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_ (57) ABSTRACT 

(73) Ass1gnee: SUMITOMO CHEMICAL 
COMPANY, LIMITED An anti-glare optical ?lm Which reduces in Whitening of a 

screen Without sacri?cing anti-glare property, and a process 
(21) Appl. NO.I 12/007,104 for preparing the same. There is provided an anti-glare optical 

_ ?lm has an irregular surface, Wherein a ratio of areas of the 
(22) Flled: Jan‘ 7’ 2008 surface having an inclination angle of 1 ° or less is 20% or less, 

. . a ratio of areas of the surface havin an inclination an 1e of 5° 
Related U's' Apphcatlon Data or more is 20% or less, and a standagrd deviation of a ligeight of 

(62) Division of application No, 10/909,839, ?led on Aug, the surface is 0.2 pm or less. There is also provided a process 
3, 2004, noW Pat. No. 7,341,355. 

A 
for preparing an anti-glare optical ?lm. 
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(A) Blast treatment 
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(C) Transfer to ?lm 

(D) Peeling from template 
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ANTI-GLARE OPTICAL FILM AND PROCESS 
FOR PREPARING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention relates to an optical ?lm 
imparted property of preventing glare, Which is used in a 
polarizing ?lm of an image displaying device, and a process 
for preparing the same. 
[0003] 2. Description of the Related Art 
[0004] Visibility of an image displaying device including a 
liquid crystal displaying device is remarkably deteriorated 
When the outdoor daylight is re?ected on its image displaying 
surface. In utilities requiring high quality of image such as a 
television and a personal computer, utilities used in outdoor 
Where the outdoor light is intense such as a video camera and 
a digital camera, and utilities Which perform display utiliZing 
the re?ected light such as a re?ecting-type liquid crystal 
displaying device such as a portable phone, the surface of a 
displaying device is generally treated for preventing the 
re?ecting thereon. Re?ecting on preventing treatment is 
roughly classi?ed into non-re?ecting treatment by interfer 
ence betWeen layers of an optical multilayered ?lm, and 
so-called glare preventing treatment by forming ?ne irregu 
larities on the surface to scatter the incident light, and gradat 
ing a re?ected on image. The cost of former non-re?ecting 
treatment is high due to necessity of formation of a multilay 
ered ?lm having a uniform optical ?lm thickness. To the 
contrary, since the latter glare preventing treatment can be 
realiZed at a relatively loW cost, the treatment is used for, for 
example, a large scale personal computer and a large scale 
monitor. Glare preventing treatment is also called non-glare 
treatment or anti-glare treatment, and has previously been 
performed, for example, by a method of coating, on a trans 
parent substrate, a ultraviolet curable resin With a ?ller dis 
persed therein, drying this, irradiating With ultraviolet-ray to 
cure the resin, Whereby, the ?ller shape is transferred to the 
surface of the ?lm to form random irregularities. Thus 
obtained layer provided With property of preventing glare 
(anti-glare property) is also called non-glare layer or anti 
glare layer. 
[0005] Previously, there have been many proposals for 
forming ?ne irregularities on the surface of the ?lm used in an 
image displaying device to impart property of preventing 
glare. For example, JP-A No. 7-181306 and JP-A No. 
5-341123 describe a non-glare layer composed of a cured ?lm 
of a ultraviolet curable resin containing a ?ne particle as a 
?ller. 
[0006] In addition, JP-A No. 6-16851 describes a method 
of obtaining a scratch-resistance anti-glare ?lm With an anti 
glare layer formed thereon, by using a mat-like shaping ?lm 
having ?ne irregularities on the surface, coating an ioniZing 
radiation curable resin composition or a thermosetting resin 
composition on a transparent substrate, laminating the afore 
mentioned shaped ?lm on this coating ?lm in the uncured 
state, irradiating With ioniZing radiation or heating to cure a 
coating ?lm, and peeling the shaping ?lm. 
[0007] JP-A No. 2003-4903 discloses a glare preventing 
?lm having an anti-glare layer on a transparent support and 
having a concave part and a convex part on the surface, 
Wherein an area of a cross-sectional side of each concave part 
is 1,000 m2 or less. Herein, a ultraviolet curable resin in 
Which a particle having an average particle diameter of 0.2 to 
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10 pm is dispersed is coated on a transparent support, and this 
is cured With ultraviolet ray to prepare an anti-glare ?lm 
having irregularities. 
[0008] HoWever, When an anti-glare layer is constructed of 
a cured ultraviolet curable resin containing a ?ller, to manifest 
suf?cient anti-glare property, since back scattering of the 
outdoor daylight due to a ?ller occurs, and the re?ected light 
is distributed in a Wide range, a Wide range of a scattered 
component of the outdoor daylight is observed in a direction 
of an observer, and so-called Whitening is observed in Which 
a Whole of a screen becomes White. 

[0009] In addition, in an even a method of obtaining anti 
glare surface having no ?ller by a method of transferring a 
shape using a mat-like shaping ?lm, since a re?ected light 
distribution depends on a shape of a shaping ?lm as a tem 
plate, it can not be said that this method is not necessarily 
suf?cient to prevent Whitening. JP-A No. 6-16851 describes 
that a matting agent such as a ?ller is not used in an anti-glare 
layer. HoWever, as a method of forming irregularities on a 
shaping ?lm, only a method of coating a composition com 
posed of a ?ller and a binder resin on a substrate ?lm to 
transfer the shape of the ?ller is disclosed and, since distri 
bution of a ?ller and, consequently, arrangement of irregu 
larities becomes random, it is thought that su?icient preven 
tion of Whitening can not be performed. 
[0010] Generally, as a method of reducing Whitening, for 
mulation of reducing an amount of a ?ller to be added in order 
to reduce a diffused component of the re?ected light, and 
formulation of doWnsiZing an average particle diameter of a 
?ller are contemplated. HoWever, according to these formu 
lations, a proportion of a ?at surface of an anti-glare surface is 
increased at the same time, causing clarity of an image of the 
re?ected on outdoor daylight, and anti-glare property is dete 
riorated. 
[0011] On the other hand, JP-A No. 2002-365410 discloses 
an optical ?lm having the surface on Which ?ne irregularities 
are formed, Wherein When the light is introduced on the 
surface of the ?lm from a direction at —l0o relative to a 
normal, and only the light re?ected from the surface is 
observed, a pro?le of the re?ected light satis?es a speci?ed 
relationship. And, it is described that, in order to give such the 
re?ection pro?le, it is preferable that the surface is of a mul 
tiple spherical shape having substantially no ?at part. 
[0012] In addition, although not directly related to an anti 
glare optical ?lm, the technique of etching the surface of a 
glass With hydro?uoric acid is knoWn. For example, JP-A No. 
2002-90732 describes that a concave part having an average 
diameter of around 6 pm is formed on the surface of a glass by 
tWo-stage etching using hydro?uoric acid, and a glass on 
Which irregularities are formed like this is used as a re?ection 
plate for a liquid crystal display panel. A most general glass is 
a soda-lime glass. HoWever, the previously knoWn glare pre 
venting-treated ?lm has not necessarily su?icient effect of 
preventing the aforementioned Whitening, and it can not be 
said that suf?cient visibility is obtained. 

SUMMARY OF THE INVENTION 

[0013] The present invention is made in vieW of the above 
circumstances, and an object thereof is to provide an anti 
glare optical ?lm Which reduces Whitening of a screen With 
out deteriorating anti-glare property, and a process for pre 
paring the same. Another object of the present invention is to 
provide an anti-glare optical ?lm Which is suitably used on the 
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surface of various displays including a liquid crystal display 
ing device, is small in Whitening of a screen, and exhibits high 
effect of preventing glare. 
[0014] That is, according to the present invention, there is 
provided an anti-glare optical ?lm having irregularities on the 
surface, Wherein a ratio of areas of the surface having an 
inclination angle of 1° or less is 20% or less, a ratio of areas of 
the surface having an inclination angle of 5° or more is 20% 
or less, and a standard deviation of a height of the surface is 
0.2 pm or less. 

