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(57) ABSTRACT

A method for producing a wire-grid polarizer includes the
steps of preparing a resin film including a concave part
formed thereon, the concave part having a submicron-sized
grating pattern, the resin film having a visible light transmit-
tance of 80% or more; filling the concave part with an elec-
troconductive nano-material having an average diameter
equal to or smaller than one-half of an average line width of
the concave part; and removing the electroconductive non-
material which has not been filled into the concave part.
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WIRE-GRID POLARIZER, METHOD FOR
PRODUCING THE WIRE-GRID POLARIZER,
RETARDATION FILM AND LIQUID CRYSTAL
DISPLAY DEVICE USING THE
RETARDATION FILM

TECHNICAL FIELD

[0001] The present invention relates to a wire-grid polar-
izer, a method for producing the wire-grid polarizer, a retar-
dation film and a liquid crystal display device using the retar-
dation film.

BACKGROUND OF THE INVENTION

[0002] As polarizers in the field of optics, a sheet polarizer,
a polarizing prism, a pile of plates, and a wire-grid polarizer
are used. Among these polarizers, a wire-grid polarizer is a
polarizer, having a metal grating with its grating spacing
sufficiently shorter than the wavelength of light, utilizing an
ability of reflecting polarized light parallel to a metal grating
while allowing polarized light perpendicular to the grating to
pass therethrough. Such wire-grid polarizer is producible as a
thin film, and thus is used for various applications. Moreover,
the wire-grid polarizer can attain a higher extinction ratio than
a sheet polarizer, and furthermore has a high durability. As a
result, the wire-grid polarizer is widely used as a polarizer in
a projection optical system.

[0003] Heretofore, such a wire-grid polarizer has been used
mainly as a polarizer for an infrared region. However, it is
known that the wire-grid polarizer can also be used as a
polarizer for a visible region (400 nm to 800 nm) by shorten-
ing the grating period of the metal grating, and a method for
producing the same has been studied. For example, Japanese
Unexamined Patent Application Publication No. 2006-
201540 (Document 1) discloses a method for producing a
wire-grid polarizer, including the steps of: uniaxially stretch-
ing a to-be-stretched member, which has a finely-grooved
grating on its surface at a pitch of 0.01 pm to 100 pm, in a
direction substantially parallel to a longitudinal direction of
the grooved grating while leaving the to-be-stretched member
free in a width direction substantially perpendicularly to the
longitudinal direction; forming a metal layer on the finely-
grooved grating of the stretched member thus uniaxially-
stretched; and pressing a polarizing plate main frame against
the stretched member and detaching the polarizing plate main
frame from the stretched member to form metal wires on the
polarizing plate main frame at a pitch corresponding to the
fine grooves of the grating.

[0004] However, amethod for producing a wire-grid polar-
izer as described in Document 1 requires complicated steps,
particularly a step of depositing a metal that requires a
vacuum process. Accordingly, this method is not suitable as
an industrial production method of a wire-grid polarizer hav-
ing a large area.

[0005] Meanwhile, Japanese Unexamined Patent Applica-
tion Publication No. 2006-84776 (Document 2) discloses a
method for producing a wire-grid polarizer, including the
stages of: forming a mold; forming a thin metal film and a
polymer in a predetermined order on a substrate; molding the
polymer by utilizing the mold; etching the thin metal film by
utilizing the molded polymer to form a metal grating pattern;
and removing the polymer.

[0006] However, the method for producing a wire-grid
polarizer as described in Document 2 requires the etching
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steps at least twice. Accordingly, this method is complicated
in terms of the process, and also has a problem in the mass
productivity.

