having a light-emitting layer
made of an organic light-emitting material.

Organic Compound Layer

[0302] As a lamination pattern of the organic compound
layer, preferably, a hole-transport layer, an organic light-
emitting layer and an electron transport layer are laminated in
this order from the anode side. Moreover, a hole-injection
layer is provided between the hole-transport layer and the
cathode, and/or an electron-transportable intermediate layer
is provided between the organic light-emitting layer and the
electron transport layer. Also, a hole-transportable interme-
diate layer may be provided between the organic light-emit-
ting layer and the hole-transport layer. Similarly, an electron-
injection layer may be provided between the cathode and the
electron-transport layer. Notably, each layer may be com-
posed of a plurality of secondary layers.

[0303] The organic light-emitting layer corresponds to the
light-emitting layer, and the anode, the cathode and the other
layers than the organic light-emitting layer correspond to the
above other layers.

[0304] The layers constituting the organic compound layer
can be suitably formed by any of a dry film-forming method
(e.g., a vapor deposition method and a sputtering method), a
transfer method, a printing method, a coating method, an
ink-jet method and a spray method.

[0305] The light-emitting display element of the present
invention includes at least one organic compound layer
including an organic light-emitting layer. Examples of the
other organic compound layers than the organic light-emit-
ting layer include a hole-transport layer, an electron transport
layer, a hole blocking layer, an electron blocking layer, a hole
injection layer and an electron injection layer.

[0306] In the light-emitting display element of the present
invention, the layers constituting the organic compound layer
can be suitably formed by any of a dry film-forming method
(e.g., a vapor deposition method and a sputtering method), a
wet film-forming method, a transfer method, a printing
method and an ink-jet method.

Organic Light-Emitting Layer

[0307] Theorganic light-emitting layer is a layer having the
functions of receiving holes from the anode, the hole injection
layer, or the hole-transport layer, and receiving electrons from
the cathode, the electron-injection layer, or the electron trans-
portlayer, and providing a field for recombination of the holes
with the electrons for light emission, when an electric field is
applied.

[0308] Thelight-emitting layer may be composed only ofa
light-emitting material, or may be a layer formed form a
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mixture of a host material and a light-emitting dopant. The
light-emitting dopant may be a fluorescent or phosphorescent
light-emitting material, and may contain two or more species.
The host material is preferably a charge-transporting mate-
rial. The host material may contain one or more species, and,
for example, is a mixture of a hole-transporting host material
and an electron-transporting host material. Further, a material
which does not emit light nor transport any charge may be
contained in the organic light-emitting layer.

[0309] The organic light-emitting layer may be a single
layer or two or more layers. When it is two or more layers, the
layers may emit lights of different colors.

[0310] The above light-emitting dopant may be, for
example, a phosphorescent light-emitting material (phospho-
rescent light-emitting dopant) and a fluorescent light-emit-
ting material (fluorescent light-emitting dopant).

[0311] The organic light-emitting layer may contain two or
more different light-emitting dopants for improving color
purity and/or expanding the wavelength region of light emit-
ted therefrom. From the viewpoint of drive durability, it is
preferred that the light-emitting dopant is those satisfying the
following relation(s ) with respect to the above-described host
compound: ie., 1.2 eV>difference in ionization potential
(Alp)>0.2 eV and/or 1.2 eV>difference in electron affinity
(AEa)>0.2 eV.

[0312] The fluorescent light-emitting material is not par-
ticularly limited and may be appropriately selected depend-
ing on the intended purpose. Examples thereof include com-
plexes containing a transition metal atom or a lanthanoid
atom.

[0313] The transition metal atom is not particularly limited
and may be selected depending on the intended purpose.
Preferred are ruthenium, rhodium, palladium, tungsten, rhe-
nium, osmium, iridium gold, silver, copper and platinum.
More preferred are rhenium, iridium and platinum. Particu-
larly preferred are iridium and platinum.

[0314] The lanthanoid atom is not particularly limited and
may be appropriately selected depending on the intended
purpose. Examples thereof include lanthanum, cerium,
praseodymium, neodymium, samarium, europium, gado-
linium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium and lutetium, with neodymium, europium and
gadolinium being preferred.

[0315] Examples of ligands in the complex include those
described in, for example, “Comprehensive Coordination
Chemistry” authored by G. Wilkinson et al., published by
Pergamon Press Company in 1987; “Photochemistry and
Photophysics of Coordination Compounds™ authored by H.
Yersin, published by Springer-Verlag Company in 1987; and
“YUHKI KINZOKU KAGAKU-KISO TO OUYOU—
(Metalorganic  Chemistry—Fundamental and Applica-
tion—)” authored by Akio Yamamoto, published by Shokabo
Publishing Co., Ltd. in 1982.

[0316] Preferred examples of the ligands include halogen
ligands (preferably, chlorine ligand), aromatic carbon ring
ligands (preferably 5 to 30 carbon atoms, more preferably 6 to
30 carbon atoms, still more preferably 6 to 20 carbon atoms,
particularly preferably 6 to 12 carbon atoms, such as cyclo-
pentadienyl anion, benzene anion and naphthyl anion); nitro-
gen-containing hetero cyclic ligands (preferably 5 to 30
atoms, more preferably 6 to 30 carbon atoms, still more
preferably 6 to 20 carbon atoms, particularly preferably 6 to
12 carbon atoms, such as phenyl pyridine, benzoquinoline,
quinolinol, bipyridyl and phenanthrorine), diketone ligands
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(e.g., acetyl acetone), carboxylic acid ligands (preferably 2 to
30 carbon atoms, more preferably 2 to 20 carbon atoms, still
more preferably 2 to 16 carbon atoms, such as acetic acid
ligand), alcoholate ligands (preferably 1 to 30 carbon atoms,
more preferably 1 to 20 carbon atoms, particularly preferably
6 to 20 carbon atoms, such as phenolate ligand), silyloxy
ligands (preferably 3 to 40 carbon atoms, more preferably 3 to
30 carbon atoms, still more preferably 3 to 20 carbon atoms,
such as trimethyl silyloxy ligand, dimethyl tert-butyl silyloxy
ligand and triphenyl silyloxy ligand), carbon monoxide
ligand, isonitrile ligand, cyano ligand, phosphorus ligand
(preferably 3 to 40 carbon atoms, more preferably 3 to 30
carbon atoms, still more preferably 3 to 20 carbon atoms,
particularly preferably, 6 to 20 carbon atoms, such as triph-
enyl phosphine ligand), thiolate ligands (preferably 1 to 30
carbon atoms, more preferably 1 to 20 carbon atoms, still
more preferably 6 to 20 carbon atoms, such as pheny] thiolate
ligand) and phosphine oxide ligands (preferably 3 to 30 car-
bon atoms, more preferably 8 to 30 carbon atoms, particularly
preferably 18 to 30 carbon atoms, such as triphenyl phosphine
oxide ligand), with nitrogen-containing hetero cyclic ligand
being more preferred.

[0317] The above-described complexes may be a complex
containing one transition metal atom in the compound, or a
so-called polynuclear complex containing two or more tran-
sition metal atoms. In the latter case, the complexes may
contain different metal atoms at the same time.

[0318] Among them, specific examples of the light-emit-
ting dopants include phosphorescence luminescent com-
pounds described in Patent Literatures such as U.S. Pat. No.
6,303,238B1, U.S. Pat. No. 6,097,147, International Publica-
tion Nos. WO00/57676, WO00/70655, WOO01/08230,
WO001/39234A2,  WOO01/41512A1,  WO02/02714A2,
WO002/15645A1, WO02/44189A1 and WOO05/19373A2,
JP-A Nos. 2001-247859, 2002-302671, 2002-117978, 2003-
133074, 2002-235076, 2003-123982 and 2002-170684,
EP1211257, JP-A Nos. 2002-226495, 2002-234894, 2001-
247859, 2001-298470, 2002-173674, 2002-203678, 2002-
203679, 2004-357791, 2006-256999, 2007-19462, 2007-
84635 and 2007-96259. Among them, Ir complexes, Pt
complexes, Cu complexes, Re complexes, W complexes, Rh
complexes, Ru complexes, Pd complexes, Os complexes, Eu
complexes, Th complexes, Gd complexes, Dy complexes and
Ce complexes are preferred, with Ir complexes, Pt complexes
and Re complexes being more preferred. Among them, Ir
complexes, Pt complexes, and Re complexes each containing
at least one coordination mode of metal-carbon bonds, metal-
nitrogen bonds, metal-oxygen bonds and metal-sulfur bonds
are still more preferred. Furthermore, Ir complexes, Pt com-
plexes, and Re complexes each containing a tri-dentate or
higher poly-dentate ligand are particularly preferred from the
viewpoints of, for example, light-emission efficiency, drive
durability and color purity.