[0015] In this anti-glare optical ?lm, it is advantageous that 
a re?ectivity toWards a direction shifted from a specular 
re?ection angle by 20° is 0.001% or less. In addition, it is 
advantageous that a 45° re?ection clarity measured using an 
optical comb having a Width betWeen a dark part and light part 
of 1.0 mm is 50% or less. Further, it is advantageous that a 
total value of transmittance clarity measured using four kind 
of optical combs having a Width betWeen a dark part and a 
light part of0.125 mm, 0.5 mm, 1.5 mm and 2.0 mm is 200% 
or more. Further, it is advantageous that this glare preventing 
optical ?lm has a haZe of 10% or less. 

[0016] Also, according to the present invention, there is 
provided a process for preparing an anti-glare optical ?lm, 
comprising the steps of: 
[0017] contacting a glass With an aqueous solution contain 
ing hydrogen ?uoride to obtain a template Which comprises 
the glass having the surface on Which a ?ne irregular shape is 
formed so that approximately spherical concave shapes are 
arranged to be substantially compact; and 
[0018] transferring the irregular shape of the surface of the 
template onto the surface of a resin ?lm. 

Herein, it is advantage that the glass is a quartz glass or a 
borosilicate glass. 

[0019] It is advantageous that a ?ne ?aW is formed on the 
surface of a glass before contact With an aqueous solution 
containing hydro?uoric acid. Then, according to the present 
invention, there is also provided a process for preparing an 
anti-glare optical ?lm, comprising the steps of: 
[0020] 
[0021] contacting the glass With an aqueous solution con 
taining hydrogen ?uoride to obtain a template Which com 
prises the glass having the surface on Which a ?ne irregular 
shape is formed; and 
[0022] transferring the irregular shape of the surface of the 
template onto the surface of a resin ?lm. Also in this case, it is 
advantageous that a glass is a quartZ glass or a borosilicate 
glass. 
[0023] A ?ne ?aW on the glass surface can be formed, for 
example, by blast treatment onto the glass surface, and it is 
preferable that a depth of treatment is 10 pm or less. It is 
advantageous that this blast treatment is performed by using 
beads having substantially monodisperse particle diameter 
distribution. It is preferable that the beads have an average 
particle diameter of 180 pm or less. And, it is preferable that 
blast treatment is performed at a blast pressure of 0.01 to 0.05 
MpA, and at condition under Which a ?aW is formed so that 
almost spherical concave shapes are formed substantially 
compactly on the glass surface by contact With an aqueous 
solution containing hydrogen ?uoride thereafter. In addition, 
in a step of contacting a glass With a ?ne ?aW formed thereon 
With a hydrogen ?uoride-containing aqueous solution, it is 

forming ?ne ?aW on a surface of a glass, 
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advantageous that etching is performed until an etching depth 
becomes 10-fold or more of an average depth of a pre-formed 
?ne ?aW. 
[0024] In each of the above methods, When a tubular glass 
is used, the aforementioned ?ne irregular shape is formed on 
its outer surface, and this is used as a template, transfer of the 
irregularity onto a resin ?lm can be continuously performed. 
[0025] In addition, in the aforementioned each method, a 
resin ?lm can be constructed of, for example, a thermoplastic 
transparent resin and, in this case, an irregular shape of a 
template is transferred onto the surface by thermal press. On 
the other hand, a resin ?lm may be such that an ioniZing 
radiation curable resin layer is formed on the surface of a 
transparent substrate ?lm and, in this case, an irregular shape 
of a template is transferred onto a resin layer after curing by 
contacting the ioniZing radiation curable resin layer With a 
template, and irradiating With ioniZing radiation to cure the 
resin layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 shoWs outline of the surface of an anti-glare 
optical ?lm, and is a perspective vieW for explaining an incli 
nation angle of the surface; 
[0027] FIG. 2 is a perspective vieW for explaining a method 
of measuring an inclination angle of the surface; 
[0028] FIG. 3 is a perspective vieW for explaining re?ec 
tivity in a direction shifted from a specular re?ection angle by 
20°; 
[0029] FIGS. 4A to 4D shoW one preferable aspect of the 
present method by a schematic cross-sectional vieW every 
step; 
[0030] FIG. 5 is a cross-sectional vieW schematically shoW 
ing circumstance of etching progression; 
[0031] FIG. 6 is an example of Voronoi vieW for explaining 
Voronoi division; and 
[0032] FIG. 7 is a vieW schematically shoWing a process for 
continuously preparing an anti-glare ?lm using a roll-like 
glass template. 

DETAILED DESCRIPTION OF THE INVENTION 

[0033] The present invention Will be explained in more 
detail referring to the attached draWings. In the draWings, 
FIG. 1 indicates outline of the surface of an anti-glare optical 
?lm, and is a perspective vieW for explaining an inclination 
angle of the surface. FIG. 2 is a perspective vieW for explain 
ing a method of measuring an inclination angle of the surface. 
FIG. 3 is a perspective vieW for explaining a re?ectivity 
toWards a direction shifted from a specular re?ection angle by 
20°. 
[0034] Referring to FIG. 1, the anti-glare optical ?lm 1 of 
the present invention has the surface on Which ?ne irregulari 
ties 2 are formed, and this matter itself is not different from 
the previously knoWn glare preventing ?lm at all. In the 
present invention, a ratio of planes of an inclination angle of 
the surface of1° or less is 20% or less, a ratio ofplanes ofan 
inclination angle of 5° or more is 20% or less, and a standard 
deviation of a height is 0.2 pm or less. 

[0035] Herein, an inclination angle of an anti-glare ?lm 
having the surface on Which irregularities are formed means 
an angle 0 formed by a local normal 6 in vieW of irregularity 
there relative to a main normal 5 of a ?lm, that is, a normal at 
an average plane of a ?lm, at an arbitrary point P on the 
surface of the ?lm 1. In FIG. 1, an orthogonal coordinate in a 
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?lm plane is expressed by (x,y), and a plane of a Whole ?lm is 
expressed by a projected plane 3. 
[0036] An inclination angle of the ?lm surface can be 
obtained from a three-dimensional shape of surface rough 
ness measured using a non-contact three-dimensional surface 
shape/roughness measuring device. A horizontal resolution 
required for a measuring device is at least 5 um or less, 
preferably 2 pm or less, and a vertical resolution is at least 0.1 
pm or less, preferably 0.01 pm or less. A non-contact three 
dimensional surface shape/roughness measuring device suit 
able for this measurement is a product of USA Zygo Corpo 
ration, and “New View 5000” series available from Zygo Co., 
Ltd. in Japan. A Wider measuring area is preferable, at least 
100 um><100 um or more, preferably 500 um><500 pm or 
more. 

[0037] Speci?cally, as shoWn in FIG. 2, an attentionpointA 
on a ?lm average plane FGHI shoWn by a dotted line is 
determined; a point B and a point D are taken at approxi 
mately symmetry relative to an attention point A, in a vicinity 
of the point A on a x-axis through the point A; a point C and 
a point E are taken at approximately symmetry relative to an 
attention point A, in a vicinity of the point A on a y-axis 
through the point A; and points Q, R, S and T on a ?lm plane 
corresponding to these points B, C, D and E are determined. 
In FIG. 2, an orthogonal coordinate on a ?lm plane is 
expressed by (x,y), and an coordinate in a direction of a ?lm 
thickness is expressed by Z. A ?lm average plane FGHI is a 
plane formed by intersecting points F, G, H and I With a 
straight line parallel With a x-axis thorough a point C on a 
y-axis, a straight line parallel With a x-axis through a point E 
on a y-axis, a straight line parallel With a y-axis through a 
point B on a x-axis, and a straight line parallel With a point D 
on a x-axis, and necessarily constructs a ?lm average plane. In 
FIG. 2, an actual position of a ?lm plane is draWn above a ?lm 
average plane FGHI, but an actual position of a ?lm plane is 
naturally above a ?lm average plane depending on a position 
taken by an attention pointA in some case, or beloW the plane 
in some cases. 

