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SPECIFICATION
FILTER FOR LIQUID CRYSTAL DISPLAY DEVICE

FIELD OF THE INVENTION

The present invention relates to a filter for a liguid crys-

tal display device, which will widen an angle of view and suppress
decrease of picture quality caused by opaque parts of the device,
when the«fﬂter is fitted to the liquid crystal display device.
DESCRIPTION OF CONVENTIONAL ART

In these years, a liquid crystal display device is expected

as a display device which can compete with a cathode ray tube (CRT),
because of its characteristics such as iis thinness, light weight and
high picture quality. As addressing modes of the liquid crystal
display device, there have been developed a TN type, a STN type, a
ferroelectric type or a polymer dispersion type, and a liquid crystal
display device with multicolor and high definition is commercially
sold. |

With the demand for a large area display and.-d'evelopment
of high-vision technique, an enlarging projection type display device
is being spread. In addition, with the increase of a processing spesd
of a computer, a virtual reality display device, which displays an
image as if it were actually present, uses a liquid crystal display
device as a display device which is worn on a head like a goggle.

Most of the liquid crystal display devices mainly use the
TN or STN as the addressing mode. Sucn addressing mode has a
drawback that an angie of view in which the image has satisfaciory
guelity is narrow since, when a displaysd image is seen from ar

upoer or lower angle and/or a right or ieft side angle, brightness and
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contrast of the image are considerably deteriorated. This characte-
ristic of the angle of view has been studied for a long time to imp-
rove it.

As one of methods for the improvement of the above
drawback, a method for correcting a pretilt angle of liquid crysta!
molecule using an orientation separating technique has been studied.
However, since this method makes the production step complicated,
large increase of a produbtion cost is unavoidable.

As a simple method, there is known a method for diffu-
sing light-in a wide angle range by the provision of a diffusing sheet
on a liquid crystal display panel. Since a iransmission of the diffu-
sing sheet is usually 80 % or less, the brightness of the liquid crys-
tal display face plane is decreased. The effect of enlarging the angie
of view is larger as an angular distribution of light to be diffused by

the diffusing sheet is wider. However, a currently used diffusing

M

sheet has a narrow light diffusing angle, and a shest having a wid

diffusing angle is sought.

A Hquid crysial display device based on other addressin

«2

moede is undsr dsvelopment. and dees not have commercially suiii-

bus elecirodes or TFT are provided around pixels. In the case of a2
display device which enlarges the image of the liguid crystal display
device such as the liquid crystal projector or the virtual reality
dicpiay device, since the opague paris form shadows on a displaved
cicturs which is snlarged and projecied, the image qualily is cors.cz-
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cation Nos. 232460/1993 and 273540/1993 propose the provision of
a phase lattice on a substrate of a transmission type liquid crystal
display device, which is on a light emitting side. This proposal supp-
resses the decrease of image quality by bending a light beam which
passes through a pixel of the liquid crystal display device by a light
diffraction effect of the phase lattice to shift the light beam to the
shadow formed by the opaque part. As the phase lattice, there are
exemplified a shape modulation type phase lattice which can be
produced by a photolithography method and a refractive index modu-
lation type phase lattice which is prepared by distributing monomer
having different refractive index in a resin and polymerizing them.
Since the phase lattice easily generates Moiré fringes due to its
regular structure, an accuracy during the production of the phase
lattice should be made high.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a filier

which can widen an angle of view of a liquid crystal display device,
and decrease a shadow area caused by-opaque paris of the device,
less suffers from the generation of the Moiré fringes, when it is
fitted 1o a light emitting side of the liquid crystal display device,
and is easily produced.

As a resuft of the extensive study, it has been found that
the above object is achieved by a filter comprising a light diffusing
plate which is prepared by forming a specific photopolymerizable
compoesition in a film-form and irradiating a UV light on the film-
form composition, and the present inveniion has been compieted.