DISCLOSURE OF THE INVENTION

[0007] The present invention has been made in consider-
ation of the above-described problems in the conventional
techniques. An object of the present invention is to provide a
method for producing a wire-grid polarizer, enabling efficient
and reliable production of a wire-grid polarizer which has a
metal grating with a sufficiently short grating period and
which can be used as a polarizer for a visible region; a wire-
grid polarizer obtained according to the method; a retardation
film including the wire-grid polarizer on its film surface; and
a liquid crystal display device using the retardation film.
[0008] The present inventors have earnestly studied in
order to achieve the above object. As a result, the inventors
have revealed that, by a method for producing a wire-grid
polarizer, comprising the steps of: preparing a resin film
including a concave part formed thereon, the concave part
having a grating pattern of submicron size, the resin film
having a visible-light transmittance of 80% or more; filling
the concave part with an electroconductive nano-material
having an average diameter equal to or smaller than % of an
average linewidth of the concave part; and removing the
electroconductive nano-material which has not been filled
into the concave part, it is made possible to efficiently and
reliably produce a wire-grid polarizer which has a metal
grating with a sufficiently short grating period and which can
be used as a polarizer for a visible region. This discovery has
led the inventors to complete the present invention.

[0009] To be more specific, a method for producing a wire-
grid polarizer of the present invention is a method comprising
the steps of:

[0010] preparing a resin film including a concave part
formed thereon, the concave part having a grating pattern of
submicron size, the resin film having a visible-light transmit-
tance of 80% or more;

[0011] filling the concave part with an electroconductive
nano-material having an average diameter equal to or smaller
than ¥4 of an average linewidth of the concave part; and
[0012] removing the electroconductive nano-material
which has not been filled into the concave part.

[0013] Moreover, in the method for producing a wire-grid
polarizer of the present invention, an absolute value of an
imaginary part of a complex refractive index of the electro-
conductive nano-material is preferably larger than 0.1.
[0014] Furthermore, in the method for producing a wire-
grid polarizer of the present invention, the concave part
formed on the resin film has a grating pattern with a grating
period of 400 nm or less and a linewidth of 200 nm or less.

[0015] A wire-grid polarizer of the present invention com-
prises:
[0016] a resin film including a concave part formed

thereon, the concave part having a grating pattern of submi-
cron size, the resin film having a visible-light transmittance of
80% or more; and

[0017] any one of an electroconductive nano-material and
an aggregate thereof which are filled into the concave part.
[0018] Moreover, in the wire-grid polarizer of the present
invention, an absolute value of animaginary part of a complex
refractive index of the electroconductive nano-material is
preferably larger than 0.1.
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[0019] Furthermore, in the wire-grid polarizer of the
present invention, the concave part formed on the resin film
has a grating pattern with a grating period of 400 nm or less
and a linewidth of 200 nm or less.

[0020] A retardation film of the present invention com-
prises the wire-grid polarizer. Moreover, a liquid crystal dis-
play device of the present invention comprises the retardation
film.

[0021] According to the present invention, it is possible to
provide: a method for producing a wire-grid polarizer,
enabling efficient and reliable production of a wire-grid
polarizer which has a metal grating with a sufficiently short
grating period and which can be used as a polarizer for a
visible region; a wire-grid polarizer obtained according to the
method; a retardation film including the wire-grid polarizer
on its film surface; and a liquid crystal display device using
the retardation film.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a scanning electron microphotograph of a
wire-grid polarizer obtained in Example 1.

[0023] FIG. 2 is a scanning electron microphotograph of a
wire-grid polarizer obtained in Example 2.

[0024] FIG. 3 is a scanning electron microphotograph of a
wire-grid polarizer obtained in Example 3.

[0025] FIG. 4 is a graph illustrating the relationship
between the degree of polarization and the wavelength of
transmitted light in the wire-grid polarizer obtained in
Example 1.

[0026] FIG. 5 is a graph illustrating the relationship
between the degree of polarization and the wavelength of
transmitted light in the wire-grid polarizer obtained in
Example 2.

[0027] FIG. 6 is a graph illustrating the relationship
between the degree of polarization and the wavelength of
transmitted light in the wire-grid polarizer obtained in
Example 3.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] The present invention will be described in detail
below according to preferred embodiments.