[0038] And, an inclination angle of the resulting surface 
shape data can be obtained by obtaining a polar angle of an 
average normal vector 6 obtained by averaging respective 
normal vectors 6a, 6b, 6c and 6d of polygon four planes, that 
is, four triangles PQR, PRS, PST and PTQ formed by a total 
?ve points of a point P on an actual ?lm plane corresponding 
to an attention point A, and points Q, R, S and T on an actual 
?lm plane corresponding to four points B, C, D and E taken in 
a vicinity thereof. An inclination angle is obtained for respec 
tive measurement points, a histogram is calculated. A stan 
dard deviation of concave and convex heights is directly 
calculated from the resulting surface shape data. 
[0039] In the present invention, it is controlled so that a 
ratio of planes having the thus calculated inclination angle of 
the surface of 5° or more is 20% or less. When this ratio 
exceeds 20%, a screen becomes Whitely due to scattering, 
causing so-called Whitening, control on screen information is 
reduced, and visibility is remarkably reduced, being not pref 
erable. 

[0040] In addition, a ratio of planes having an inclination 
angle of the surface of 10 or less is controlled to be 20% or 
less. When this ratio exceeds 20%, clarity of the re?ected on 
outdoor daylight is increased, and this inhibits visibility, 
being not preferable. Therefore, in the anti-glare optical ?lm 
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of the present invention, 60% or more of total irregular sur 
face has an inclination angle in a range of 1 ° or more to 50 or 

less. 

[0041] In this anti-glare optical ?lm, a standard deviation of 
concave and convex heights on the surface is controlled to be 
0.2 pm or less. When this standard deviation exceeds 0.2 pm, 
deterioration of screen information becomes remarkable, and 
visibility is inhibited, being not preferable. 
[0042] The anti-glare optical ?lm of the present invention is 
preferably such that a re?ectivity toWards a direction shifted 
from a specular re?ection angle by 200 is 0.001% or less. 
Herein, a specular re?ection angle refers to as folloWs. As 
shoWn in FIG. 3, When the light 8 is introduced at an angle 11) 
relative to a main normal 5 of a ?lm 1, an angle betWeen a 
direction of the light R(0) Which re?ects at an angle 11) in a 
direction opposite to an incident light direction 8 in a plane 9 
including the normal 5 and an incident light direction 8, and 
a main normal 5 is a specular re?ection angle. 11) is an incident 
angle, and may be also a re?ection angle and, strictly, the sign 
is reverse of positive and negative. And, a direction shifted 
from a specular re?ection angle by 200 is a direction R(20) 
shifted from a direction of R(0) by 20°, as shoWn in FIG. 3 In 
addition, this anti-glare optical ?lm is preferably such that a 
45° re?ection clarity measured using an optical comb having 
a Width betWeen a dark part and a light part of 1 .0 mm is 50% 
or less. A 450 re?ection clarity can be obtained according to 
the method of measuring image clarity by a re?ection method 
prescribed in I IS K 7105. An incident direction and a re?ec 
tion direction of the light to a test sample at measuring are 
made to be 450 according to the provision of this JIS. This I IS 
prescribes four kinds of optical combs having a ratio of a 
Width betWeen a dark part and a light part of 1 :1, Wherein the 
Width is 0.125 mm, 0.5 mm, 1.0 mm and 2.0 mm. A 450 
re?ection clarity prescribed herein is a value When an optical 
comb having a Width betWeen a dark park and a light part of 
1.0 mm is used. 

[0043] Further, this anti-glare optical ?lm is preferably 
such that a total value of transmittance clarities measured 
using four kinds of optical combs having a Width betWeen a 
dark part and a light part of 0.125 mm, 0.5 mm, 1.0 mm and 
2.0 mm is 200% or more. Transmittance clarity is similarly 
obtained according to the method of measuring image clarity 
by a transmittance method prescribed in JIS K 7105. An 
incident direction of the light to a sample piece is a vertical 
direction according to the provision of I IS. And, in this case, 
image clarity by a transmittance method is measured using 
the aforementioned four kinds of optical combs, and a total 
value of them is a total value of the aforementioned transmit 
tance clarity. 
[0044] Further, the anti-glare optical ?lm of the present 
invention has preferably a haZe of 10% or less. A haZe value 
can be measured by a single beam method prescribed in JIS K 
7361-1 .A haZe value is a value expressed by (diffusion trans 
mittance/total light transmittance)><100(%). In the anti-glare 
optical ?lm of the present invention, a haZe value measured by 
this method is generally 20% or less, a haZe value of 10% or 
less is preferable, and a haZe value of 5% or less is further 
preferable. If a haZe value is too high, When this glare pre 
venting optical ?lm is applied to a display device, in particu 
lar, a liquid crystal display device, since the loW contrast light 
emitted at a direction inclined from the normal, in particular, 
a direction inclined at 600 or more is scattered in a front 
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direction, and this is observed, due to ?eld angle property of 
a liquid crystal display device, contrast When observed from 
a front is reduced. 
[0045] The anti-glare optical ?lm of the present invention 
can be made such that, When a White/black pattern arranged 
parallel doWnWard by 10 mm is observed through the anti 
glare ?lm, an obscure value of a transmitted image is 5 um or 
less. 
[0046] A ?lm having the aforementioned surface shape can 
be prepared, for example, by a method of ultraviolet-curable 
a ultraviolet-curable resin in the state Where a transparent 
substrate coated With a ultraviolet-curable resin is adhered to 
an emboss template having an appropriate surface shape. 
[0047] A process for preparing a ?lm having a speci?ed 
surface shape Which is another present invention Will be 
explained beloW. 
[0048] In the present invention, a glass having the surface 
on Which ?ne irregularities are formed by a prescribed 
method is used as an emboss template. As an original sheet of 
this emboss template, a general glass containing SiO2 as a 
main component can be used. A glass may be a soda-lime 
glass called blue glass, a borosilicate glass called White glass, 
or a quartz glass. A glass can be used Without limitation as far 
as it is a glass Which can be etched With an aqueous solution 
containing hydrogen ?uoride, and is isotropically dissolved 
With this aqueous solution. HoWever, since a glass is exposed 
to a step of thermal press, or irradiation With ioniZing radia 
tion in the state Where a transparent substrate coated With an 
ioniZing radiation curable resin is adhered to the irregular 
surface, at a step of transferring a ?ne irregular shape pro 
duced on the surface With etching, onto a transparent resin 
?lm, a glass is desirably a material Which stands these treat 
ments. Therefore, it is desired that a material of a glass has 
high resistance to heat or ioniZing radiation, and has a high 
mechanical strength. For this reason, a borosilicate glass or a 
quartZ is preferably used. 
[0049] In addition, When an emboss template is cylindrical, 
since a continuous ?lm can be continuously subjected to 
emboss processing, it is preferable that a glass has a cylindri 
cal shape. From a vieWpoint that a cylindrical or tubular glass 
is comparatively easily available, it is preferable that a mate 
rial of a glass is a borosilicate glass or a quartz glass. 
[0050] A borosilicate glass is sold by Corning Corporation 
(Asahi Techno Glass Co., Ltd. in Japan) or Schott Corpora 
tion under a trade name of Pyrex or Tempax, and these may be 
used. 
[0051] A glass is etched by contacting With an aqueous 
solution containing hydrogen ?uoride. By this etching, a ?ne 
irregular shape is formed on the surface such that concave 
shapes composed of approximately spherical surfaces are 
disposed substantially compactly. For doing so, it is prefer 
able that a ?ne ?aW is produced on the surface of a glass in 
advance. 
[0052] JP-A No. 2002-90732 describes that a glass on 
Which irregularities are formed by such the method is used as 
a re?ection plate for a liquid crystal display panel. Speci? 
cally, it is described that primary etching is performed With an 
etching solution containing hydrogen ?uoride and an ammo 
nium ?uoride, to form an ununiform protecting membrane on 
the surface of a glass, With an insoluble salt produced by a 
reaction With SiO2 Which is a main component of a glass, 
Whereby etching With hydro?uoric acid proceeds ununi 
formly, to form a ?ne concave part on the surface and, there 
after, secondary etching is performed With a secondary etch 
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ing solution not containing an ammonium compound and 
substantially containing only hydro?uoric acid, and a semi 
spherical concave curved surface is formed starting at the 
concave part as an etching origin. lrregularities are formed on 
the glass surface by such the tWo-stage etching, and this can 
be used as a template in the present invention. 