Accordingly, the present invention provides a filter for

aliquid crystal display device, comprising a light diffusing plate
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which is obtained by forming a composition which comprises at least
two photopolymerizable oligomers or monomers having refractive
indexes which differ each other by at least 0.01 in a film-form and
irradiating a UV light on said film-form composition.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional view showing a structure of a
TFT addressed direct vision type liquid crystal display device -to
which an example of the filter for the liquid crystal display device
according to the present .invention is fitted.

Fig. 2 is a cross sectional view showing a structure of a
conventional TFT addressed direct vision type liquid crystal display
device.

Fig. 3 is a plan view of a TFT substrate

Fig. 4 is a plan view of a color filter.

Fig. 5 is a schematic view showing a method for
measuring an angular distribution of diffused light through a filter
for a tiquid crystal display device.

Fig. 6 is a graph showing angular distributions of inten-
s?ty of diffused light of a filter for a liquid crystal display device.

Fig. 7 is a cross sectional view showing a structure of a
UV light irradiating apparatus. .

Fig. 8 is a perspective view schematically showing a UV
light irradiating apparatus.

DETAILED DESCRIPTION OF THE INVENTION

fn the present invention, at least two photopolymerizable
cligomers and/or monomers diffraction indexes of which differ each

other are used.
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Examples of combinations are two monomers; one mono-
mer and one oligomer, two oligomers, and the one obtained by further
adding at leést one monomer or aligomer to the combinations above.

In each combination, a difference of diffractive index
between at least two components is at least 0.01. Preferably, at
least one component thereof has at least two photopolymerizable
functional groups. _

A specific example of the combination of the photo-
polymerizable monomers or oligomers is a combination of at least
one component sefected from the group consisting of monomers such
as 2,4,6-tribromophenyl acrylate, tribromophenoxyethyl acrylate,
nonylphenoxyethyl acrylate, 2-hydroxy-3-phenoxypropyl acrylate,
phenylcarbitol acrylate, phenoxyethyl acrylate, etc. and oligomers
such as ethylene oxide-modified bisphenol-A diepo.xy. acrylate, etc.,
and at least one component selected from the group consisting of
monomers such as triethylene glycol diacrylate, polyethylene glycol
diacrylate, neopentyl .glycol diacrylate, 1,6-hexanediol diacrylate,
etc. and oligomers such as polyo! polyacrylate, modified polyol
polyacrylate, polybutadiene acrylate, polyether urethane acrylate,
etc.

The monomers or oligomers are not limited to ’the*above
exemplified compounds. Any other photopolymerizable monomers or
oligomers may be used as long as at least two monomers or oligo-
mers to be used in combination have refractive indexes which differ
each other by 0.01 or larger.

A ratio of the two photopoiymerizable monomers or oligo-

mers having different refractive indexes is in & range from 91 to 1:9
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in terms of a weight ratio of a higher refractive index compound to a
lower refractive index compound.
A composition comprising the photopolymerizable mono-

mers or oligomers according to the present invention preferably

.contains a conventional photopolymerization initiator to increase its

curing property. EXampIés of the photopolymerization initiator are
benzophenone, benzil, Michler's ketones, 2-chiorothioxanthone, 2,4-
dietylthioxanthone, benzoin ethyl ether, diethoxyacetophenone,
benzyldimetylketal, 2-hydroxy-2-methylpropiophenone, 1-hydroxy-
cyclohexyl phenyl ketone, and so on.

To the composition comprising the photopolymerizable
monomers or oligomers according to the presént invention, a filler
having an average particle size of 0.05 tom20 um may be added in an
amount of 0.01 to 5 parts by weight, or a UV light absorber may be
added.

As the filler, pofymethyl methacrylate, polyethylene, poly-
styrene and silica are exemplified: . g

in the present invention, the composition comprising the
photopolymerizable monomers or oligomers is formed in a fiim—form,
by, for example, coating the composition on a substrate or filling it
in a cell. Then, the UV light is irradiated on the film-form composi-
tion. to obtain the light diffusing piate.