[0319] The fluorescence luminescent dopant is not particu-
larly limited and may be appropriately selected depending on
the intended purpose. Examples thereof include benzoxazole,
benzoimidazole, benzothiazole, styrylbenzene, polyphenyl,
diphenylbutadiene, tetraphenylbutadiene, naphthalimide,
coumarin, pyran, perinone, oxadiazole, aldazine, pyralidine,
cyclopentadiene, bis-styrylanthracene, quinacridone, pyrrol-
opyridine, thiadiazolopyridine, cyclopentadiene, styry-
lamine, aromatic dimethylidene compounds, condensed pol-
yaromatic compounds (e.g., anthracene, phenanthroline,
pyrene, perylene, rubrene and pentacene), various metal com-
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plexes (e.g., metal complexes of 8-quinolinol, pyromethene
complexes and rare-earth complexes), polymer compounds -continued
(e.g., polythiophene, polyphenylene and polyphenylenevi- D-6
nylene), organic silanes and derivatives thereof.
[0320] Specific examples of the luminescent dopants
include the following compounds, which should be construed
as limiting the present invention thereto.
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[0321] The light-emitting dopant is contained in the light-
emitting layer in an amount 0f 0.1% by mass to 50% by mass
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with respect to the total amount of the compounds generally
forming the light-emitting layer. From the viewpoints of drive
durability and external light-emission efficiency, it is prefer-
ably contained in an amount of 1% by mass to 50% by mass,
more preferably 2% by mass to 40% by mass.

[0322] The thickness of the light-emitting layer is not par-
ticularly limited and may be appropriately determined
depending on the intended purpose. It is preferably 2 nm to
500 nm. From the viewpoint of external light-emission effi-
ciency, it is more preferably 3 nm to 200 nm, particularly
preferably 5 nm to 100 nm.

[0323] The host material may be hole transporting host
materials excellent in hole transporting property (which may
be referred to as a “hole transporting host”) or electron trans-
porting host compounds excellent in electron transporting
property (which may be referred to as an “electron transport-
ing host™).

[0324] The hole transporting host material contained in the
organic light-emitting layer is not particularly limited and
may be appropriately selected depending on the intended
purpose. Examples thereof include pyrrole, indole, carbazole,
azaindole, azacarbazole, triazole, oxazole, oxadiazole, pyra-
zole, imidazole, thiophene, polyarylalkane, pyrazoline, pyra-
zolone, phenylenediamine, arylamine, amino-substituted
chalcone, styrylanthracene, fluorenone, hydrazone, stilbene,
silazane, aromatic tertiary amine compounds, styrylamine
compounds, aromatic dimethylidine compounds, porphyrin
compounds, polysilane compounds, poly(N-vinylcarbazole),
aniline copolymers, conductive high-molecular-weight oli-
gomers (e.g., thiophene oligomers and polythiophenes),
organic silanes, carbon films and derivatives thereof. Among
them, indole derivatives, carbazole derivatives, aromatic ter-
tiary amine compounds and thiophene derivatives are pre-
ferred. Also, compounds each containing a carbazole group in
the molecule are more preferred. Further, compounds each
containing a t-butyl-substituted carbazole group are particu-
larly preferred.

[0325] The electron transporting host to be used in the
organic light-emitting layer preferably has an electron affinity
Ea of 2.5 eV to 3.5 eV, more preferably 2.6 eV to 3.4 eV,
particularly preferably 2.8 eV to 3.3 eV, from the viewpoints
of improvement in durability and decrease in drive voltage.
Also, it preferably has an ionization potential Ip of 5.7 eV to
7.5 eV, more preferably 5.8 eV to 7.0 eV, particularly prefer-
ably 5.9eV to 6.5 eV, from the viewpoints of improvement in
durability and decrease in drive voltage.

[0326] The electron transporting host is not particularly
limited and may be appropriately selected depending on the
intended purpose. Specific examples thereof include pyri-
dine, pyrimidine, triazine, imidazole, pyrazole, triazole,
oxazole, oxadiazole, fluorenone, anthraquinonedimethane,
anthrone, diphenylquinone, thiopyrandioxide, carbodiimide,
fluorenylidenemethane, distyrylpyradine, fluorine-substi-
tuted aromatic compounds, heterocyclic tetracarboxylic
anhydrides (e.g., naphthalene and perylene), phthalocyanine,
derivatives thereof (which may form a condensed ring with
another ring) and various metal complexes such as metal
complexes of 8-quinolinol derivatives, metal phthalocyanine,
and metal complexes having benzoxazole or benzothiazole as
aligand. Preferred electron transporting hosts are metal com-
plexes, azole derivatives (e.g., benzimidazole derivatives and
imidazopyridine derivatives) and azine derivatives (e.g., pyri-
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dine derivatives, pyrimidine derivatives and triazine deriva-
tives). Among them, metal complexes are preferred in terms
of durability.

[0327] As the metal complexes, preferred are those con-
taining a ligand which has at least one nitrogen atom, oxygen
atom, or sulfur atom and which is coordinated with the metal.
[0328] The metal ion contained in the metal complex is not
particularly limited and may be appropriately selected
depending on the intended purpose. For example, it is pref-
erably a beryllium ion, a magnesium ion, an aluminum ion, a
gallium ion, a zinc ion, an indium ion, a tin ion, a platinum ion
or a palladium ion; more preferably is a beryllium ion, an
aluminum ion, a gallium ion, a zinc ion, a platinum ion or a
palladium ion; particularly preferably is an aluminum ion, a
zine ion or a palladium ion.

[0329] The ligands to be contained in the metal complexes
are not particularly limited and may be appropriately selected
from various known ligands. Examples thereof include those
described in, for example, “Photochemistry and Photophys-
ics of Coordination Compounds” authored by H. Yersin, pub-
lished by Springer-Verlag Company in 1987; and “YUHKI
KINZOKU KAGAKU—KISO TO OUYOU—(Metalor-
ganic  Chemistry—Fundamental and Application—)”
authored by Akio Yamamoto, published by Shokabo Publish-
ing Co., Ltd. in 1982.

[0330] Theligand is preferably nitrogen-containing hetero-
cyclic ligands (preferably having 1 to 30 carbon atoms, more
preferably 2 to 20 carbon atoms, particularly preferably 3 to
15 carbon atoms). It may be a unidentate ligand or a bi- or
higher-dentate ligand. Preferred are bi- to hexa-dentate
ligands, and mixed ligands of bi- to hexa-dentate ligands with
a unidentate ligand.

[0331] Examples of the ligand include azine ligands (e.g.,
pyridine ligands, bipyridyl ligands and terpyridine ligands);
hydroxyphenylazole ligands (e.g., hydroxyphenylbenzoimi-
dazole ligands, hydroxyphenylbenzoxazole ligands, hydrox-
yphenylimidazole ligands and hydroxyphenylimidazopyri-
dine ligands); alkoxy ligands (those having preferably 1 to 30
carbon atoms, more preferably 1 to 20 carbon atoms, particu-
larly preferably 1 to 10 carbon atoms, such as methoxy,
ethoxy, butoxy and 2-ethylhexyloxy); and aryloxy ligands
(those having preferably 6 to 30 carbon atoms, more prefer-
ably 6 to 20 carbon atoms, particularly preferably 6 to 12
carbon atoms, such as phenyloxy, 1-naphthyloxy, 2-naphthy-
loxy, 2.4,6-trimethylphenyloxy and 4-biphenyloxy).

[0332] Further examples include heteroaryloxy ligands
(those having preferably 1 to 30 carbon atoms, more prefer-
ably 1 to 20 carbon atoms, particularly preferably 1 to 12
carbon atoms, examples of which include pyridyloxy, pyra-
zyloxy, pyrimidyloxy and quinolyloxy); alkylthio ligands
(those having preferably 1 to 30 carbon atoms, more prefer-
ably 1 to 20 carbon atoms, particularly preferably 1 to 12
carbon atoms, examples of which include methylthio and
ethylthio); arylthio ligands (those having preferably 6 to 30
carbon atoms, more preferably 6 to 20 carbon atoms, particu-
larly preferably 6 to 12 carbon atoms, examples of which
include phenylthio); heteroarylthio ligands (those having
preferably 1 to 30 carbon atoms, more preferably 1 to 20
carbon atoms, particularly preferably 1 to 12 carbon atoms,
examples of which include pyridylthio, 2-benzimida-
zolylthio, 2-benzoxazolylthio and 2-benzothiazolylthio);
siloxy ligands (those having preferably 1 to 30 carbon atoms,
more preferably 3 to 25 carbon atoms, particularly preferably
610 20 carbon atoms, examples of which include a triphenyl-
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siloxy group, a triethoxysiloxy group and a triisopropylsiloxy
group); aromatic hydrocarbon anion ligands (those having
preferably 6 to 30 carbon atoms, more preferably 6 to 25
carbon atoms, particularly preferably 6 to 20 carbon atoms,
examples of which include a phenyl anion, a naphthyl anion
and an anthranyl anion); aromatic heterocyclic anion ligands
(those having preferably 1 to 30 carbon atoms, more prefer-
ably 2 to 25 carbon atoms, and particularly preferably 2 to 20
carbon atoms, examples of which include a pyrrole anion, a
pyrazole anion, a triazole anion, an oxazole anion, a benzox-
azole anion, a thiazole anion, a benzothiazole anion, a
thiophene anion and a benzothiophene anion); and indolenine
anion ligands. Among them, nitrogen-containing heterocy-
clic ligands, aryloxy ligands, heteroaryloxy groups, siloxy
ligands, etc. are preferred, and nitrogen-containing heterocy-
clic ligands, aryloxy ligands, siloxy ligands, aromatic hydro-
carbon anion ligands, aromatic heterocyclic anion ligands,
etc. are more preferred.