[0029] Firstly, amethod for producing a wire-grid polarizer
of the present invention will be described. Specifically, the
method for producing a wire-grid polarizer of the present
invention is a method comprising the steps of:

[0030] preparing a resin film including a concave part
formed thereon, the concave part having a grating pattern of
submicron size, the resin film having a visible-light transmit-
tance of 80% or more (first step);

[0031] filling the concave part with an electroconductive
nano-material having an average diameter equal to or smaller
than %2 of an average linewidth of the concave part (second
step); and

[0032] removing the electroconductive nano-material
which has not been filled into the concave part (third step).
[0033] In the first step, prepared is a resin film including a
concave part formed thereon, the concave part having a grat-
ing pattern of submicron size, the resin film having a visible-
light transmittance of 80% or more. In such a resin film, a
concave part having a grating pattern of submicron size needs
to be formed. In the present invention, such a concave part is
filled with an electroconductive nano-material, which will be
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described later, to thus form a metal grating. Accordingly, the
shorter the grating period of such a concave part, the shorter
the grating period of the metal grating in a wire-grid polarizer
to be produced. For this reason, in such a resin film, the
concave part formed on the resin film preferably has a grating
pattern with a grating period of 400 nm or less and a linewidth
of 200 nm or less, and the concave part more preferably has a
grating pattern with a grating period of 200 nm or less and a
linewidth of 100 nm or less. If the grating period or the
linewidth exceeds the upper limits, the degree of polarization
in the visible region of the obtained wire-grid polarizer tends
to be insufficient.

[0034] Moreover, such a resin film needs to have a visible-
light transmittance of 80% or more. If the visible-light trans-
mittance is less than 80%, the visible-light transmittance of
the obtained wire-grid polarizer tends to be insufficient. Fur-
thermore, although the thickness of such a resin film is not
particularly limited, the thickness is preferably in a range
from 0.5 pm to 300 pm, and more preferably in a range from
1 pm to 100 pm. If the thickness is less than the lower limit,
the strength of the obtained wire-grid polarizer tends to be
insufficient. Meanwhile, if the thickness exceeds the upper
limit, the visible-light transmittance of the obtained wire-grid
polarizer tends to be insufficient.

[0035] Additionally, the material of such a resin film is not
particularly limited as long as the resin has a visible-light
transmittance of 80% or more. The examples include: photo-
curable resins; thermosetting resins such as an epoxy resin
and phenolic resin; and thermoplastic resins such as triacetyl
cellulose, polyethylene terephthalate, poly(cycloolefin),
polysulfone, polyethersulfone, polyetherimide, polycarbon-
ate, polystyrene, polyethylene naphthalate, poly(methyl
methacrylate), poly(trifluoroethyl methacrylate), poly(isobu-
tyl methacrylate), polyethylene glycol bis(allyl carbonate),
poly(methyl acrylate), poly(diallyl phthalate), poly(phenyl
methacrylate), poly(vinyl benzoate), and an acrylic resin con-
taining a lactone acid. These materials of the resin film can be
used alone or in combination of two or more kinds.

[0036] Moreover, a method of preparing a resin film includ-
ing a concave part having such a grating pattern formed
thereon is not particularly limited. A method that can be
adopted, for example, includes the steps of: forming a coating
film on a mold by coating the mold with a hardening resin;
disposing a support film on the coating film; forming a resin
film by hardening the hardening resin to adhere the support
film to the coating film including a concave part formed
thereon, the concave part having a grating pattern; and
detaching the resin film from the mold.

[0037] It is only required that such a mold include a con-
cave part or aconvex part on the surface so as to have a grating
pattern of submicron size. For example, a reflection-type
diffraction grating may be used as the mold. Moreover, the
material of such a mold is not particularly limited, and may be
a metal or an inorganic material such as glass. However,
preferable are silicon, silicon carbide, silica glasses, silicas,
nickel, and tantalum. Furthermore, as such a hardening resin,
any one of a photocurable resin and a thermosetting resin can
be used. However, from the perspective of workability, a
photocurable resin is preferable. Additionally, it is only
required that such a support film be a film made of a resin
having a visible-light transmittance of 80% or more, and a
known resin film can be used accordingly.