As a light source to be used in the photopolymerization,
any light source may be used as long as it can emit light which contri-
butes té the photopolymerization. A lamp which emits a UV light
beam is one of preferred light sources. A shape of the light source is
selected according to a view angle characteristics of the

liquiderystal display device to which the filter comprising the light
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diffusing plate accordi'ng to the present invention is fitted, and a
purpose of the use of the filter.

When the view .angle characteristics of the liquid crystal
display device to which the filter is fitted are insufficient in upper
and lower directions and right and left directions of the face plane
and the an-glue of view "shiduld be improved in all directions, or when
the use of the filter is intended to decrease the shadows caused by
the opaque parts of the liquid crystal display device, preferably the
| light is diffused equally in all directions by the light diffusing plra;e.
In such case, as the UV light to be irradiated in the photopolymeri-
zation step, parallel light rays such as the sun light are most prefe-
rably used, while a spherical or box-shape light source or a rod-
shape light source having a ratio of a long axis to a short axis of 2:1
or less may have the same performances.

When the view angle characteristics of the liquid crystal
display device to which the filter is fitted are sufficient in the right
and left directions but insufficient in the upper and lower directions
of the face plane and the angle of view should be improved in the
upper and lower directions, the light is diffused preferably in the
upper and lower directions by the light diffusing plate, in view of the
effective utilization of the emitted light from the liéuid crystal
display device. In such case, when the UV light is irradiated from a.
linear or rod-shape light source to photopolymerize and cure the
film-form composition, a filter comprising a light diffusing plate
with directional properties of light diffusion can be obtained. The
angle of view can be widened by arranging the light diffusing direc-
tion of the filter in a direction in which the angle of view of the

liquid crystal display device is desired to be improved.
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A selective diffusing property of the light diffusing plate
in relation to the incident angle of light is defined by a haze of the
plate in relation' to the incident angle of light. Preferably, the light
diffusing plate used in the present invention has a property of chan-
ging the haze depending on the incident angle of light, and both a
light incident angle range with a light diffusing ability of a haze of
at least 30 % (a diffusing angle range) and other light incident angle
range without a light diffusing ability. When the maximum haze in
the diffusing angle range is less than 30 %, an effect of enlarging the
angle of view is insufficient. When this maximum haze exceeds 85
%, the image may blur. Then, the maximum haze of the light diffusing'
plate is preferably in the range between 30 % and 85 %.

A thickness of the filter comprising the light diffusing
plate of the present invention is not limited. To achieve the light
diffusing ability, the thickness of the filter is at least 10 um,
preferably from 50 to 300 um.

The filter.comprising the light diffusing plate of the
present invention is produced by utilizing a property of the composi-
tion comprising the specific photopolymerizable monomers or olige-
mers that they are photopolymerized and cured while causing a phass
separation by the irradiation of the UV light. This method can cro-
duce the filter comprising a refractive index modulating type smooth
light diffusing plate having a domain gap of 1 to 20 um, without the
use of a mask during the UV light irradiation. Since the separaied
phases have a continuous interface between them, no light is reflec-
ied at the interface when light passes through the obtained filtsr, sc
that the light transmission is not decreased. Since this filter coes

structure with regularity unifike the phase lattice, it Jces

1

not have
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not form any Moiré fringe. In addition, the production step uses no
mask but includes only the UV light irradiation on the film-form
composition, the production process is simple and suitable for mass
production. |

When the filter comprising the light diffusing plate of
the present . invention is fitted to the light emitting side of the liquid
crystal display device, it is preferably assembled in-a laminate by
inserting it between the outer surface of the device and a trans-
parent substraté. i N