[0053] HoWever, in a borosilicate glass and a quartZ glass 
for Which a roll shape is easily realiZed, since an etching rate 
of a glass itself is sloW, there is no balance betWeen condition 
of precipitation of an insoluble salt and condition of forma 
tion of surface irregularities therefrom, and it can not be said 
that stability of irregularity formation using ammonium ?uo 
ride is high. In order to avoid such a disadvantage, the present 
inventors found that it is effective that a ?ne ?aW (crack) is 
produced on the glass surface before etching, and etching is 
performed With an aqueous solution containing hydrogen 
?uoride in this state. Examples of a method of producing a 
?ne ?aW on the glass surface include blast treatment. 

[0054] Then, a method using, as a template, a glass having 
the surface on Which a ?ne irregular shape is formed by 
forming a ?ne ?aW on the surface, and contacting this With an 
aqueous solution containing hydrogen ?uoride, and transfer 
ring the irregular shape on the regular shape on the surface 
onto the surface of a resin ?lm Will be explained based on 
FIGS. 4A to 4D shoWing each step by a schematic cross 
sectional vieW. 

[0055] FIG. 4A shoWs an example Where blast treatment is 
adopted by means for producing a ?aW (crack) 11 on the 
surface of a glass 10. When a blast agent 20 is collided against 
the surface of a glass 10 at an appropriate pressure, ?ne ?aWs 
11, 11 are formed. 

[0056] Then, in an etching step shoWn in FIG. 4B, this glass 
10 is contacted With an aqueous solution containing hydrogen 
?uoride (etching solution) to perform etching. Thereupon, the 
etching solution is contacted With the surface of a glass 10 
and, at the same time, is permeated into the interior of ?aWs 
11, 11, reaches their tips, and dissolves contacting surfaces 
successively. Then, a concave part is successively expanded 
concentrically at a center of tips of ?aWs 11, 11. FIG. 4B 
shoWs, With a broken line, circumstances Where starting With 
a glass plane 13, a glass is successively dissolved to glass 
planes 14, 15 during etching. At completion of etching, a ?ne 
irregular shape is formed so that many concave shapes 16 of 
approximately spherical surface are disposed substantially 
compactly, and a glass template 18 is obtained. 
[0057] Using the thus obtained glass template 18, as shoWn 
in FIG. 4C, the irregular plane 16 is transferred onto a ?lm 30. 
The ?lm 30 may be constructed of one thermoplastic trans 
parent resin and, in this case, a thermoplastic resin ?lm 30 is 
pushed against an irregular plane 16 of a template 18 in the 
heated state, and may be shaped by thermal press. Altema 
tively, the ?lm 30 may be constructed such that an ioniZing 
radiation curable resin layer 32 is formed on the surface of a 
transparent substrate ?lm 31, as exempli?ed in FIG. 4C and, 
in this case, the ioniZing radiation curable resin layer 32 is 
contacted With an irregular plane 16 of a template 18, and 
ioniZing radiation is irradiated to cure the resin layer 32, 
Whereby, an irregular shape of a template 18 is transferred 
onto an ioniZing radiation curable resin layer 32. These ?lms 
Will be explained in detail beloW. 
[0058] After transference of an irregular shape of a tem 
plate 18, as shoWn in FIG. 4D, the ?lm 30 is peeled from the 
template 18 to obtain an anti-glare optical ?lm is obtained. 
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[0059] Circumstance of progression of etching shown in 
FIG. 4B Will be explained in more detail by paying an atten 
tion to only one ?aW 11 and referring to FIG. 5 shoWing by 
further enlarging the part. Also in this ?gure, an initial glass 
plane is expressed by a symbol 13, it is displayed that as 
etching progresses, a glass is dissolved successively to glass 
planes 14, 15 and, at completion of etching, an irregular plane 
16 is formed. 

[0060] It is supposed that a ?aW 11 is formed as in FIG. 5. 
When a glass 18 is contacted With an etching solution in this 
state, an etching solution is contacted With the glass surface 
and, at the same time, and is permeated into the interior of a 
?aW 11, reaching its tip 11a. And, an etching solution dis 
solves a part of a contacting glass successively. That is, dis 
solution (etching) gradually progresses planarly from an ini 
tial glass plane 13 and, at the same time, a glass is dissolved 
from a ?aW 11 traversely, and a glass is dissolved from its tip 
11a in a semi-spherical manner. NoW, it is supposed that 
etching has progressed from an initial glass plane 13 to a 
depth hl (glass plane 14) approximately equal to a depth of a 
?aW 11, an etching plane beginning at a tip 11a of a ?aW 11 
has a radius of approximately hl, and becomes an approxi 
mately semi-spherical concave plane. 
[0061] When etching further progresses, this concave plane 
is expanded concentrically With the aforementioned semi 
sphere, and since a glass plane is cut from a position of a 
symbol 14 to a position of a symbol 15 at the same time, a 
partial spherical surface having a large curvature radius and 
having a small inclination relative to the glass surface 
remains. FIG. 5 shoWs, also With a broken line, the state Where 
etching has progressed to a depth h2 Which is about 2-fold a 
depth of a ?aW 11, as a glass surface 15. Finally, a concave 
plane 16 Which is a slight part of a spherical surface remains. 
A height h3 from an initial glass plane 13 to a glass plane 
remaining at completion of etching is regarded as etching 
depth. 
[0062] For convenience of ?gure production, FIG. 5 shoWs 
as if etching is completed at Which etching has progressed to 
a depth Which is about 3-fold a depth of ?aW 11. HoWever, 
actually, it is preferable that etching progresses to a further 
deep point. Conversely speaking, it is preferable that a depth 
of a ?aW 11 is much small as compared With an etching depth. 
In addition, it is shoWn as if a ?at part remains also at comple 
tion of etching. HoWever, this is because a ?gure Was draWn 
by paying an attention to only one ?aW 11. Actually, since 
another concave plane is expanded also from a ?aW at an 
adjacent position, a ?at part does not substantially remain at 
completion of etching. 
[0063] Like this, in the present invention, the surface of a 
glass is dissolved by etching to an extent and, in a preferable 
aspect, a ?ne ?aW is formed on the surface of a glass prior to 
etching. Therefore, it is necessary that a glass to be used has 
a thickness to an extent, and it is preferable that the thickness 
is 1 mm or more, particularly 2 mm or more. 