[0038] Inthe second step, the concave part is filled with an
electroconductive nano-material having an average diameter
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equal to or smaller than %> of an average linewidth of the
concave part. Such an electroconductive nano-material refers
to nanoparticles or nanofiber of electroconductive material.
Moreover, examples of the electroconductive material
include: metals such as silver, copper, gold, aluminum, tin
oxide, zinc, tungsten, nickel and platinum; metal oxides such
as tin oxide, fluorine-doped tin oxide, indium oxide, tin-
doped indium oxide and zinc oxide: and carbon materials
such as carbon nanotube, carbon nanofiber, fullerene and
graphite.

[0039] Moreover, such an electroconductive nano-material
needs to have an average diameter equal to or smaller than %2
of an average linewidth of the concave part. If the average
diameter exceeds 'z of the average linewidth of the concave
part, the concave part of the resin film cannot be filled with the
electroconductive nano-material sufficiently. Note that the
average diameter refers to an average particle diameter in a
case where such an electroconductive nano-material is nano-
particles of electroconductive material, or refers to a diameter
of an approximate circle inscribed to the cross-sectional
shape of the cylinder in a case where the electroconductive
nano-material is a nanotube or nanofiber of electroconductive
material. Furthermore, in a case where such an electrocon-
ductive nano-material is nanoparticles of electroconductive
material, the average particle diameter of the nanoparticles is
preferably 30 nm or less, and more preferably in a range from
1 nm to 20 nm. If the average particle diameter exceeds the
upper limit, there is a tendency that the concave part of the
resin film cannot be filled with the electroconductive nano-
material sufficiently. Meanwhile, nanoparticles with an aver-
age particle diameter less than the lower limit tend to be
difficult to produce.

[0040] Furthermore, from the perspective of efficiently
causing optical plasma resonance in order to achieve a high
degree of polarization, an absolute value of an imaginary part
of a complex refractive index of such an electroconductive
nano-material is preferably larger than 0.1.

[0041] Additionally, as a method of filling the concave part
with the electroconductive nano-material in the above-de-
scribed manner, it is possible to adopt a method in which an
ink or paste containing an electroconductive nano-material is
applied to the surface of the resin film having the concave part
formed thereon. By such a method, the concave part can be
filled with the electroconductive nano-material, since the
electroconductive nano-material has an average diameter
equal to or smaller than 4 of an average linewidth of the
concave part.

[0042] Additionally, as such an ink or paste containing an
electroconductive nano-material, one that contains an elec-
troconductive nano-material having a predetermined average
diameter can be selected and used accordingly. It is possible
to use an ink or paste that contains, besides the electrocon-
ductive nano-material, for example, a resin composition; an
additive such as a dispersion stabilizer or a surfactant; and a
dispersion medium such as water or an organic solvent. Fur-
thermore, as such an ink or paste containing an electrocon-
ductive nano-material, inks or pastes that are described in, for
example, International Publication No. W02002/33554,
Japanese Unexamined Patent Application Publication No.
2006-219693, Japanese Unexamined Patent Application
Publication No. 2004-273205, Japanese Unexamined Patent
Application Publication No. 2005-81501, International
Application Japanese-Phase Publication No. 2005-531679,
and International Application Japanese-Phase Publication
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No. 2005-507452 can be used. Additionally, ones that are
commercially available may be used as such an ink or paste
containing an electroconductive nano-material. For example,
silver nano-metal ink, gold nano-metal ink, copper nano-
metal ink, ITO (tin-doped indium oxide) nano-metal ink
(these are available from ULVAC Materials, Inc.), and carbon
nanofiber (available from JEMCO Inc.) can be used.

[0043] In the third step, the electroconductive nano-mate-
rial which has not been filled into the concave part is removed.
As examples of a method of removing the electroconductive
nano-material which has not been filled into the concave part,
the followings can be adopted: (i) a method in which the
electroconductive nano-material which has not been filled
into the concave part is wiped in a direction perpendicular to
a grating longitudinal direction using a wiper; and (ii) a
method in which the electroconductive nano-material which
has not been filled into the concave part is scraped by pressing
a thin metal plate such as a doctor blade used in gravure
printing to the electroconductive nano-material. Moreover, as
such a wiper, a low-dust wiper is preferably used. Further-
more, in such a third step, after the electroconductive nano-
material which has not been filled into the concave part is
removed, the electroconductive nano-material which has
been filled into the concave part may be calcined or dried at a
temperature of 80° C. to 400° C. for 3 minutes to 120 minutes,
for example.