As the transparent substrate to be used in the faminaie,
any transparent substrate can be used. Examples are polycczrbonate
resins, methacrylic resins, polyethylene terephthalate (PET) resins,
polystyrene resins, or transparent glass. An outer surface of the
transparent substrate may be treated by at least one treating method
selected from low reflecting treatment, glare proofing treatment
and hard coat treatment. A method for laminating the transparent
substrate and the light diffusing plate is not limited, and may be any
of conventional methods. N

When the fiiter comprising the light diffusing plate is
fitted to the light emitting side of the liquid crystal display device,
preferably it is contacted t_o the face plane as élosety as possible. In
this step, a polarizing plate which is used ouiside the liquid crystal
panel can be integrated with the light diffusing plate to adhere the
light diffusing plate directly to the liquid crystal display device.

As the liquid crystal used in the liquid crystal dispiay
device to which the filter comprising the light diffusing plate of the
preseni invention is preferably fitted, and an addressing system of

the device, any system such as a passive-mairix-addressed sysiem
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using TN and STN liquid crystals, and a TFT type active-matrix-
addressed system using a TN liquid crystal may be used.

As an example, Fig. 2 shows a structure of a TFT addres-
sed direct vision type liquid crystal display device. In the case of
the direct vision type liquid crystal display device, a light beam
emitted from a back lig‘r-—lt 1 passes through a polarizing plate 2, a
TFT substrate 3, a liquid crystal cell 4, a color filter- 5, a counter
substrate 6 and a polarizing pl_ate 7 and reaches eyes of. a viewer. In
the case of the TFT addressed liquid .crystal display device, a TN
mode is often used. In the TN mode, since a twisting angle of the
tiquid crystal is 90 degrees, an angle of view is only about 60
degrees.

Fig. 3 shows an example of a TFT substrate. On the TFT
substrate, TFT dévices 8, source bus electrode 9 which supply a
voltage to the TFT devices, and gate bus electrodes 10 are arranged.
In Fig. 3, 11 stands for a pixel electrode.

Fig. 4 shows an example of a color filter. On the color
filtér’, pixels 12 which develop a color on the liquid crystal display
device, and a shielding part 13 (black matrix) which prevenis light
leakage between the pixeis and suppresses reflection of external
light on the TFT devices and the bus ~»:—!ectrodes are patterned. Then,
the light beam emitted from the back light is intercepted by the
opaque parts such as the TFT devices 8, the bus electrodes 8, 10, the
shielding part 13, and the like, whereby the image is roughened.

Fig. 1 shows a structure of a direct vision type liquid
crystal display device, in which a filter 14 comprising the light
diffusing plate of the present invention is ﬁtt_e'd o a light emittin:t

side of the polarizing plate 7 present on the viewer side.
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In the case of a liquid crystal projector; a light source
lamp is used in place of the back light 1 of Fig. 1 and a projector
screen is placed at a position of the viewer.

| Examples

The present invention will be illustrated by the following
Examples, which do not limit the scope of the present invention in
any way.

The upper and lower direction angles used in the Exam-
ples are intended ;to mean upper and lower direéﬁon angles, respec-
tively from a normal line to a face plane of a liquid crystal televi-
sion set used in the Examples.

In the Examples, “parts” are by weight.

Example 1

To a polyether urethane acrylate having an average mole-
cular weight of about 6000 (a refractive index of 1.460) (40 parts)
which was obtained by the reaction of polypropylene glycol, hexa-
methylene diisocyanate and 2-hydroxyethyl acrylate, 2,4,6-tribromo-
phenyi acrylate (a refractive index of 1.578) (30 paris), 2-hydroxy-
3-phenoxypropyl acrylate (a refractive index of 1.528) (30 parts),
and Z-hydroxy—Z-methyipropiopheqone (1.5 paris) as a
photopolymerization initiator were added and mixed to prepare a
photopolymerizable composition.