[0333] Examples of the metal complex electron transport-
ing host include compounds described in, for example, JP-A
Nos. 2002-235076, 2004-214179, 2004-221062, 2004-
221065, 2004-221068 and 2004-327313.

[0334] In the light-emitting layer, it is preferred that the
lowest triplet excitation energy (T1) of the host material is
higher than T1 of the phosphorescence light-emitting mate-
rial, from the viewpoints of color purity, light-emission effi-
ciency and drive durability.

[0335] Theamount of the host compound is not particularly
limited and may be appropriately determined depending on
the intended purpose. It is preferably 15% by mass to 95% by
mass with respect to the total amount of the compounds
forming the light-emitting layer, in terms of light emitting
efficiency and drive voltage.

Hole-Injection Layer and Hole-Transport Layer

[0336] Thehole-injection layer and hole-transport layer are
layers having the function of receiving holes from the anode
or from the anode side and transporting the holes to the
cathode side. Materials to be incorporated into the hole-in-
jection layer or the hole-transport layer may be a low-mo-
lecular-weight compound or a high-molecular-weight com-
pound.

[0337] Specifically, these layers preferably contain, for
example, pyrrole derivatives, carbazole derivatives, triazole
derivatives, oxazole derivatives, oxadiazole derivatives, imi-
dazole derivatives, polyarylalkane derivatives, pyrazoline
derivatives, pyrazolone derivatives, phenylenediamine
derivatives, arylamine derivatives, amino-substituted chal-
cone derivatives, styrylanthracene derivatives, fluorenone
derivatives, hydrazone derivatives, stilbene derivatives, sila-
zane derivatives, aromatic tertiary amine compounds, styry-
lamine compounds, aromatic dimethylidine compounds,
phthalocyanine  compounds, porphyrin  compounds,
thiophene derivatives, organosilane derivatives and carbon.
[0338] Also, an electron-accepting dopant may be incorpo-
rated into the hole-injection layer or the hole-transport layer.
The electron-accepting dopant may be, for example, an inor-
ganic or organic compound, so long as it has electron accept-
ing property and the function of oxidizing an organic com-
pound.

[0339] Specific examples of the inorganic compound
include metal halides (e.g., ferric chloride, aluminum chlo-
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ride, gallium chloride, indium chloride and antimony pen-
tachloride) and metal oxides (e.g., vanadium pentaoxide and
molybdenum trioxide).

[0340] As the organic compounds, those having a substitu-
ent such as a nitro group, a halogen, a cyano group and a
trifluoromethyl group; quinone compounds; acid anhydride
compounds; and fullerenes may be preferably used.

[0341] Inaddition, there can be preferably used compounds
described in, for example, JP-A Nos. 06-212153, 11-111463,
11-251067, 2000-196140, 2000-286054, 2000-315580,
2001-102175, 2001-160493, 2002-252085, 2002-56985,
2003-157981, 2003-217862, 2003-229278, 2004-342614,
2005-72012, 2005-166637 and 2005-209643.

[0342] Among them, preferred are hexacyanobutadiene,
hexacyanobenzene, tetracyanoethylene, tetracyanoquin-
odimethane, tetrafluorotetracyanoquinodimethane, p-fluora-
nil, p-chloranil, p-bromanil, p-benzoquinone, 2,6-dichlo-
robenzoquinone,  2,5-dichlorobenzoquinone, 1,2,4,5-
tetracyanobenzene, 1,4-dicyanotetrafluorobenzene, 2,3-
dichloro-5,6-dicyanobenzoquinone, p-dinitrobenzene,
m-dinitrobenzene, o-dinitrobenzene, 1,4-naphthoquinone,
2,3-dichloronaphthoquinone, 1.3-dinitronaphthalene, 1,5-
dinitronaphthalene, 9,10-anthraquinone, 1,3,6,8-tetranitro-
carbazole, 2,4,7-trinitro-9-fluorenone, 2,3.5,6-tetracyanopy-
ridine and fullerene C60. More preferred are
hexacyanobutadiene, hexacyanobenzene, tetracyanoethyl-
ene, tetracyanoquinodimethane, tetrafluorotetracyanoquin-
odimethane, p-fluoranil, p-chloranil, p-bromanil, 2,6-dichlo-

robenzoquinone, 2,5-dichlorobenzoquinone, 2,3-
dichloronaphthoquinone, 1,2,4.5-tetracyanobenzene, 2,3-
dichloro-5,6-dicyanobenzoquinone and 2,3,5,6-
tetracyanopyridine. Particularly preferred is
tetrafluorotetracyanoquinodimethane.

[0343] These electron-accepting dopants may be used

alone or in combination.

[0344] Theamount of the electron-accepting dopant used is
not particularly limited and depends on the type of material,
the dopant is preferably used in an amount of 0.01% by mass
to 50% by mass, more preferably 0.05% by mass to 20% by
mass, particularly preferably 0.1% by mass to 10% by mass,
with respect to the material of the hole-transport layer.
[0345] The thicknesses of the hole-injection layer and the
hole-transport layer are each preferably 500 nm or less in
terms of reducing drive voltage. The thickness of the hole-
transport layer is preferably 1 nm to 500 nm, more preferably
5 nm to 200 nm, still more preferably 10 nm to 100 nm. The
thickness of the hole-injection layer is preferably 0.1 nm to
200 nm, more preferably 0.5 nm to 100 nm, particularly
preferably 1 nm to 100 nm.

[0346] Each of the hole-injection layer and the hole-trans-
port layer may have a single-layered structure made of one or
more of the above-mentioned materials, or a multi-layered
structure made of a plurality of layers which are identical or
different in composition.

Electron-Injection Layer and Electron-Transport Layer

[0347] The electron-injection layer and the electron-trans-
port layer are layers having the functions of receiving elec-
trons from the cathode or the cathode side and transporting
the electrons to the anode side. The electron-injection mate-
rials or electron-transport materials for these layers may be
low-molecular-weight or high-molecular-weight com-
pounds.
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[0348] Specific examples thereof include pyridine deriva-
tives, quinoline derivatives, pyrimidine derivatives, pyrazine
derivatives, phthalazine derivatives, phenanthoroline deriva-
tives, triazine derivatives, triazole derivatives, oxazole deriva-
tives, oxadiazole derivatives, imidazole derivatives, fluo-
renone derivatives, anthraquinodimethane derivatives,
anthrone derivatives, diphenylquinone derivatives, thiopyr-
andioxide derivatives, carbodiimide derivatives, fluore-
nylidenemethane derivatives, distyrylpyradine derivatives,
aryl tetracarboxylic anhydrides such as perylene and naph-
thalene, phthalocyanine derivatives, metal complexes (e.g,,
metal complexes of 8-quinolinol derivatives, metal phthalo-
cyanine, and metal complexes containing benzoxazole or
benzothiazole as the ligand) and organic silane derivatives
(e.g., silole).

[0349] The electron-injection layer or the electron-trans-
port layer in the light-emitting display element of the present
invention may contain an electron donating dopant. The elec-
tron donating dopant to be introduced in the electron-injec-
tion layer or the electron-transport layer may be any material,
so long as it has an electron-donating property and a property
for reducing an organic compound. Preferred examples
thereof include alkali metals (e.g., Li), alkaline earth metals
(e.g., Mg), transition metals including rare-earth metals, and
reducing organic compounds. Among the metals, those hav-
ing a work function of 4.2 €V or less are particularly prefer-
ably used. Examples thereof include Li, Na, K, Be, Mg, Ca,
Sr, Ba, Y, Cs, La, Sm, Gd and Yb. Also, examples of the
reducing organic compounds include nitrogen-containing
compounds, sulfur-containing compounds and phosphorus-
containing compounds.

[0350] In addition, there may be used materials described
in, for example, JP-A Nos. 06-212153, 2000-196140, 2003-
63468, 2003-229278 and 2004-342614.

[0351] These electron donating dopants may be used alone
or in combination. The amount of the electron donating
dopant used depends on the type of the material, but it is
preferably 0.1% by mass to 99% by mass, more preferably
1.0% by mass to 80% by mass, particularly preferably 2.0%
by mass to 70% by mass, with respect to the amount of the
material of the electron transport layer.