[0044] The method for producing a wire-grid polarizer of
the present invention is a method comprising the above-de-
scribed first, second and third steps. Such a method for pro-
ducing a wire-grid polarizer, enables efficient and reliable
production of a wire-grid polarizer which has a metal grating
with a sufficiently short grating period and which can be used
as a polarizer for a visible region.

[0045] Next, a wire-grid polarizer of the present invention
will be described. Specifically, the wire-grid polarizer of the
present invention comprises: a resin film including a concave
part formed thereon, the concave part having a grating pattern
of submicron size, the resin film having a visible-light trans-
mittance of 80% or more; and

[0046] any one of an electroconductive nano-material and
an aggregate thereof which are filled in the concave part.
[0047] Such a wire-grid polarizer can be obtained accord-
ing to the above-described method for producing a wire-grid
polarizer of the present invention. Moreover, such a wire-grid
polarizer has a metal grating with a sufficiently short grating
period, and can be used as a polarizer for a visible region.
[0048] The resin film according to the present invention
includes a concave part formed thereon, the concave part
having a grating pattern of submicron size, and has a visible-
light transmittance of 80% or more. Moreover, in such a resin
film, the concave part formed on the resin film preferably has
a grating pattern with a grating period of 400 nm or less and
a linewidth of 200 nm or less, and the concave part more
preferably has a grating pattern with a grating period of 200
nm or less and a linewidth of 100 nm or less. If the grating
period or the linewidth exceeds the upper limit, the degree of
polarization in the visible region of the obtained wire-grid
polarizer tends to be insufficient. Note that, as such a resin
film, the same resin film as the one used in the above-de-
scribed method for producing a wire-grid polarizer of the
present invention can be used.

[0049] With the electroconductive nano-material accord-
ing to the present invention, the concave part is filled. Alter-
natively, in the present invention, the concave part may be
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filled with an aggregate of such an electroconductive nano-
material. Furthermore, from the perspective of efficiently
causing optical plasma resonance in order to achieve a high
degree of polarization, an absolute value of an imaginary part
of a complex refractive index of such an electroconductive
nano-material is preferably larger than 0.1. Additionally, as
such an electroconductive nano-material, the same electro-
conductive nano-material as the one used in the above-de-
scribed method for producing a wire-grid polarizer of the
present invention can be used.

[0050] Next, a retardation film and a liquid crystal display
device of the present invention will be described. Specifically,
the retardation film of the present invention comprises the
wire-grid polarizer. Such a retardation film is useful as a
polarizer-integrated retardation film in the field of optics.
Moreover, the liquid crystal display device of the present
invention comprises such a retardation film.

EXAMPLES

[0051] Hereinafter, the present invention will be more spe-
cifically described on the basis of Examples. However, the
present invention is not limited to the following Examples.

Example 1

[0052] Firstly, prepared were a silica-glass mold (produced
by NTT-AT Nanofabrication Corporation, product name
“NIM-80L RESO”), a UV curable resin (produced by TOA-
GOSEI CO., LTD., product name “UV-3400"), and a support
film (produced by Fuji Photo Film Co., Ltd., product name
“triacetylcellulose (TAC) film”, film thickness: 80 um).
[0053] Then, several droplets of the UV curable resin were
added onto the silica-glass mold including a concave part
formed thereon, the concave part having a grating pattern
with a grating period of 200 nm and a linewidth of 100 nm.
After the resultant mold was covered with the support film,
the support film was rubbed with a handroller. Thereby, the
UV curable resin was spread on the silica-glass mold uni-
formly. Subsequently, the UV curable resin was irradiated
with an ultraviclet ray of 600 mJ/em? from the support film
side and hardened. Thereby, a coating film of the UV curable
resin in which a concave part having a grating pattern was
formed was caused to adhere to the support film. Thus, a resin
film including the concave part having the grating pattern
formed thereon was formed. Thereafter, the obtained resin
film was detached from the silica-glass mold. Notethat, in the
obtained resin film, the concave part having a grating pattern
with a grating period of 200 nm and a linewidth of 100 nm was
formed.