The composition was coated on a glass plate to a thick-
ness of about 130 um to form a film-form photopolymerizable
composition. This fiim and the glass plate were passed through a
conveyor type UV light irradiating apparatus having a lamp aperiure
of 5 cm x 5 ¢cm, a lamp power of 120 Wi’&:m, and a conveyor speed of

0.4 m/min. to photopolymerize the composition. Thereby, a filter
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comprising a light diffusing plate for a liquid crystal display device
was produced. .

_ An angular distribution of light intensity diffused by the
tilter for the liquid crystal display device was measured with an
apparatus for measuring an angular distribution of diffused light
intensity (manufactured by Shimadzu Cdrporation)‘ Fig. 5 schema-
tically shows this apparatus. A light beam 20, which is irradiated on
the filter 14 for the liquid crystal display device at an incident angle
23 (8) from a normal line direction to the filter 14, is diffused by

the filter 14 and emitted at an angle 24 (¢). When the angular distri-

bution of the diffused light 21 is measured by a.light intensity
detector 19, the light diffusion characteristics of the filter for the
-liquid crystal display device is measured.

Fig. 8 shows the light diffusion characteristics when
light of 550 nm was irradiated on the filier for the Iiduid crystal
display device according to the present invention. The distribution

[

curves 15 to 18 are the intensity distributions of diffused ligh

3 oot
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incident angles of 0, 5, 10 and 15 degrees, respeciively.

The diffusion angle ¢ is O degree on a direction 22 of a
light beam which propagates siraight in relation to the incident
light, and regarded as a positive angle when the light beam is
emitted on & side inciuding the normal line.

The incident light in the normal line direction to the fil-
ter for the liquid crystal display device provides an angular distribu-
tion of the diffused light intensity which is- an Gaussian distribution
having a healf width of about 8 degrees, as shown by the distribution
curve 15. In contrast, the incident light irradiated from a direction

at an angle of 15 degree from the normai line provides the angular
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distribution of the diffused light intensity having the maximum
around 27 degrees of the diffusion angle. In other words, the inci-
dent light irradiated from a direction at an angle of 15 degree from
the normal line is diffused by about 27 degrees by the filter 14 for
the liquid crystal display device.

In Fig. 1 showing the structure of the direct vision type
liquid crystal display device to which the filtér 14 comprising the
light diffusing plate of the present invention is fitted, the light
beam which passes through the polarizing pléte 7 on the light emit-
ting side is bent on the wider angle side when it passes through the
fiter 14 for the liquid crystal display device. The light beam emit-
ted from the liquid crystal display device has a higher contrast as it
is closer to the normal line direction to the liquid crystal display
device. Then, as the emitted light near the normal line direction is
diffused on the wider angle side, the contrast on the wider angle side
is improved. When the emitted light is diffused, a light beam
reaches the shadow areas caused by the opaque parts of the liquid
crystal display device and makes the shadow imperceptible, whereb_y__
the image. quality is improved.

In the case of the liquid crystal projector, the light
source lamp unit is placed instead of the back light 1 in Fig. 1 and
the projection screen is placed at the position of the viewer,
whereby it is possible to decrease the shadow areas caused by the
opague parts. In this case, the light beam reaches the shadow areas
caused by the opaque parts of the device and illuminates those areas
by the light difftused by the filter for the liquid crystal display
device, whereby the image quality is improved, as in the case of the

direct vision liquid crystal display device.
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Comparative Example

As a liquid crystal display device, a liquid crystal color
TV set 4E-L1 manufactured by Sharp Corporation was used. Using a
digital pattern generator MTSG-1000 manufacture by Sony Corpo-
ration, a window pattern was imaged on the face plane, and a white
luminance in the white window and a black luminance in the black
window were measured from the upper direction angle of 50 degrees
to the lower direction angle of 60 degrees with a luminance meter
LS-100 manufactured by Minolta Co., Ltd. :

The maximum white luminance was 128.6 nt at the lower
direction angle of 15 degrees.” An angle of view in relation to the
luminance was defined as an angle -range in which the luminance was
at least one third (1/3) of the maximum white fuminance, that is, at
least 42.9 nt. An angle of view in relation to the contrast was
defined as an angle range in which a ratio of white luminance to
black luminance was at least 5:1. Then, an angle range in which both
the fuminance and the contrast were satisfied was defined as an
angle of view of the face plane of the liquid crystal TV set. The
result is shown in Table 1.