[0064] Returning to FIG. 4, by treating the surface of a glass 
10 on Which a ?ne ?aW 11 has been produced by blast treat 
ment, With an etching solution Which progresses a dissolution 
reaction isotropically, many concave surfaces 16 Which are 
substantially a spherical surface are produced on the surface 
of a glass 11. Since a siZe of a concave part produced by 
etching depends on a depth of a ?aW 11 produced by blast 
treatment and an etching depth, it is required that blast treat 
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ment is performed as uniformly as possible. A domain of a 
multiple spherical surface produced by etching is expressed 
by simple Voronoi division. 
[0065] Voronoi division Will be explained based on FIG. 6 
shoWing an example of a Voronoi vieW. As shoWn in this vieW, 
When some points (referred to mother point) are disposed on 
a plane, a vieW obtained by dividing the plane depending on 
to What a mother point an arbitrary point in the plane is 
nearest, is referred to as Voronoi vieW, and that division is 
referred to Voronoi division. An individual section containing 
one mother point obtained by division is referred to Voronoi 
region (or domain). In FIG. 6, an oblique line is given to only 
one Voronoi region. In an example shoWn by this ?gure, the 
number of mother points is 10, and a Voronoi region is divided 
into 10. In general, in a Voronoi vieW, the number of mother 
points is consistent With the number ofVoronoi regions. A line 
of a boundary of aVoronoi is called Voronoi boundary, and an 
intersection of a Voronoi boundary is called Voronoi point. 
[0066] In the present invention, as explained above, a con 
cave multiple spherical surface is obtained by etching of a 
glass, and the concave multiple spherical surface is like 
Voronoi division as mentioned above by observation With 
microscope. HoWever, Voronoi division is not performed by 
determining a mother point. While each domain construe 
spherical surface and a line in FIG. 3, Which is corresponding 
to Voronoi boundary, is observed as a straight line from the 
vieW of upper side, the line is concave line from the longitu 
dinal sectional vieW. An area of each domain of Voronoi 
division is preferably uniform. 
[0067] It is preferable that a blast agent 20 used in blast 
treatment is a bead having a particle diameter distribution 
near monodispersity as possible. When a blast agent has Wide 
particle diameter distribution, since distribution of a depth of 
a ?ne ?aW 11 is expanded, and distribution is generated in a 
Voronoi diameter of a spherical shape produced by etching, a 
possibility of occurrence of a larger sphere than a subpixel of 
a display device can not be neglected and, When disposed on 
a front of a display device, distribution of brightness of a pixel 
is produced, and so-called glittering is produced, being not 
preferable. Herein, particle diameter distribution “near 
monodispersity” or “substantially monodisperse” may be 
that a standard deviation is generally around Within 20% 
relative to a median (average value) of a particle diameter. A 
standard deviation of particle diameter distribution is prefer 
ably Within 15%, more preferably Within 10% relative to a 
median. 
[0068] In addition, it is preferable that a particle shape of a 
blast agent (bead) 20 is near a spherical shape. When a blast 
agent is a spherical, since an aspect of collision With a glass as 
blast treatment becomes single, this is effective for enhancing 
uniformity of a depth of a ?ne crack. 
[0069] As described above, it is necessary that a depth of a 
?ne ?aW 11 produced by blast treatment is not too large, and 
a depth is speci?cally preferably 10 um or less, particularly 
preferably 2 pm or less. When a depth of a ?aW 11 exceeds 10 
um, an etching depth as described later exceeds 200 um and, 
in this case, a siZe of a ?ne concave part 16 obtained as a result 
of etching becomes too large exceeding 100 um, and a pattern 
becomes extremely rough, being not preferable. 
[0070] An average particle diameter of a blast agent 20 can 
be appropriately selected depending on blast conditions, and 
is preferably 180 um or less, more preferably 100 um or less. 
When a particle diameter of a blast particle exceeds 180 pm, 
a blast pressure becomes extremely loW When one tries to 
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make a depth of a ?ne clack to be 2 pm or less, and blast 
operation itself becomes di?icult. Examples of a commer 
cially available blast agent Which can be used for this purpose 
include a Zirconia bead “TZ-B53” (average particle diameter: 
53 pm), the same (TZ-B90) (average diameter: 90 um) manu 
factured by Tosoh Co., Ltd., and MicroZirconbeads “MB-20” 
(average particle diameter: 20 um), and the same “MB-40” 
(average particle diameter: 34 um) sold by Material Science 
Co., Ltd. 
[0071] In order to make a depth of a ?ne crack 11 formed by 
blast treatment to be 2 um or less, it is preferable that a blast 
pressure is selected from a range of 0.01 to 0.05 MPa (gauge 
pressure, same hereinafter) in conformity With a particle 
diameter of a blast agent. That is, such the condition is 
selected that a ?aW is formed on the glass surface by later 
etching so as to form approximately spherical concave shapes 
substantially compactly. When a blast pressure groWs larger, 
a siZe of a ?ne concave part obtained as a result of etching 
becomes too large, and a pattern becomes rough. On the other 
hand, When a blast pressure becomes too small, a blast par 
ticle causes elastic collision on the glass surface, and a density 
of an effective ?ne crack is dramatically decreased. A ten 
dency that When a blast pressure is small, a density of an 
effective ?ne crack is decreased, is remarkably manifested 
When a blast particle is small as beloW 50 pm. In addition, 
When a blast pressure is beloW 0.01 MPa, stability of blast 
operation itself is decreased, being not preferable. Depending 
on a particle diameter of a blast agent, by appropriately com 
bining With a particle diameter of a blast agent in a range of a 
blast pressure of 0.01 to 0.05 MPa, a ?ne ?aW having a depth 
of 2 pm or less can be effectively produced on the glass 
surface at a high density. 
[0072] As an amount of a blast agent necessary for blast is 
10 g or more per 4 cm2 of a glass area. When the amount is 
beloW 10 g, since a density of an effective ?ne crack is 
de?cient, a concave part produced after etching becomes too 
sparse. For this reason, a ratio of a ?at part becomes large, the 
glare preventing performance of the anti-glare ?lm obtained 
as a result of transference of a shape is insu?icient, and an 
outline of an image re?ected on the surface of the anti-glare 
?lm can not be clearly con?rmed With naked eyes. In order to 
make suf?cient the glare preventing performance of the 
resulting glare preventing ?lm, a blast agent should be used at 
10 g or more, preferably 100 g or more per 4 cm2 of a glass 
area, Whereby the glare preventing performance can be as sur 
edly exerted. 
[0073] An etching depth is preferably 10-fold or more, 
further preferably 20-fold or more, particularly preferably 
50-fold or more an average depth of ?ne ?aWs produced by 
blast. When an etching depth is beloW 10-fold relative to an 
initial ?aW depth, a multiple spherical surface approaches a 
hemi-sphere and, as a result, Wide angle re?ection of the 
resulting glare preventing ?lm is increased and, as a result, an 
image becomes very Whitely. By making an etching depth to 
be 20-fold or more relative to an initial ?aW depth, a maxi 
mum inclination angle of a multiple spherical surface can be 
reduced loW and, as a result, random re?ection of the resulting 
glare preventing ?lm in a Wide angle direction can be sup 
pressed loW, therefore, an anti-glare surface not causing Whit 
ening can be obtained. An etching depth is preferably 300 pm 
or less and 100 pm or more, particularly preferably 100 to 200 
pm. 
[0074] AVoronoi diameter expressed by a root of an area of 
each domain of Voronoi division is an etching depth or less. 
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Empirically, When an etching depth exceeds 500 um, since a 
Voronoi diameter becomes 200 to 500 pm, a glare surface 
becomes rough, being not preferable. When this glare pre 
venting ?lm is applied to an image display device such as a 
liquid crystal display device, it is preferable that a Voronoi 
diameter is smaller than a pixel siZe. When an anti-glare ?lm 
having a siZe considerably exceeding this is disposed on a 
display device, a variation is generated in brightness of a 
pixel, and so-called glittering occurs, being not preferable. 
Since each of red, green and blue pixels of a liquid crystal 
display device is usually 250 pm or less, aVoronoi diameter is 
preferably 200 pm or less, further preferably 100 pm or less, 
particularly preferably 50 pm or less. For this reason, an 
etching depth is preferably 300 pm or less, further preferably 
100 to 200 pm. 