[0352] The thicknesses of the electron-injection layer and
the electron-transport layer are each preferably 500 nm or less
in terms of reducing drive voltage. The thickness of the elec-
tron-transport layer is preferably 1 nm to 500 nm, more pref-
erably 5 nm to 200 nm, particularly preferably 10 nm to 100
nm. The thickness of the electron-injection layer is preferably
0.1 nm to 200 nm, more preferably 0.2 nm to 100 nm, par-
ticularly preferably 0.5 nm to 50 nm.

[0353] Each of the electron-injection layer and the elec-
tron-transport layer may have a single-layered structure made
of one or more of the above-mentioned materials, or a multi-
layered structure made of a plurality of layers which are
identical or different in composition.

Hole Blocking Layer

[0354] The hole blocking layer is a layer having the func-
tion of preventing the holes, which have been transported
from the anode side to the light-emitting layer, from passing
toward the cathode side, and may be provided as an organic
compound layer adjacent to the light-emitting layer on the
cathode side.
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[0355] Examples of the compound forming the hole block-
ing layer include aluminum complexes (e.g., BAlq), triazole
derivatives and phenanthroline derivatives (e.g., BCP).
[0356] The thickness of the hole blocking layer is prefer-
ably 1 nm to 500 nm, more preferably 5 nm to 200 nm,
particularly preferably 10 nm to 100 nm.

[0357] The hole blocking layer may have a single-layered
structure made of one or more of the above-mentioned mate-
rials, or a multi-layered structure made of a plurality of layers
which are identical or different in composition.

Electron Blocking Layer

[0358] An electron blocking layer is a layer having the
function of preventing the electrons, which have been trans-
ported from the cathode side to the light-emitting layer, from
passing toward the anode side, and may be provided as an
organic compound layer adjacent to the light-emitting layer
on the anode side in the present invention.

[0359] Examples of the compound forming the electron
blocking layer include those listed as a hole-transport mate-
rial.

[0360] The thickness of the electron blocking layer is pref-
erably 1 nm to 500 nm, more preferably 5 nm to 200 nm,
particularly preferably 10 nm to 100 nm.

[0361] The electron blocking layer may have a single-lay-
ered structure made of one or more of the above-mentioned
materials, or a multi-layered structure made of a plurality of
layers which are identical or different in composition.
[0362] Inorderto improve the light-emission efficiency, the
light-emitting layer may have such a configuration that
charge generation layers are provided between a plurality of
light-emitting layers.

[0363] The charge generation layer is a layer having the
functions of generating charges (i.e., holes and electrons)
when an electrical field is applied, and of injecting the gen-
erated charges into the adjacent layers.

[0364] The material for the charge generation layer is not
particularly limited, so long as it has the above-described
functions. The charge generation layer may be made of a
single compound or a plurality of compounds.

[0365] Specifically, the material may be those having con-
ductivity, those having semi-conductivity (e.g.. doped
organic layers) and those having electrical insulating prop-
erty. Examples thereof include the materials described in
JP-A Nos. 11-329748, 2003-272860 and 2004-39617.

[0366] Specific examples thereof include transparent con-
ductive materials (e.g.. ITO and IZO (indium zinc oxide)),
fullerenes (e.g., C60), conductive organic compounds (e.g.,
oligothiophene, metal phthalocyanine, metal-free phthalo-
cyanine, metal porphyrins and non-metal porphyrins), metal
materials (e.g., Ca, Ag, Al, Mg—Ag alloys, Al—Lialloys and
Mg—TLialloys), hole conducting materials, electron conduct-
ing materials and mixtures thereof.

[0367] Examples of the hole conducting materials include
hole transport organic materials (e.g., 2-TNATA and NPD)
doped with an oxidant having an electron-attracting property
(e.g., F4-TCNQ, TCNQ and FeCl,), P-type conductive poly-
mers and P-type semiconductors. Examples of the electron
conducting materials include electron transport organic mate-
rials doped with a metal or metal compound having a work
function lower than 4.0 eV, N-type conductive polymers and
N-type semiconductors. Examples of the N-type semicon-
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ductors include N-type Si, N-type CdS and N-type ZnS.
Examples of the P-type semiconductors include P-type Si,
P-type CdTe and P-type CuO.

[0368] Also, the charge generation layer may be made of
electrical insulating materials such as V,O..

[0369] The charge generation layer may have a single-lay-
ered or multi-layered structure. Examples of the multi-lay-
ered structure the charge generation layer has include a struc-
ture in which a conductive material (e.g., transparent
conductive materials and metal materials) is laminated on a
hole or electron transport material, and a structure in which
the above-listed hole conducting material is laminated on the
above-listed electron conducting material.

[0370] In general, the thickness and material of the charge
generation layer is preferably determined so that the trans-
mittance thereof with respect to visible light is 50% or higher.
The thickness thereof is not particularly limited and may be
appropriately determined depending on the intended purpose.
The thickness is preferably 0.5 nm to 200 nm, more prefer-
ably 1 nm to 100 nm, still more preferably 3 nm to 50 nm,
particularly preferably 5 nm to 30 nm.

[0371] The forming method for the charge generation layer
is not particularly limited. The above-described forming
methods for the organic compound layer may be employed.

[0372] The charge generation layer is formed between two
or more layers of the above light-emitting layer. The charge
generation layer may contain, at the anode or cathode side, a
material having the function of injecting charges into the
adjacent layers. In order to increase injectability of electrons
into the adjacent layers at the anode side, electron injection
compounds (e.g., BaO, SrO, Li,0, LiCl, LiF, MgF,, MgO
and CaF,) may be deposited on the charge generation layer at
the anode side.

[0373] In addition to the above-listed materials, the mate-
rial for charge generation layer may be selected from those
described in JP-A No. 2003-45676, and U.S. Pat. Nos. 6,337,
492, 6,107,734 and 6,872,472.

Anode

[0374] Ingeneral, the anode may be any material, so long as
it has the function of serving as an electrode that supplies
holes to the organic compound layers constituting the light-
emitting layer. The shape, structure, size, etc. thereof are not
particularly limited and may be appropriately selected from
known electrode materials depending on the application/pur-
pose of the light-emitting display element. As described
above, the anode is generally provided as a transparent anode.
[0375] Preferred examples of the materials for the anode
include metals, alloys, metal oxides, conductive compounds
and mixtures thereof. Specific examples include conductive
metal oxides such as tin oxides doped with, for example,
antimony and fluorine (ATO and FTO); tin oxide, zinc oxide,
indium oxide, indium tin oxide (ITO) and indium zinc oxide
(IZ0); metals such as gold, silver, chromium and nickel;
mixtures or laminates of these metals and the conductive
metal oxides; inorganic conductive materials such as copper
iodide and copper sulfide; organic conductive materials such
as polyaniline, polythiophene and polypyrrole; and laminates
of these materials and ITO. Among them, conductive metal
oxides are preferred. In particular, ITO is preferred from the
viewpoints of productivity, high conductivity, transparency,
etc.

[0376] The anode may be formed on the below-described
substrate by a method which is appropriately selected from



US 2012/0099054 A1

wet methods such as printing methods and coating methods;
physical methods such as vacuum deposition methods, sput-
tering methods and ion plating method; and chemical meth-
ods such as CVD and plasma CVD methods, in consideration
of suitability for the material for the anode. For example,
when ITO is used as a material for the anode, the anode may
be formed in accordance with a DC or high-frequency sput-
tering method, a vacuum deposition method, or anion plating
method.

[0377] In the present invention, a position at which the
anode is to be disposed is not particularly limited, so long as
the anode is provided so as to come into contact with the
light-emitting layer. The position may be appropriately deter-
mined depending on the application/purpose of the light-
emitting display element. The anode may be entirely or par-
tially formed on one surface of the light-emitting layer.
[0378] Patterning for forming the anode may be performed
by a chemical etching method such as photolithography; a
physical etching method such as etching by laser; a method of
vacuum deposition or sputtering using a mask; a lift-off
method; or a printing method.

[0379] Thethickness ofthe anode is not particularly limited
and may be appropriately selected depending on the material
for the anode and is, therefore, not definitely determined. It is
generally about 10 nm to about 50 pm, preferably 50 nm to 20
pm.

[0380] The resistance of the anode is preferably 10°
Q/square or less, more preferably 10* Q/square or less. When
the anode is transparent, it may be colorless or colored. For
extracting luminescence from the transparent anode side, it is
preferred that the anode has a light transmittance of 60% or
higher, more preferably 70% or higher.

[0381] Concerning transparent anodes, there is a detail
descriptionin “TOUMEI DOUDEN-MAKU NO SHINTEN-
KAI (Novel Developments in Transparent Electrode Films)”
edited by Yutaka Sawada, published by C.M.C. in 1999, the
contents of which can be applied to the present invention.
When a plastic substrate having a low heat resistance is used,
it is preferred that ITO or IZO is used to form a transparent
anode at a low temperature of 150° C. or lower.