[0054] Then, a sliver nano-metal ink (produced by ULVAC
materials, Inc., product name “Ag nano-metal ink Ag1TeH”)
was added dropwise to the surface of the obtained resin film.
Thereby, the concave part formed in the resin film was filled
with the silver nano-metal ink. Subsequently, the silver nano-
metal ink which has not been filled into the concave part was
wiped in a direction perpendicular to a grating longitudinal
direction using a wiper (produced by Asahi Kasei Corpora-
tion, product name “Clean Wipe-P”). Thereafter, the remain-
ing silver nano-metal ink in the concave part was dried at a
temperature of 90° C. for 1 hour. Thus, a wire-grid polarizer
was obtained.

[0055] FIG. 1 shows a scanning electron microphotograph
of the obtained wire-grid polarizer. As shown in FIG. 1, it was
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observed that the obtained wire-grid polarizer had a metal
grating with a grating period of 200 nm and a linewidth of 100
nm.

Example 2

[0056] A resin film and a wire-grid polarizer were obtained
in the same manner as that in Example 1 except that the UV
curable resin was added dropwise onto a silica-glass mold
including a concave part formed thereon, the concave part
having a grating pattern with a grating period of 400 nm and
a linewidth of 200 nm. Note that, in the obtained resin film, a
concave part having a grating pattern with a grating period of
400 nm and a linewidth of 200 nm was formed.

[0057] FIG. 2 shows a scanning electron microphotograph
of the obtained wire-grid polarizer. As shownin FIG. 2, it was
observed that the obtained wire-grid polarizer had a metal
grating with a grating period of 400 nm and a linewidth of 200
nm.

Example 3

[0058] A resin film and a wire-grid polarizer were obtained
in the same manner as that in Example 1 except that the UV
curable resin was added dropwise onto a silica-glass mold
including a concave part formed thereon, the concave part
having a grating pattern with a grating period of 600 nm and
a linewidth of 300 nm. Note that, in the obtained resin film, a
concave part having a grating pattern with a grating period of
600 nm and a linewidth of 300 nm was formed.

[0059] FIG. 3 shows a scanning electron microphotograph
of the obtained wire-grid polarizer. As shown in FIG. 3, it was
observed that the obtained wire-grid polarizer had a metal
grating with a grating period of 600 nm and a linewidth of 300
nm.

[0060] <Measurement of Degree of Polarization>

[0061] (i) Method of Measuring Degree of Polarization
[0062] The wire-grid polarizers obtained in Examples 1 to
3 were used as samples. The microspectroscope used here
was a transmission polarizing microscope (produced by
Minolta Co., Ltd.) equipped with a spectroscope (produced
by Hamamatsu Photonics K. K., product name “PMA-117).
Using the microspectroscope, transmission spectra (spectra
showing the relationship between the transmittance and the
wavelength of transmitted light) of the samples were mea-
sured under polarized light. Then, from the obtained mea-
surement results, the degrees of polarization in the visible
region were calculated as follows.

[0063] Specifically, at first, while the angle of the transmis-
sion axis of polarizer attached to the microscope was set at 0°,
the transmittance of a slide glass was measured; the obtained
measurement value was regarded as 0° reference. Then, the
sample was fixed onto the slide glass, which was placed on a
sample stage of the microscope in a manner that the grating
longitudinal direction was at 90°. The transmittance was mea-
sured while the sample was focused at 400-fold magnifica-
tion. After that, a sample transmittance T0 in a case where the
angle of the transmission axis of the polarizer attached to the
microscope was set at 0° was calculated according to the
following calculation formula:

T0=(transmittance of slide glass+sample)/(0° refer-
ence)x100%.

[0064] Next, while the angle of the transmission axis of the
polarizer attached to the microscope was set at 90°, the trans-
mittance of a slide glass was measured; the obtained mea-
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surement value was regarded as 90° reference. Then, the
sample was fixed on the slide glass, which was placed on the
sample stage of the microscope in a manner that the grating
longitudinal direction was at 90°. The transmittance was mea-
sured while the sample was focused at 400-fold magnifica-
tion. After that, a sample transmittance T90 in a case where
the angle of the transmission axis of the polarizer attached to
the microscope was set at 90° was calculated according to the
following calculation formula:

T90=(transmittance of slide glass+sample)/{90° refer-
ence)x100%.