[0075] Although a necessary etching time varies depending 
on a kind of a glass, a concentration of an etching solution, 
and etching condition, even When any condition is adopted, 
by performing etching so that an etching depth is 100 to 300 
um, approximately equal result can be obtained. 
[0076] It is enough that an etching solution contains hydro 
gen ?uoride and has ability to dissolve SiO2 Which is a main 
component of a glass. From such a vieWpoint, a concentration 
of hydrogen ?uoride (HP) is appropriately selected from a 
range of 1 to 50% by Weight. When a concentration of hydro 
gen ?uoride is too small, ability to dissolve SiO2 or an etching 
rate is extremely reduced. On the other hand, When a concen 
tration becomes too high, hydrogen ?uoride itself easily vola 
tiliZed. A concentration of hydrogen ?uoride in an etching 
solution is preferably 5% by Weight or more, further prefer 
ably 10% by Weight or more, preferably 40% by Weight or 
less, and further preferably 35% by Weight or less. In order to 
increase stability of etching or an etching rate, an ammonium 
salt such as ammonium ?uoride, or a protonic acid such as 
hydrochloric acid, sulfuric acid, nitric acid and acetic acid 
may be added to an etching solution. 
[0077] An etching temperature should be appropriately set 
in order to obtain a necessary etching rate, and is preferably in 
a range of 1° to 60° C., particularly preferably 200 C. or more 
and 50° C. or less. Since a practical etching rate is not 
obtained at 10° C. or less and, additionally, crystallization of 
the reaction product of SiO2 and hydrogen ?uoride occurs, 
precipitating on the glass surface, there is a tendency that the 
resulting ?ne irregular surface easily becomes rough, and 
surfaces other than a multiple spherical surface shape are 
formed and, as a result, an anti-glare surface is easily Whit 
ened. On the other hand, When an etching temperature 
exceeds 60° C., change in a solution composition occurs 
during etching due to evaporation of hydrogen ?uoride, being 
not preferable. 
[0078] After completion of etching, a glass is suf?ciently 
Washed With pure Water, and dried, Which is used as a tem 
plate for emboss processing. 
[0079] The thus obtained glass having an irregular shape on 
the surface is used as a template 18 for transferring the shape 
onto the surface of a ?lm 30 as already explained referring to 
FIG. 4D. That is, an irregular shape of a template is trans 
ferred onto the surface of a transparent resin ?lm by a method 
of pushing a thermoplastic resin ?lm against an irregular 
surface of a template by thermal press, or a method of adher 
ing a transparent resin substrate ?lm coated With an ioniZing 
radiation curable resin to an irregular surface of a template on 
its ioniZing radiation curable resin-coated layer side, and 
irradiating With ioniZing radiation to curing it. 
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[0080] A transparent resin used for this reason may be any 
one as far as it is a ?lm having practically optical transpar 
ency. As a speci?c resin, there can be exempli?ed cellulose 
resins such as triacetylcellulose, diacetylcellulose, and cellu 
lose acetate propionate, cycloole?n polymer, polycarbonate, 
polymethyl methacrylate, polysulfone, polyether sulfone, 
and polyvinyl chloride. The cycloole?ne polymer is a resin 
using a cyclic ole?n such as norbornene and dimethanooc 
tahydronaphthalene as a monomer and, examples of a com 
mercially available product include “Arton” sold by J SR Co., 
Ltd., and “Zeonor” and “Zeonex” (all trade name) sold by 
Nippon Zeon Co., Ltd. 
[0081] Among them, a transparent resin ?lm having ther 
moplasticity comprising as polymethyl methacrylate, poly 
carbonate, polysulfone, polyether sulfone, and cycloole?n 
polymer can be used for transferring an irregular shape of the 
surface of a glass template onto the ?lm surface by pressing or 
adhering to a glass template having an irregular shape at an 
appropriate temperature, folloWed by peeling. 
[0082] On the other hand, as an ioniZing radiation curable 
resin When a shape is transferred using an ioniZing radiation 
curable resin, a compound having one more acryloyloxy 
groups in a molecule is preferably used. In order to improve a 
mechanical strength of an anti-glare surface, three- or more 
functional acrylate, that is, a compound having three or more 
acryloyloxy groups in a molecule is more preferably used. 
Examples include trimethylolpropane triacrylate, trimethylo 
lethane triacrylate, glycerin triacrylate, pentaerythritol tria 
crylate, pentaerythritol tetraacrylate, and dipentaerythritol 
hexaacrylate. In addition, in order to impart ?exibility to an 
anti-glare surface to make cracking dif?cult, an acrylate com 
pound having an urethane bond in a molecule is also prefer 
ably used. Speci?cally, examples of urethane acrylate such 
include an adduct of tWo molecules of compounds having an 
acryloyl group and at least one hydroxyl group in a molecule 
such as trimethylolpropane diacrylate and pentaerythritol 
triacrylate, and an isocyanate compound such as hexameth 
ylene diisocyanate and tolylene diisocyanate. Besides, other 
acrylate resins Which initiate radical polymeriZation With ion 
iZing radiation and cure the system, such as ether acrylates, 
ester acrylates may be used. 
[0083] Alternatively, cationic polymeriZable ioniZing 
radiation curable resins such as epoxy resins and oxetane 
resins may be used as a resin to Which irregularities are 
shaped after curing. In this case, a mixture of a cationic 
polymeriZable functional oxetane compound such as 
[0084] l ,4-bis[(3 -ethyl-3 -oxetanylmethoxy)methyl]ben 

Zene and bis(3-ethyl-3-oxetanylmethyl)ether, and an pho 
tocationic initiator such as 

[0085] (4-methylphenyl)[4-(2-methylpropyl)phenyl]iodo 
nium hexa?uorophosphate is used. 

[0086] When an acrylic ioniZing radiation curable resin is 
cured by irradiation With ultraviolet-ray, in order to generate 
a radical When receives ultraviolet irradiation, and initiate a 
polymeriZation and curing reaction, an ultraviolet radical ini 
tiator is used by addition. Irradiation With ultraviolet-ray is 
performed from a glass template surface side, or a transparent 
resin ?lm surface side and irradiation With ultraviolet-ray is 
performed from a transparent resin ?lm surface side, an ini 
tiator Which initiates a radical reaction in a visible region to an 
ultraviolet region in order to initiates a radical reaction in a 
Wavelength region of ultraviolet-ray Which transmits a ?lm. 
[0087] As a ultraviolet-ray radical initiator Which initiates a 
radical reaction by irradiation With ultraviolet-ray, in addition 
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to l -hydroxycyclohexylphenylketone, 2-methyl- l - [4-(meth 
ylthio)phenyl] -2-morpholinopropane- 1 -one, and 2-hydroxy 
2-phenyl-l-phenylpropane-l-one, a phosphorus series opti 
cal radical initiator having absorption in a visible region such 
as bis(2,4,6-trimethylbenZoyl)phenylphosphine oxide, 

[0088] bis(2,6-dimethoxybenZoyl)-2,4,4-trimethylpen 
tylphosphine oxide, and 2,4,6-trimethylbenZoyldiphe 
nylphosphine oxide is suitably used, in particular, When a 
ultraviolet curable resin is cured by irradiating ultraviolet 
ray through a transparent resin containing a ultraviolet 
absorbent. 

[0089] An ioniZing radiation curable resin (ultraviolet cur 
able-resin) is prepared into a coating solution in the state 
Where mixed With an initiator as necessary, or in a form of a 
solution a resin is dissolved in a solvent as necessary. Coating 
of a coating solution on a transparent substrate ?lm can be 
performed by an arbitrary method such as bar coating, roll 
coating, dip coating, gravure coating, and microgravure coat 
ing. After coating, a coated resin is subjected to drying treat 
ment as necessary. 

[0090] When a glass template having the surface on Which 
?ne irregularities are formed by etching treatment is plate 
like, ioniZing radiation is irradiated from a transparent resin 
?lm surface side for a glass template surface side in the state 
a template surface and a transparent resin ?lm With an 
uncured ioniZing radiation curable resin coated thereon are 
adhered so that a template surface is contacted With a coated 
surface, to cure an ioniZing radiation curable resin, Which Was 
peeled from a glass template together With a substrate ?lm, 
and a template shape is transferred onto the surface of a 
transparent ?lm. 
[0091] When a glass template is roll-like, and an irregular 
shape of a template is transferred using an ioniZing radiation 
curable resin, a transparent ?lm is irradiated With ioniZing 
radiation in the state Where a surface With an uncured ioniZing 
radiation curable resin coated thereon is adhered to a glass roll 
and, after curing, this is peeled from a roll template together 
With a substrate ?lm, thereby, the shape can be continuously 
transferred onto the surface of a transparent ?lm. 