Cathode

[0382] The cathode is not particularly limited, so long as it
can apply an electrical field to the light-emitting layer.
Depending on the position in the light-emitting display ele-
ment, the electrode may be appropriately selected from a
transparent anode, a transparent cathode, a semi-transparent
anode, a semi-transparent cathode, a light-transmissive
anode, a light-transmissive cathode, a light-intransmissive
anode and a light-intransmissive cathode. For example, a
transparent electrode may be used as an electrode located in
the light-emitting direction from the light-emitting layer of
the light-emitting display element.

[0383] The shape, structure, size, etc. thereof are not par-
ticularly limited and may be appropriately selected from
known electrode materials depending on the application/pur-
pose of the light-emitting display element.

[0384] The material for the cathode may be appropriately
selected depending on the intended purpose. Examples
thereof include metals, alloys, metal oxides, conductive com-
pounds and mixtures thereof. Specific examples thereof
include alkali metals (e.g., Li, Na, K and Cs), alkaline earth
metals (e.g., Mg and Ca), gold, silver, lead, aluminum,
sodium-potassium alloys, lithium-aluminum alloys, magne-
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sium-silver alloys and rare earth metals (e.g., indium and
ytterbium). These may be used individually, but it is preferred
that two or more of them are used in combination from the
viewpoint of satisfying both stability and electron-injection
property.

[0385] Among them, as the materials for forming the cath-
ode, alkali metals or alkaline earth metals are preferred in
terms of excellent electron-injection property, and materials
containing aluminum as a major component are preferred in
terms of excellent storage stability. The term “material con-
taining aluminum as a major component” refers to a material
composed of aluminum alone; alloys containing aluminum
and 0.01% by mass to 10% by mass of an alkali or alkaline
earth metal; or the mixtures thereof (e.g., lithium-aluminum
alloys and magnesium-aluminum alloys).

[0386] The materials for the cathode are described in detail
in JP-A Nos. 02-15595 and 05-121172. The materials
described in these literatures can be used in the present inven-
tion.

[0387] The method for forming the cathode is not particu-
larly limited, and the cathode may be formed by a known
method. For example, the cathode may be formed by a
method which is appropriately selected from wet methods
such as printing methods and coating methods; physical
methods such as vacuum deposition methods, sputtering
methods and ion plating methods; and chemical methods
such as CVD and plasma CVD methods, in consideration of
suitability for the material for the cathode. For example, when
ametal (or metals)is (are) selected as a material (or materials)
for the cathode, one or more of them may be applied simul-
taneously or sequentially by a sputtering method.

[0388] Patterning for forming the cathode may be per-
formed by a chemical etching method such as photolithogra-
phy; a physical etching method such as etching by laser; a
method of vacuum deposition or sputtering using a mask; a
lift-off method; or a printing method.

[0389] In the present invention, a position at which the
cathode is to be disposed is not particularly limited, so long as
the cathode can apply an electric field to the light-emitting
layer. The cathode may be entirely or partially formed on the
light-emitting layer.

[0390] Furthermore, a dielectric layer having a thickness of
0.1 nm to 5 nm and being made, for example, of fluorides and
oxides of an alkali or alkaline earth metal may be inserted
between the cathode and the organic compound layer. The
dielectric layer may be considered to be a kind of electron-
injection layer. The dielectric layer may be formed by, for
example, a vacuum deposition method, a sputtering method
and an ion plating method.

[0391] The thickness of the cathode is not particularly lim-
ited and may be appropriately selected depending on the
material for the cathode and is, therefore, not definitely deter-
mined. It is generally about 10 nm to about 5 wm, and pref-
erably 50 nm to 1 pm.

[0392] Moreover, the cathode may be transparent, semi-
transparent or opaque. The transparent cathode may be
formed as follows. Specifically, a 1 nm- to 10 nm-thick thin
film is formed from a material for the cathode, and a trans-
parent conductive material (e.g., ITO and IZ0) is laminated
on the thus-formed film.

<Reflective Layer>

[0393] The reflective layer is not particularly limited, so
long as it reflects light emitted from the light-emitting layer,
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and may be appropriately selected depending on the intended
purpose. The shape, structure and size of the reflective layer
are not particularly limited and may be determined depending
on the purpose of the present invention. The thickness of the
reflective layer may be 300 nm to 1,000 nm.

[0394] The position at which the reflective layer is to be
disposed may be appropriately determined depending on the
structure of the light-emitting display element. When the
below-described substrate is provided, the reflective layer
may be disposed between the substrate and the light-emitting
layer.

[0395] The material for the reflective layer is not particu-
larly limited, so long as it can reflect light emitted from the
light-emitting layer. Examples of the material employable
include those having a reflectance of 70% or higher with
respect to the emitted light. Specific examples of the material
for the reflective layer include metals such as Al, Ag and Ni.

<Substrate>

[0396] The light-emitting display element of the present
invention may contain a substrate for the purposes of ensuring
the strength of the light-emitting display element and protect-
ing the light-emitting display element from hazardous mate-
rials derived from the environment. The shape, structure, size,
etc. of the substrate may be appropriately determined, so long
as the above purposes can be achieved. In general, the sub-
strate preferably has a plate-like shape. The structure of the
substrate may be single-layered or multi-layered. Also, the
substrate is composed of a single member or two or more
members. The substrate may be colorless or colored transpar-
ent. Preferably, the substrate is colorless transparent, since
such colorless transparent substrate does not diffuse or damp
light emitted from the organic light-emitting layer.

[0397] The position at which the substrate is to be disposed
is not particularly limited and may be appropriately deter-
mined depending on the intended purpose. Preferably, the
substrate is disposed at the outermost position of the light-
emitting display element from the viewpoint of shielding
hazardous materials derived from the environment.

[0398] The material for the substrate is not particularly
limited and may be appropriately selected depending on the
intended purpose. Examples thereof include inorganic mate-
rials such as yttria-stabilized zirconia (YSZ) and glass; and
organic materials such as polyesters (e.g., polyethylene
terephthalate, polybutylene phthalate and polyethylene naph-
thalate), polystyrene, polycarbonate, polyether sulfone, pol-
yarylate, polyimide, polycycloolefin, norbornene resins and
poly(chlorotrifluoroethylene).

[0399] For example, when the substrate is made of glass,
the glass is preferably alkali-free glass in order to reduce ions
eluted from it. Also, when soda-lime glass is used for the
material of the substrate, a barrier coat of silica, etc., is pref-
erably provided on the substrate (e.g., barrier-film sub-
strates). The organic materials are preferably used since they
are excellent in heat resistance, dimensional stability, solvent
resistance, electrical insulation and processability.
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[0400] When a thermoplastic substrate is used, a hard coat
layer, an under coat layer and other layers may be additionally
provided as necessary.

<Other Members>

[0401] The light-emitting display element of the present
invention may appropriately contain other members known in
the art depending on the intended purpose. Examples of the
other members include a light-extraction layer which emits
light emitted from the light-emitting layer toward the outside
of the light-emitting display element, an optical path length-
adjusting layer which adjusts the optical path length of light
emitted from the light-emitting layer, a gas barrier layer
which prevents permeation of air and moisture to the light-
emitting display element, a protective layer which protects
the members of the light-emitting display element from
physical/chemical external forces, and an anti-reflecting
layer which prevents reflection of light outside and/or inside
of the light-emitting display element.

EXAMPLES

[0402] The present invention will next be described by way
of Examples, which should not be construed as limiting the
present invention thereto.

Example 1

<Fabrication of Light-Emitting Display Element 1>
<<Fabrication of RGBW Color Filter 1>>

[0403] Black color resist CK-8400 (product of FUJIFILM
EBlectronics Materials Co., Ltd.) was applied by a spin coater
onto a glass substrate for fabricating a color filter so as to have
a thickness (after drying) of 1.0 um, followed by drying at
120° C. for 2 min, to thereby form a uniform black coating
film.

[0404] Next, using an exposing device, the resultant coat-
ing film was irradiated through a 100 pm-thick mask with
light having a wavelength of 365 nm at an exposure dose of
300 mJ/cm®. After irradiation, the exposed film was devel-
oped with a developer of 10% CD-1 (product of FUJIFILM
Electronics Materials Co., Ltd.) at 26° C. for 90 sec. Subse-
quently, the developed film was rinsed with running water for
20 sec, dried with an air knife, and thermally treated at 220°
C. for 60 min, to thereby form a 96 ppi black matrix pattern
(image).

[0405] Next, the following three color curable composi-
tions were dispersed with a sand mill for one day. Notably, the
green color dispersion liquid may be referred to as dispersion
liquid (A-1), the red color dispersion liquid as dispersion
liquid (A-2), and the blue color dispersion liquid as dispersion
liquid (A-3).