Example 2

As a resinous composition for the light difft}éing plate,
there was used a photopolymerizable composition (40 parts)
prepared by mixing a polyether urethane acrylate having an average
molecular weight of about 6000 which was obtained by the reaction
of polypropylene glycol, hexamethylene diisocyanate and 2-
hydroxyethyt acrylate, 2,4,6-tribromophenyl acrylate (30 parts), 2-
hydroxy-3-phenoxypropyl acrylate (30 paris), and 2-hydroxy-2-

methylpropiophenone (1.5 parts) as a photopolymerization initiator.
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Tﬁe resinous composition was coated on a PET film
having a thickness of 188 um and irradiated with a UV light at an
irradiation angle of 17 degrees using an apparatus shown in Figs. 7
and 8, to obtain a light diffusing plate having a thickness of 205 um.
In Figs. 7 and 8, 25 stands for a rod-shape high pressure mercury
lamp of 80 W/cm, 26 stands for a light shielding plate, 27 stands for
a conveyor, 28 stands for the PET film having the thickness of 188
pm on which the resinous composition was coated, and 29 stands for
the irradiation angle of the UV light used in this Example.

The maximum haze of the light diffusing plate and a
diffusion angle range which was defined by the haze of at least 30 %
are shown in Table 2. | | |

This light diffusing plate was fitted to the face plane of
the liquid crystal TV set as used in the Comparative Example with
arranging the light diffusion angle range in the lower direction angle
range, and the same measurement as in the Comparative Example was
carried out. The result are shown in Table 1.

Example 3

A light diffusing plate having a thickness of 205 um was
produced from the same resincus composition for the light diffusing
plate as used in Exampie’2 by irradiating the;composition at an
irradiation angle of 22 degrees with the apparatus shown in Figs. 7
and 8.

The maximum haze of the fight diffusing plate and a
diffusion angle range which was defined by the haze of at least 30 %
are shown in Table 2.

This light diffusing plate was fitted to the face plane of

the liquid crystal TV set-as used in the Comparative Example with



- 16 -

arranging the light diffusion angle range in the lowér direction angle
range, and the same _measuremént as in the Comparative Example was
carried out. The result are shown in Table 1.

' Example 4

A light diffusing plate having a thickness of 205 pum was
produced from the same resinous composition for the light diffusing
plate as used in Example 2 by irradiating the composition at an irra-
diation angle of 27 degrees with the apparatus shown in Figs. 7 and
8.

The maximum haze of the light diffusing plate and a diffu-
sion angle range which was defined by the haze of at least 30 % are
-shown in Table 2.

This light diffusing plate was fitted to the face plane of
the liquid crystal TV set as used in the Comparative Example with
arranging the light diffusion angle range in the lower direction angle
range, and the same measurement as in the Comparative Example was
carried out. The result are shown in Table 1.

Example 5

- A light diffusing plate haviﬁg a thickness of 205 um was
produced from the same resinous composition for the light diffusing
plate as used in Example 2 by irradiating the composition at an irra-
diation angle of 31 degrees with the apparatus shown in Figs. 7 and
8.

The maximum haze of the light diffusing plate and a diffu-
sion angle range which was defined by the haze of at le;st 30 % are
shown in Table 2. |

This light diffusing plate was fitted to the face plane of

the liquid crystal TV set as used in the Comparative Example with
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arranging the light diffusion angle range in the lower direction angle
range, and the same measurement as in the Comparative Example was

carried out. The result are shown in Table 1.