[0065] Next, using the obtained values of T0 and T90, a
degree of polarization P of the sample was calculated accord-
ing to the following calculation formula:

P={(T0-T90)/(T0+T90)}'2.

[0066] (ii) Measurement Results

[0067] FIGS. 4 to 6 shows graphs illustrating the relation-
ship between the degree of polarization and the wavelength of
transmitted light in the wire-grid polarizers obtained in
Examples 1 to 3, respectively.

[0068] As apparent from the result shown in FIG. 4, it was
observed that a sufficient degree of polarization was obtained
in a visible region (400 nm to 800 nm) with the wire-grid
polarizer (Example 1) of the present invention. It was
observed that the degree of polarization over 60% was
obtained particularly in a wavelength range from 450 nm to
570 nm, and that the maximum value reached approximately
90%. Moreover, as apparent from the result shown in FIG. 5,
it was observed that, although a sufficient degree of polariza-
tion was not obtained ina visible region where the wavelength
was shorter than 550 nm with the wire-grid polarizer (Ex-
ample 2) of the present invention, the degree of polarization
over 60% was obtained in a visible region where the wave-
length was longer than 550 nm. Furthermore, as apparent
from the result shown in FIG. 6, some degree of polarization
was obtained in a visible region with the wire-grid polarizer
(Example 3) of the present invention, but the degree of polar-
ization was less than 50%. Therefore, it was found out that the
shorter the grating period and the linewidth, the higher the
degree of polarization achieved in the visible region.

[0069] It was also found out that the method for producing
awire-grid polarizer of the present invention enables efficient
and reliable production of a wire-grid polarizer which has a
metal grating with a sufficiently short grating period, and
which can be used as a polarizer for a visible region.

INDUSTRIAL APPLICABILITY

[0070] As has been described above, according to the
present invention, it is possible to provide: a method for
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producing a wire-grid polarizer, enabling efficient and reli-
able production of a wire-grid polarizer which has a metal
grating with a sufficiently short grating period and which can
be used as a polarizer for a visible region; a wire-grid polar-
izer obtained according to the method; a retardation film
including the wire-grid polarizer on its film surface; and a
liquid crystal display device using the retardation film.

1. A method for producing a wire-grid polarizer, compris-

ing the steps of:

preparing a resin film including a concave part formed
thereon, the concave part having a grating pattern of
submicron size, the resin film having a visible-light
transmittance of 80% or more;

filling the concave part with an electroconductive nano-
material having an average diameter equal to or smaller
than ¥ of an average linewidth of the concave part; and

removing the electroconductive nano-material which has
not been filled into the concave part.

2. The method for producing a wire-grid polarizer, accord-

ing to claim 1, wherein

an absolute value of an imaginary part of a complex refrac-
tive index of the electroconductive nano-material is
larger than 0.1.

3. The method for producing a wire-grid polarizer, accord-

ing to claim 1, wherein

the concave part formed on the resin film has a grating
pattern with a grating period of 400 nm or less and a
linewidth of 200 nm or less.

4. A wire-grid polarizer comprising:

a resin film including a concave part formed thereon, the
concave part having a grating pattern of submicron size,
the resin film having a visible-light transmittance of
80% or more; and

any one of an electroconductive nano-material and an
aggregate thereof which are filled into the concave part.

5. The wire-grid polarizer according to claim 4, wherein

an absolute value of an imaginary part of a complex refrac-
tive index of the electroconductive nano-material is
larger than 0.1.

6. The wire-grid polarizer according to claim 4, wherein

the concave part formed on the resin film has a grating
pattern with a grating period of 400 nm or less and a
linewidth of 200 nm or less.

7. A retardation film comprising;

the wire-grid polarizer according to claim 4.

8. A liquid crystal display device comptrising:

the retardation film according to claim 7.
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