[Green Color: Dispersion Liquid (A-1)]

[0406] Benzyl methacrylate/methacrylic acid copolymer:
80 parts by mass

(weight average molecular weight: 30,000, acid value: 120)
Propylene glycol monomethyl ether acetate: 500 parts by
mass
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Copper phthalocyanine pigment: 33 parts by mass
C. L Pigment Yellow 185: 67 parts by mass

[Red Color: Dispersion Liquid (A-2)]

[0407] Benzyl methacrylate/methacrylic acid copolymer:
80 parts by mass

(weight average molecular weight: 30,000, acid value: 120)
Propylene glycol monomethyl ether acetate: 500 parts by
mass

C. I Pigment Red 254: 50 parts by mass

C. L. Pigment Red PR177: 50 parts by mass

[Blue Color: Dispersion Liquid (A-3)]

[0408] Benzyl methacrylate/methacrylic acid copolymer:
80 parts by mass

(weight average molecular weight: 30,000, acid value: 120)
Propylene glycol monomethyl ether acetate: 500 parts by
mass

HO

NaO,C N

\\N

C. L Pigment Blue 15:6: 95 parts by mass

C. L Pigment Violet 23: 5 parts by mass

[0409] Next, the following components were added to 60
parts by mass of each of the above color curable compositions
(i.e., dispersion liquids (A-1), (A-2) and (A-3)), to thereby
obtain compositions of every color.

Dipentaerythritol hexaacrylate (DPHA): 80 parts by mass
4-[0-Bromo-p-N,N-di(ethoxycarbonyl)aminopheny!]2,
6-di(trichloromethyl)-S-triazine: 5 parts by mass
7-[{4-Chloro-6-(diethylamino)-S-triazin-2-yl }amino]-3-
phenylcoumalin: 2 parts by mass

Hydroquinone monomethyl ether: 0.01 parts by mass
Propylene glycol monomethyl ether acetate: 500 parts by
mass

[0410] The above-prepared compositions for each color
were homogeneously mixed and then filtrated with a filter
having a pore size of 5 um, to thereby obtain three color
curable compositions of the present invention. Of these, the
green curable composition was applied by a spin coater onto
the glass substrate, on which the black matrix had been
formed, so as to have a thickness (after drying) of 1.0 pum,
followed by drying at 120° C. for 2 min, to thereby form a
uniform green coating film.

[0411] Next, using an exposing device, the resultant coat-
ing film was irradiated through a 100 pm-thick mask with
light having a wavelength of 365 nm at an exposure dose of
300 ml/em?. After irradiation, the exposed film was devel-
oped with a developer of 10% CD-1 (product of FUJIFILM
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Electronics Materials Co., Ltd.) at 26° C. for 60 sec. Subse-
quently, the developed film was rinsed with running water for
20 sec, dried with an air knife, and thermally treated at 220°
C. for 60 min, to thereby form a patterned green image (green
pixels). In the same manner as in the green curable composi-
tion, each of the red curable composition and the blue curable
composition was applied to the same glass substrate, to
thereby sequentially form a patterned red image (red pixels)
and a patterned blue image (blue pixels).

<<Fabrication of Color Filter 1 Having Polarizing Layer
Laminated on W Portion>>

[Preparation of Photo-Orientation Film Composition]
[0412] The following components were dissolved to form a
homogenous solution, and then the formed solution was pres-
sure-filtered through a membrane filter of 0.45 pm, whereby
a photo-orientation film composition was prepared.
Material of orientation layer: azo compound having the fol-
lowing structural formula (Y): 1.00 part by mass

9]
OH

SO;Na

N
N

NaOs$

CO,Na

Solvent:

[0413] N-Methyl-2-pyrrolidone: 49.50 parts by mass
2-Butoxyethanol: 49.50 parts by mass

[Fabrication of Color Filter Substrate Having Photo-Orienta-
tion Film]

[0414]
tion was applied onto a substrate with a wire bar, followed by

The thus-prepared photo-orientation film composi-

drying at 100° C. for 1 min. Subsequently, UV rays having a
wavelength of around 365 nm were applied to a white pixel-
formed portion of the substrate perpendicularly thereto. The
UV rays applied were emitted from an ultra-high-pressure
mercury lamp via a band pass filter, and thus linearly polar-
ized. Through the above procedure, a color filter substrate
having a 0.07 um-thick photo-orientation film was formed.
The integral dose of light was found to be 5 J/em?.

[Preparation of Polarizing Layer-Forming Composition]

[0415] The following components were mixed together to
prepare a polarizing layer-forming composition.

(A) Surfactant: compound (I-6) having the following struc-
tural formula: 0.01 parts by mass

(B) Solvent: chloroform: 98.99 parts by mass

(C) Azo dye: compound (A-46) having the following struc-
tural formula: 1.00 part by mass
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NH

9
)\
NH N NH

F(F,C)s(H,C0H,C),0

F(F,C)s(H,C0H,C),0
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(I-6)

O(CH,),O(CH; »(CF)sF

O(CH,),O(CH; »(CF)sF

O(CH;),O(CHp),(CF;)6F

O(CH;),O(CHp),(CF;)6F
(A-46)

CoHs

/

1-CyH, N=N N=N N=N N\
Q h

[Formation of Polarizing Layer]

[0416] The obtained polarizing layer-forming composition
was applied only on a white pixel-formed portion of the color
filter substrate having the photo-orientation film, whereby a
wet coating film was formed so as to have a thickness L' of 6
pm. The wet coating film was dried at 70° C. for 60 sec to form
a dry coating film having a thickness [.* of 0.06 um.

[0417] Furthermore, a phase difference film (a '4A phase
difference film: 27344K, product of Edmont Optics Japan)
was attached to the entire back surface of the glass substrate
with a UV-ray curable adhesive (XNR5516HYV, product of
Nagase-Chiba Co.) so that an angle of 45° was formed
between the transmission axis of the polarizing plate and the
slow axis of the phase difference film, to thereby fabricate
color filter 1 of Example 1 having a flat surface.

<<Fabrication of Organic EL Element>>

[0418] An indium tin oxide (ITO) transparent conductive
film (thickness: 150 nm) (product of GEOMATEC Corporai-
ton) on a glass substrate having TFTs was patterned through
photolithography and hydrochloric acid etching, to thereby
form an anode.

[0419] The thus-patterned ITO substrate was washed
through ultrasonication in acetone, washed with pure water,
and washed through ultrasonication in isopropyl alcohol. The
washed substrate was dried by nitrogen blow, and finally
washed through UV-ozone washing. The thus-treated sub-
strated was placed in a vacuum vapor-deposition apparatus,
and then, the vacuum vapor-deposition apparatus was evacu-
ated.

[0420] Subsequently, 4,4'-bis[N-(1-naphthyl)-N-pheny-
lamino[biphenyl (a-NPD) was heated in the vacuum vapor-
deposition apparatus so as to be vapor-deposited at a deposi-
tion rate of 0.2 nm/sec, to thereby form a 40 nm-thick hole
transport layer.

[0421] Subsequently, the following host material, blue
light-emitting material, green light-emitting material and red
light-emitting material (i.e., the materials for forming a light-
emitting layer) were heated and co-deposited simultaneously
on the formed hole transport layer, to thereby form blue,
green and red light-emitting layers.

Host Materials:

[0422] 4.4'-N N'-Dicarbazole-biphenyl (CBP) having the
following structural formula

Blue Light-Emitting Materials:

[0423] Iridium(III)bis[ (4,6-difluorophenyl)-pyridinato-N,
C2]picolinate (Firpic) having the following structural for-
mula

Green Light-Emitting Material:

[0424] Tris(2-phenylpyridine)iridium (Ir(ppy);) having the
following structural formula

Red Light-Emitting Material:

[0425] Dopant A having the following structural formula
- _ CBP
F
O O
F \h/
B N
N ya
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-continued

[0426] Notably, in the co-deposition, the deposition rate of
CBPwas adjusted to be 0.2 nm/sec. Also, the amount of Firpic
was adjusted to be 1.5% by mass, Ir(ppy); 0.5% by mass and
Dopant A 0.5% by mass. As a result, blue. green and red
light-emitting layers (each having a thickness of 30 nm) were
laminated on the hole transport layer.

[0427] Furthermore, aluminum(IIT) bis(2-methyl-8-quino-
linato)-4-phenyl phenolate (BAlq) was deposited on each
light-emitting layer at a deposition rate of 0.1 nm/sec, to
thereby form an electron transport layer having a thickness of
30 nm.

[0428] Thereafter, lithium fluoride (LiF) was deposited on
the electron transport layer at a deposition rate of 0.1 nm/sec,
to thereby form an electron injection layer having a thickness
of 1 nm. In addition, aluminum was deposited on the electron
injection layer at a deposition rate of 0.5 nm/sec, to thereby
form a cathode having a thickness of 150 nm.

[0429] Also, an aluminum lead wire was connected to the
anode and the cathode. Notably, during vapor deposition, the
layer thickness was monitored with a crystal oscillation-type
deposition controller so as to obtain a desired layer thickness.

[0430] Without being exposed to air, the obtained laminate
was placed in a glove box which had been purged with nitro-
gen gas. Separately, in the glove box, a water absorber (prod-
uct of SAES Getters Co.) was attached to a glass sealing cover
having concave portions in the inner wall thereof. The lami-
nate was sealed by this sealing cover with a UV-ray curable
adhesive (XNR5516HYV, product of Nagase-Chiba Co.).
[0431] Through the above procedure, an organic EL ele-
ment of Example 1 was fabricated.