Example 6
The light diffusing plate which was produced in Example

2 was fitted to the face plane of the liquid crystal TV set as used in .

the Comparative Example with arranging the light diffusion angle
range in the upper direction angle range, and the same measurement
as in the Comparative Example was carried out. The result are shown
in Table 1.

Examgle 7

The light diffusing ptate which was produced in Example
3 was fitted to the face plane of the liquid crystal TV set as used in
the Comparative Example with arranging the light diffusion angle
range in the upper direction angle range, and the same measurement
as in the Comparative Example was carried out. The result are shown
in Table 1.

Example 8 _

- The light diffus-ing plate which was produced in Example

4 was fitted to the face plane of the liquid crystal TV set as used in
the Comparative Example with arranging the light diffusion angle
range in the upper direction angle range, and the same measurement
as in the Comparative Example was carried out. The result are shown
in Table 1.

Examole 9

The light diffusing plate which was produced in Example
5 was fitted to the face plane of the liquid crystal TV set as used in

the Comparative Example with arranging the light diffusion angie
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range in the lower direction angle rangﬂe, further the light diffusing
plate which was produced in Example 4 was fitted over the above
light diffusing plate with arranging the light diffusion angle range in
the upper direction angle range, and the same measurement as in the
Comparative Example was carried out. The result are shown in Table
1.

Table 1

Angle of view

Upper direc Lower direc Range of
tion angle |tion angle |angle of view

Comp. Ex. {32 degrees |33 degrees |65 degrees
Example 2 | 31 degrees |41 degrees |72 degrees
Example 3 | 32 degrees |43 degrees |75 degrees
Example 4 | 32 degrees |52 degrees |84 degrees
Example 32 degrees- 55 degrees |87 degrees
Example 34 degrees |34 degrees |68 degrees

5
6
Example 7 | 37 degrees |34 degrees |71 degrees
8
9

Example 40 degrees |33 degrees |73 degrees
Example 40 degrees |55 degrees |95 degrees
Table 2

Maximum Diffusion

haze angle range
Example 75 % 6 to 40 degrees

75 % 15 to 49 degrees

2
Example 3| 74 % 10 to 44 degrees -
Example 4

S

Example 75 % 20 to 54 degrees
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EFFECTS OF THE INVENTION
When the filter comprising the light diffusing plate of

the present invention is used, the angle of view of the liquid crystal
display face plane is widened, the shadows due to the opaque parts
are reduced, and the Moiré fringe is hardly formed. The light

diffusing plate of the present invention is easily produced.
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What is claimed is:

1. A fflter.for a liquid crystal display device, comprising
a light diffusing plate which is obtained by forming & composition
which comprises at least two photopolymerizable oligomers or mono-
mers having refractive indexes which differ each other by at least
0.01 in a film-form and irradiating a UV light on said film-form
composition.

2. The filter for a liduid Cry}stai displéy device according
to claim 1, wherein said light diffusing plate is a refractive index
modulation type one having a domain gap of 1 to 20 um.

3. The filter for a liquid crystal display device according
to claim 1, wherein said UV light. is irradiated from a Iigh.t""source
selected from the group consisting’of a spherical light source, a box-
shape light source and a ro_d-shape light source having a ratio of a
long axis to a short axis of 2:1 or less.

4. The filter for a liquid crystal display device according
to claim 1, wherein said light diffusing plate has a light diffusing
ability with a haze of at least 30 % in relation to a light beam
irradiated  at an incident angle in a specific range but has no light
diffusing ability to a light beam irradiated at an incident angle
outside said specific range.

5. The filter for a liquid crystal display device according
to claim 4, wherein said light diffusing plate is obtained by the irra-
diation of a UV light from a linear or rod-shape light source.

6. The filter for a liquid crystal display device according
to claim 4, wherein the maximum haze .in the incident angle range in
which the light diffusing plate has thehfight diffusing” ability is from

30 to 85 %.
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