[0092] IoniZing radiation may be ultraviolet-ray or electron 
beam. From a vieWpoint of easy handling and safety, ultra 
violet-ray is preferably used. As a light source of ultraviolet 
ray, a high pressure mercury lamp, and a metal halide lamp 
are preferably used. When irradiated through a transparent 
substrate containing a ultraviolet absorbent, in particular, a 
metal halide lamp containing much visible light component is 
suitably used. In addition, “V-Valve” and “D-Valve” (all trade 
name) manufactured by Fusion Co., Ltd. are preferably used. 
An amount of irradiation may be an amount su?icient for 
solidifying a ultraviolet curable resin to an extent that the 
resin can be released from a template. In order to further 
improve a surface hardness, irradiation may be performed 
again from a coated surface side after releasing. 

[0093] An example of a process for preparing an anti-glare 
?lm by forming a glass template in roll-like, continuously 
transferring irregularities of the template onto a ultraviolet 
curable resin coated on the surface of a transparent substrate 
?lm using the roll-like glass template, and curing this With 
ultraviolet-ray Will be explained based on FIG. 7. In this case, 
since a glass can be usually obtained in a form of tube, and is 
subjected to blast treatment and etching treatment in this 
state, a template roll may be prepared by inserting a rod made 
ofa metal into a holloW part ofa glass tube. 
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[0094] Referring FIG. 7, a substrate ?lm 31 is delivered 
from a delivery roll 40, a coating solution 35 of an ultraviolet 
curable resin is coated thereon in a coating zone 41, this is 
dried in a drying zone 43, and is introduced to a light exposure 
curing zone 45. In the light exposure curing zone 45, the ?lm 
is pushed against a roll-like glass template 18 With an inlet 
side nip roll 46, and irradiated With ultraviolet-ray from a light 
source 48 in this state, to cure a ultraviolet curable resin. 
Thereafter, the ?lm passes through an outlet-side nip roll 47, 
peeled from a template 18, and is Wound With a Winding roll 
50. In the ?gure, a straight line arroW indicates a direction of 
?lm progression, and a curved line arroW indicates a direction 
of roll rotation. 

[0095] As described above, since the anti-glare optical ?lm 
of the present invention is excellent in glare preventing effect, 
and Whitening of the surface is improved better, When 
mounted on an image display device, visibility is excellent. 
When an image display device is a liquid crystal display, this 
glare preventing optical ?lm may be a polarizing ?lm. That is, 
a polarizing ?lm is generally of a form in Which a protecting 
?lm is laminated on at least one side of a polarizer made of a 
polyvinyl alcohol resin ?lm onto Which iodine or dichromic 
die is orientation-adsorbed, in many cases. When the afore 
mentioned optical ?lm With glare preventing irregularity 
imparted is laminated on one side of such the polarizing ?lm, 
an anti-glare polarizing ?lm is obtained. Alternatively, by 
using the aforementioned optical ?lm With glare preventing 
irregularity imparted as an anti-glare layer also functioning as 
a protecting ?lm, and laminating this on one side of a polar 
izer so that its irregular surface is on outer side, an anti-glare 
polarizing ?lm may be obtained. Further, in a polarizing ?lm 
With a protecting ?lm laminated thereon, by imparting the 
aforementioned glare preventing irregularity to the surface of 
a ?lm having one protected surface, an anti-glare polarizing 
?lm may be obtained. 

[0096] In addition, a transparent resin ?lm shaping-treated 
as described above may be laminated on the surface of a 
polarizing plate using a pressure-sensitive adhesive or an 
adhesive, and may be arranged on a front side of a display 
device. In order to impart anti-glare property to the surface of 
a polarizing plate by the present method, the present invention 
can be utilized in preparation of a polarizing plate, by a 
method of imparting anti-glare property to the surface of a 
transparent resin ?lm used for protecting the surface of a 
polarizing plate such as triacetylcellulose by the present 
method, and laminating this glare preventing ?lm on one side 
of a polarizer, in addition to a method of using a polarizing 
plate itself as a transparent resin ?lm. 

EXAMPLES 

[0097] Hereinafter, description Will be given of the present 
invention by Way of the folloWing examples; hoWever, the 
present invention is not limited to the examples. 

Example 1 

[0098] A soda-lime glass having a thickness of 1.1 mm 
obtained from Nippon Sheet Glass Co., Ltd. Was blast-treated 
With a mono disperse aluminum crystal “Sumicorundum 
AA-5” (average particle diameter: 5 pm) obtained from 
Sumitomo Chemical Co., Ltd. A blast pressure Was 0.5 
kg/cm (50 kPa), and a blast time Was 120 seconds. Thus 
blast-treated glass Was ultrasound-Washed, dried, immersed 
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in 10% by Weight hydro?uoric acid at 400 C. for 1,200 sec 
onds, su?iciently Washed With pure Water, and dried to pre 
pare a template glass. 

[0099] 10 g of a urethaneacrylate ultraviolet curing resin 
“UA-l” obtained from Shin-Nakamura Chemical Co., Ltd., 
and 0.5 g of a photopolymerization initiator “Lucirin TPO” 
(chemical name: 2,4,6-trimethylbenzoyldiphenylphosphine 
oxide) obtained from BASF Corporation Were dissolved in 10 
g of ethyl acetate to prepare a coating solution. This coating 
solution Was coated on one side of triacetylcellulose ?lm 
having a thickness of 80 um obtained from Fuji Photo Film 
Co., Ltd. With a #16 bar coater in a dark place. This Was dried 
in an oven at 800 C. for 5 minutes, an coated surface in the 
uncured state Was adhered to a rough surface of a template 
glass prepared above using a hand roller so that bubbles do not 
enter, and ultraviolet-ray Was irradiated at a light amount of 
450 mJ/cm2 from a triacetylcellulose surface side using a high 
pressure mercury lamp, to cure the ultraviolet curing resin. 

[0100] A triacetylcellulose ?lm With a ultraviolet curing 
resin coated thereon Was peeled from a glass template to 
obtain a ?lm having the surface on Which ?ne irregularities 
Were formed. A surface shape of the resulting glare prevent 
ing optical ?lm Was measured, and it Was found that a ratio of 
planes having an inclination angle of the surface of 10 or less 
Was 19%, a ratio of planes having an inclination angle of the 
surface of 50 or more Was 8%, and a standard deviation of a 
height Was 0.17 pm. 

[0101] A triacetylcellulose surface of this glare preventing 
optical ?lm Was laminated on a black acrylic resin plate using 
a transparent adhesive, and its irregular surface Was irradiated 
With the light using a White light source from a direction at 
inclination of 30° from a ?lm main normal, and change in an 
angle of re?ectivity in a plane containing a ?lm main normal 
and an irradiation direction Was measured. For measuring 
re?ectivity “3292 03 Optical PoWer Sensor” and “3292 Opti 
cal PoWer Meter” manufactured by YokogaWa Electric Co., 
Ltd. Were used in any cases. As a result, re?ectivity in a 
direction shifted from a specular re?ection angle by 200 Was 
0.00017%. In addition, the anti-glare optical ?lm of the 
present example laminated on a black acrylic plate Was 
observed in a blight room, Whitening hardly occurred, and it 
Was con?rmed that considerably better blackness Was exhib 
ited. 

[0102] On the other hand, a triacetylcellulose side of the 
?lm obtained in the present example Was applied to a glass, a 
haze and re?ection clarity using a 1.0 mm optical comb at 450 
introduction Were measured, they Were 2.0% and 5.8%, 
respectively, and it Was found that a loW haze, and high 
re?ection on preventing ability Were possessed. In addition, a 
triacetylcellulose side of the same ?lm Was applied to a glass, 
transmittance clarity Was measured using 0.125 mm, 0.5 mm, 
1.0 mm and 2.0 mm optical combs, a total value of transmit 
tance clarity of these four kinds Was 210%. 