[0432] Theabove-fabricated color filter 1 of Example 1 and
the organic EL element of Example 1 were joined together
with a UV-ray curable adhesive (XNR5516HV, product of
Nagase-Chiba Co.) so that color filter 1 was disposed at the
side where light emitted from the organic EL element of
Example 1 was emitted to the outside, to thereby fabricate a
light-emitting display element of Example 1.
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Example 2

<Fabrication of Light-Emitting Display Element>

[0433] In the fabrication of color filter 1 of Example 1,
RGB pixels were formed on a glass substrate (for fabricating
a color filter) having a phase difference film (a Y4k, phase
difference film: 27344K, product of Edmont Optics Japan)
attached thereto a UV-ray curable adhesive (XNR5516HY,
product of Nagase-Chiba Co.) instead of on the glass sub-
strate for fabricating a color filter.

[0434] A black matrix pattern was formed on the phase
difference film in the same manner as in Example 1, and then
a photo-orientation layer and a polarizing layer were formed
as described below. Thereafter, similar to Example 1, green,
red and blue pattern images were formed to fabricate color
filter 2 of Example 2 having a flat surface.

[0435] Next, color filter 2 of Example 2 and the organic EL
element of Example 1 were used to fabricate a light-emitting
display element of Example 2 in the same manner as in
Example 1.

<Formation of Color Filter Having “4A, Phase Difference
Film as Well as Polarizing Layer in W Portion>

[Preparation of Orientation Film Composition]

[0436] The following components were mixed together to
prepare a rubbing orientation film composition.

Polyvinyl alcohol having the following structural formula (X)
(material for orientation fim): 0.40 parts by mass

X
—(—CHZ—TH-)T —+CH—CHy—

OH 0—CO—CH;

Water: 74.70 parts by mass
Methanol: 24.90 parts by mass

[Fabrication of Color Filter Substrate Having Rubbing Ori-
entation Film as Well as Y42 Phase Difference Film|

[0437] The thus-prepared orientation film composition was
applied with a wire bar (#14) onto the color filter substrate
having the %4 phase difference film, followed by drying at
80° C. for 5 minand rubbing, to thereby fabricate a color filter
substrate having a 0.7 pm-thick rubbing orientation film as
well as the /%A phase difference film.

(Preparation of Polarizing Layer Composition)

[0438] Next, the following components were mixed
together to prepare a polarizing layer-forming composition.
(A) Surfactant: MEGAFAC F780: 0.01 parts by mass

(product of DIC Corporation, a compound described in
Example 1 of JP-B No. 4190275)

(B) Solvent: chloroform: 98.99 parts by mass

(C) Azo dye:
[0439] Compound (C-26) having the following structural

formula: 0.50 parts by mass

Compound (D-2) having the following structural formula:
0.50 parts by mass
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(C-26)

M\ _ I _ /=
OO0
H15C7n4©7N=N4<I:\>—N=N4©—N<CiH:

[Formation of Polarizing Layer]

[0440] Thethus-prepared polarizing layer-forming compo-
sition was applied only on a part of the color filter substrate
having the rubbing orientation film as well as the YA phase
difference film, the part corresponding to a white pixel of a
pattern image to be formed on the color filter substrate,
whereby a wet coating film was formed so as to have a
thickness L' of 6 um. The wet coating film was dried at 70° C.
for 60 sec to form a dry coating film having a thickness L. of
0.06 pm.

Comparative Example 1

[0441] The procedure of Example 1 was repeated, except
that no polarizing plate was formed in color filter 1 of
Example 1, to thereby fabricate a color filter of Comparative
Example 1 and a light-emitting display element of Compara-
tive Example 1.

Comparative Example 2

[0442] The procedure of Example 1 was repeated, except
that, in color filter 1 of Example 1, the polarizing plate was
attached to the entirety of a patterned image instead of to the
white pixels, to thereby fabricate a color filter of Comparative
Example 2 and a light-emitting display element of Compara-
tive Example 2.

Comparative Example 3

[0443] The procedure of Example 1 was repeated, except
that no color filter was formed, to thereby fabricate a light-
emitting display element of Comparative Example 3.

Example 3

<Fabrication of Organic FL Element>

[0444] (1) Through vacuum film formation, a 100 nm-thick
aluminum (Al) layer (serving as a light-reflective layer) pat-
terned correspondingly to R, G, B and W subpixels was
formed on a glass substrate having TFTs.

(2) Through ion plating, SiION was laminated on the light-
reflective layer of the R, G, B, and W subpixels (i.e., 120 nm
in R subpixel, 70 nm in G subpixel, 30 nm in B subpixel, and
2,200 nm in W subpixel), to thereby form optical path length-
adjusting layers of a transparent insulative material.

(3) Transparent electrodes (ITO, thickness: 60 nm) were
formed through patterning in the optical path length-adjust-
ing layers of the subpixels. Each transparent electrode was
conductively connected to the electrode of each TFT through
a contact hole provided in the optical path length-adjusting
layer and the reflective layer.

0-2)

(4) Light-emitting portions were covered with a metal cover,
and light non-emitting portions were covered with an insula-
tive layer.

(5) Through vacuum vapor deposition, a light-emitting layer
(white color light-emitting electrical field) and a semi-trans-
missive reflective electrode were formed as follows on the
transparent electrodes of the R, G, B and W subpixels.

[0445] First, a 40 nm-thick hole-injection layer was formed
by co-depositing 4,4',4"-tris(2-naphthylphenylamino)triph-
enylamine (abbreviated as “2-TNATA”) and F4-TCNQ (tet-
rafluorotetracyanoquinodimethane) so that the amount of
F4-TCNQ was 1.0% by mass with respect to 2-TNATA.
[0446] Subsequently.  4,4'-bis[N-(1-naphtyl)-N-pheny-
lamino|biphenyl (c.-NPD) was laminated on the hole-injec-
tion layer to form a 10 nm-thick hole transport layer.

[0447] In addition, a 30 nm-thick light-emitting layer was
formed on the hole transport layer by co-depositing 1,3-bis
(carbazol-9-yl)benzene (abbreviated as “mCP”), light-emit-
ting material A having the following structural formula (15%
by mass to mCP), light-emitting material B having the fol-
lowing structural formula (0.13% by mass to mCP) and light-
emitting material C having the following structural formula
(0.13% by mass to mCP).

|\ |\
N N

/\/ P
Pt

N N,

N/ \N

CF,

Light-emitting material B
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-continued

Light-emitting material C

[0448] Next, aluminum(IIT) bis(2-methyl-8-quinolinato)-
4-phenyl phenolate (BAlq) was laminated on the light-emit-
ting layer to form a 40 nm-thick electron transport layer.
[0449] Furthermore, LiF was deposited on the electron
transport layer so as to have a thickness of 0.5 nm, and
aluminum (Al) was deposited thereon so as to have a thick-
ness of 1.5 nm, whereby an electron injection layer was
formed.

<Semi-Transmissive Reflective Electrode>

[0450] A metal electrode of the light-emitting layer (Ag,
thickness: 20 nm) was formed through vacuum film forma-
tion.

[0451] Without being exposed to air, the obtained laminate
was placed in a glove box which had been purged with nitro-
gen gas. Subsequently, the laminate was sealed by a glass
sealing cover having concave portions in the inner wall
thereof with a UV-ray curable adhesive (XNR5516HV, prod-
uct of Nagase-Chiba Co.). Through the above procedure, EL
element 3 was fabricated.

[0452] Furthermore, color filter 1 obtained in Example 1
and organic EL element 3 were joined together with a UV-ray
curable adhesive (XNR5516HYV, product of Nagase-Chiba
Co.) so that the color filter was disposed at the side where light
emitted from the organic EL element was emitted to the
outside, to thereby fabricate a light-emitting display element
of Example 3.

Comparative Example 4

[0453] The procedure of Example 3 was repeated, except
that no polarizing plate was formed in color filter 1 of
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Example 1, to thereby fabricate a light-emitting display ele-
ment of Comparative Example 4.

Comparative Example 5

[0454] The procedure of Example 3 was repeated, except
that, in color filter 1 of Example 1, the polarizing plate was
attached to the entirety of a patterned image instead of to the
white pixels, to thereby fabricate a light-emitting display
element of Comparative Example 5.

Comparative Example 6

[0455] The procedure of Example 3 was repeated, except
that no color filter was provided, to thereby fabricate a light-
emitting display element of Comparative Example 6.

Example 4

[0456] First, a selective reflection layer was formed in color
filter 1 fabricated in Example 1, to thereby produce color filter
3.

<Formation of Selective Reflection Layer>

[0457] The surface of a polymer base (UPILEX AD, prod-
uct of UBEINDUSTRIES. LTD.) was rubbed for orientation.
[0458] The following compounds were mixed together to
prepare a cholesteric liquid crystal layer coating liquid 1
(solid content concentration: 40% by mass). Here, in the
following formulation, the amount X of compound B (chiral
agent) was adjusted to 6.4 parts by mass. Similarly, choles-
teric liquid crystal layer coating liquid 2 (solid content con-
centration: 40% by mass) was prepared. Here, the amount X
of compound B (chiral agent) was adjusted to 5.4 parts by
mass. Similarly, cholesteric liquid crystal layer coating liquid
3 (solid content concentration: 40% by mass) was prepared.
Here, the amount X of compound B (chiral agent) was
adjusted to 4.4 parts by mass.

Formulation of Cholesteric Liquid Crystal Layer Coating
Liquid

[0459] Compound A having the following structural for-
mula: 100 parts by mass

Cempound A
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Compound B having the following structural formula: X parts
by mass

.

Compound C having the following structural formula: 0.03
parts by mass

A

RN W
0

0
CsFlg/\/ \/\O

Compound D having the following structural formula: 3 parts
by mass

Compound D

=0
o

O
o8

|
~p-

Methyl ethyl ketone: appropriate amount

[0460] First, cholesteric liquid crystal layer coating liquid 1
was applied onto the polymer base with a bar coater, followed
by drying at 90° C. for 2 min in an oven, to thereby form a
cholesteric liquid crystal layer. Subsequently, in a nitrogen
atmosphere, the cholesteric liquid crystal layer was entirely
irradiated for 10 sec at 30° C. using an ultra-high-pressure
mercury lamp, to thereby form cholesteric liquid crystal layer
1. The intensity of light irradiated was adjusted to 100

BB (6]

N| o
)\

N N N

H H
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Compound B

Compound C
CeFizCeFu3

I

0]

NN N N
O/\/O\/\CéF13

/

mW/cm?, The thickness of the formed layer was measured
under a confocal microscope and found to be 4.1 pm, which
exhibited selective reflection with respect to blue light.

[0461] Next, cholesteric liquid crystal layer coating liquid 2
was similarly applied onto cholesteric liquid crystal layer 1,
to thereby form cholesteric liquid crystal layer 2.

[0462] Next, cholesteric liquid crystal layer coating liquid 3
was similarly applied onto cholesteric liquid crystal layer 2,
to thereby form cholesteric liquid crystal layer 3. Through the
above procedure, a selective reflection layer was formed on
the polymer base.

[0463] Next, an adhesive layer was formed through screen
printing on the white display portion of the A/4 phase differ-
ence film of color filter 1 obtained in Example 1.

[0464] The /4 phase difference film was laminated on the
polymer base so that the adhesive layer faced the selective
reflection layer. Then, the polymer base was peeled off and
only the selective reflection layer was transferred. Thereafter,
extra portions of the selective reflection layer were removed
with an air brush, to thereby form a A/4 phase difference film
having a patterned selective reflection layer. Through the
above procedure, color filter 3 was formed.
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[0465] Next, the above-fabricated color filter 3 and the
organic EL element 3 obtained in Example 3 were joined
together with a UV-ray curable adhesive (XNRS5516HV,
product of Nagase-Chiba Co.) so that the color filter was
disposed at the side where light emitted from the organic EL
element was emitted to the outside, to thereby fabricate a
light-emitting display element of Example 4.

Comparative Example 7

[0466] The procedure of Example 4 was repeated, except
that no polarizing layer was formed in color filter 3 obtained
in Example 4, to thereby fabricate a light-emitting display
element of Comparative Example 7.

Comparative Example 8

[0467] The procedure of Example 4 was repeated, except
that, in color filter 3 of Example 4, the polarizing plate was
attached to the entirety of a patterned image instead of to the
white pixels, to thereby fabricate a light-emitting display
element of Comparative Example 8.

Comparative Example 9

[0468] The procedure of Example 4 was repeated, except
that no selective reflection layer was formed in color filter 3
obtained in Example 4, to thereby fabricate a light-emitting
display element of Comparative Example 9.

<Evaluation>
Fvaluation of White Luminance (Relative Value)

[0469] Each of the above-obtained light-emitting display
elements was measured with a luminance meter (SR-3, prod-
uct of Top Cora. Co.) for white luminance and black lumi-
nance. The luminance meter was placed 1 m apart from the
light-emitting display element and at the same height as the
center of the light-emitting display element in the vertical
direction. Also, the luminance meter was placed at an oblique
angle of 5° in the horizontal direction with respect to the
center of the light-emitting display element. At a position
where the luminance meter was placed, the vertical lumi-
nance was adjusted to 1,000 lux with a fluorescent light.
[0470] In this state, a luminance measured without apply-
ing current to the light-emitting display element was used as
the black luminance, and a luminance measured when the
light-emitting display element was lit (operated) was used as
the white luminance. The thus-obtained white luminance of
each light-emitting display element was used to calculate a
relative value to the white luminance in Comparative
Example 3, 6 or9 (regarded as 100). Also, the above-obtained
black luminance and white luminance were used to calculate
the ratio of white luminance to black luminance.

TABLE 1

White luminance White luminance/

(relative value) Black luminance

Ex. 1 45 35
Ex.2 45 40
Comp. Ex. 1 50 15
Comp. Ex. 2 25 80
Comp. Ex. 3 100 10
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TABLE 2

White luminance/
Black luminance

White luminance
(relative value)

Ex. 3 50 40

Comp. Ex. 4 55 20

Comp. Ex. 5 30 80

Comp. Ex. 6 100 10
TABLE 3

White luminance/
Black luminance

White luminance
(relative value)

Ex 4 52 Ey)
Comp. Ex. 7 52 20
Comp. Ex. 8 28 75
Comp. Ex. 9 50 40
[0471] As is clear from Tables 1 to 3, since the circularly

polarizing layer or both the circularly polarizing layer and the
selective reflection layer were provided in the optical light
path of white light from the light-emitting layer, reflection of
external light was reduced while the white luminance (i.e.,
light emission of the light-emitting display element) was
being maintained. As a result, a decrease in contrast (white
luminance/black luminance) was prevented, and thus, a clear
display image could be observed even in the presence of
external light.

INDUSTRIAL APPLICABILITY

[0472] The color filter of the present invention can be suit-
ably used in a light-emitting display element which emits
white light. The light-emitting display element containing the
color filter realizes high-definition, full-color display, and
thus, can be suitably used in a variety of applications such as
cell phone displays, personal digital assistants (PDAs), com-
puter displays, vehicle’s information displays, TV monitors
and common lights.

REFERENCE SIGNS LIST

[0473] 1. Color filter

[0474] 11: Selective reflection layer

[0475] 12: Polarizing layer

[0476] 14: /4 wavelength layer

[0477] 16: Circularly polarizing layer
[0478] 18: Filter layer

[0479] 18w: White filter portion

[0480] 18~: Red filter portion

[0481] 18g: Green filter portion

[0482] 18 Blue filter portion

[0483] 22: Support

[0484] 100: Light-emitting display element
[0485] 102: Cathode

[0486] 104: Anode

[0487] 106: Light-emitting layer

[0488] 108: Optical path length adjusting layer
[0489] 110: Insulative layer

[0490] 112: Reflective layer

[0491] 114: Substrate

[0492] 116: Flattening layer

[0493] 118: TFT
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1. A color filter for use in a light-emitting display element
which emits at least white light, the color filter comprising:

a circularly polarizing layer which comprises a polarizing

layer, the polarizing layer having an orientation layer
and a liquid crystal compound layer,

wherein the circularly polarizing layer is formed only in an

optical path of the white light.

2. The color filter according to claim 1, wherein the circu-
larly polarizing layer comprises the polarizing layer and a Y4
wavelength layer.

3. A color filter for use in a light-emitting display element
which emits at least white light, the color filter comprising:

a selective reflection layer, and

a circularly polarizing layer which comprises a polarizing

layer,

the polarizing layer having an orientation layer and a liquid

crystal compound layer,

wherein the circularly polarizing layer and the selective

reflection layer are formed only in an optical path of the
white light.

4. The color filter according to claim 3, wherein the selec-
tive reflection layer comprises a cholesteric liquid crystal
compound.

Apr. 26,2012

5. The color filter according to claim 1, wherein the color
filter comprises a support, and the support is a transparent
support.

6. The color filter according to claim 5, wherein the support
is the %4 wavelength layer.

7. A light-emitting display element comprising:

a color filter, and

a light-emitting layer which emits at least white light,

wherein the color filter is a color filter for use in the light-

emitting display element which emits the at least white
light, the color filter comprising a circularly polarizing
layer which comprises a polarizing layer, the polarizing
layer having an orientation layer and a liquid crystal
compound layer, and

wherein the circularly polarizing layer is formed only in an

optical path of the white light.

8. The light-emitting display element according to claim 7,
wherein the light-emitting display element has an optical
resonator structure.

9. The light-emitting display element according to claim 7,
wherein the light-emitting layer comprises at least one phos-
phorescent light-emitting material.
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