Example 2 

[0103] According to the same manner as that of Example 1 
except that a blast particle Was changed to “Sumicorundum 
AA-18” (average particle diameter: 18 um) obtained from 
Sumitomo Chemical Co., Ltd., a blast pressure Was 0.4 
kg/cm (40 kPa), and a blast time Was 120 seconds, an anti 
glare optical ?lm Was prepared. Results of optical property 
and visible assessment of the resulting ?lm are shoWn in Table 
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1. It Was found that this ?lm also has su?icient anti-glare 
property and Whitening preventing ability. 

Comparative Example 1 
[0104] According to the same manner as that of Example 1 
except that “Sumicorundum AA-5” Was used as a blast par 
ticle as in Example 1, a blast pressure Was 0.5 kg/cm2 (50 
kPa), and a blast time Was 10 seconds, an anti-glare optical 
?lm Was prepared. Results of optical property and visible 
assessment of the resulting ?lm are shoWn in Table 1. This 
?lm has little Whitening, but has considerable re?ection on, 
and it Was found that this ?lm is insu?icient as an anti-glare 
?lm. 

Comparative Example 2 
[0105] According to the same manner as that of Example 2 
except that “Sumicorundum AA-18” Was used as a blast 
particle as in Example 2, a blast pressure Was 1.0 kg/cm2 (100 
kPa), and a blast time Was 60 seconds, an anti-glare optical 
?lm Was prepared. Results of optical property and visible 
assessment of the resulting ?lm are shoWn in Table 1. This 
?lm has su?icient anti-glare property, but it Was found that 
Whitening is very intense. 

Comparative Example 3 
[0106] According to the same manner as that of Example 3 
except that a Zirconia bead “TZ-B125” Was used as a blast 
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particle as in Example 3, a blast pressure Was 0.5 kg/cm2 (50 
kPa), and a blast time Was 20 seconds, an anti-glare optical 
?lm Was prepared. Results of optical property and visible 
assessment of the resulting ?lm are shoWn Table 1. This ?lm 
has little Whitening, but has considerable re?ection on, and it 
Was found that this ?lm Was insu?icient as an anti-glare ?lm. 

Comparative Example 4 

[0107] 0.5 g of silica “Sylysia 350” (average particle diam 
eter: 1.8 pm) obtained from Fuji Silysia Chemical Co., Ltd., 
10 g of a urethaneacrylate ultraviolet curing resin “UA-l” 
obtained from Shin-Nakamura Chemical Co., Ltd., and 0.2 g 
of a photopolymeriZation initiator “Lucirin TPO” obtained 
from BASF Corporation Were mixed into 10 g of ethyl acetate 
to prepare a coating solution. This coating solution Was 
coated on one side of a triacetylcellulose ?lm having a thick 
ness of 80 um obtained from Fuji Photo Film Co., Ltd. having 
a thickness of 80 um using a #10 bar coater in a dark place, 
ultraviolet-ray Was irradiated at alight amount of 450 mJ/cm2 
using a high-pressure mercury lamp to cure the ultraviolet 
curing resin. Results of optical property and visible assess 
ment are shoWn in Table 1. This ?lm has suf?cient anti-glare 
property, but it Was found that Whitening is very intense. 

TABLE 1 

Optical property 

Inclination histogram Re?ectivity Visible assessment 

Standard in a Re?ection 

10 or 5° or deviation direction Re?ection Transmittance Whitening on 

more more of height shifted by 200 Haze clarity clarity (*1) (*2) 

Example 

1 19% 8% 0.17pm 0.00017% 2.0% 5.4% 210% @ Q 

2 12% 15% 0.16 pm 0.00046% 5.3% 14.7% 202% @ Q 

Comparative 

Example 

1 35% 20% 0.25 pm 0.0017% 5.6% 15.2% 233% @ X 

2 5% 55% 0.77 pm 0.018% 47% 14.2% 185% X G 

3 44% 4% 0.04pm 0.00012% 2.2% 19.8% 212% @ X 

4 8% 49% 0.51 pm 0.0073% 20% 5.1% 34.2% A Q 

(*1) Whitening @ : Considerably better (no Whitening) 

A: Whitening 

X: Extremely Whitening 

(*2) Re?ection on Q: Feel disinclined 

X: Outline of re?ected on image is seen 
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Example 3 

[0108] Aborosilicate glass plate (trade name “Pyrex”; 5 cm 
square, 4 mm thickness; purchased by designating size and 
thickness) manufactured byAsahi Techno Glass Co., Ltd. Was 
blast-treated using a zirconia bead (trade name “TZ-B53”, 
average particle diameter 53 um, approximately monodis 
perse) manufactured by Tosoh Co., Ltd. An amount of a blast 
agent (zirconia bead) used Was 100 ml, a blast pressure Was 
0.03 MPa, a distance from a blast nozzle to a glass plate Was 
40 cm, and a blast gun Was ?xed. Blast treatment Was com 
pleted in about 5 minutes. A glass after blast treatment 
remained approximately transparent, but When observed With 
a re?ection-type microscope manufactured by Keyence Cor 
poration, it Was con?rmed that many ?ne cracks Were pro 
duced on the surface at a depth of about 1 to 1.5 pm. 
[0109] A glass after blast Was immersed in an etching solu 
tion of Weight ratio 5/l/l/l0 of hydrogen ?uoride (HF)/am 
monium ?uoride ((NH4)2 SO4)/ sulfuric acid (H2SO4)/Water 
at a temperature of 400 C. for 1 hour, to perform etching and, 
thereafter, this Was Washed With pure Water. An etching depth 
Was 100 pm. When a surface shape Was observed by the 
re?ection-type micro scope described above, it Was con?rmed 
that the product has a shape that the Whole surface Was cov 
ered With ?ne spherical concave parts, and a ?at part is not 
present. 
[01 1 0] Separately, a photopolymerization initiator “Lucirin 
TPO” (manufactured by BASE Corporation, chemical name: 
2,4,6-trimethylbenzoyldiphenylphosphine oxide) Was added 
to a 50% solution of dipentaerythrytol hexaacrylate in ethyl 
acetate at 5 parts per 100 parts of dipentaerythrytol hexaacry 
late Which is a resin component, to obtain a ultraviolet curing 
resin solution. This ultraviolet curing resin solution Was 
coated on a triacetylcellulose ?lm manufactured by Fuji 
Photo Film co., Ltd. using a #20 bar coater, and dried at 80° C. 
for 5 minutes. This coated ?lm Was adhered to a glass plate 
having the surface on Which irregularities had been formed by 
the aforementioned etching using a hand roller so that a side 
coated With a ultraviolet curing resin Was an etching side of a 
glass plate, and irradiated With ultraviolet-ray for 1 minute 
using a high pressure mercury lamp. Thereafter, a triacetyl 
cellulose ?lm on Which a curable resin had been cured Was 
peeled from a glass plate, to obtain an anti-glare ?lm. 
[0111] Display property of the resulting glare preventing 
?lm Was assessed as folloWs. That is, a polarizing plate on a 
displace side Was peeled from a personal computer carrying a 
commercially available tWist nematic -type TFT liquid crystal 
display element, and a polarizing plate “SR1862AP” manu 
factured by Sumitomo Chemical Co., Ltd. Was applied 
thereto so that an absorbing axis of a polarizing plate Was 
consistent With an original polarizing plate. The aforemen 
tioned glare preventing ?lm Was applied on this polarizing 
plate via an adhesive on its triacetylcellulose ?lm side. A 
personal computer Was on, and display of a liquid crystal 
display device Was assessed With naked eyes as the black state 
in a light room. As a result, it Was con?rmed that the re?ected 
light toWards an observer side Was su?iciently reduced, and 
re?ection on of the outdoor daylight Was hardly observed in 
the black state, suf?cient anti-glare property Was possessed, 
and considerable better display property Was possessed. 

Example 4 

[0112] According to the same manner as that of Example 3 
except that a zirconia bead “TZ-SX17” (average particle 
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diameter: 35 um, approximately monodisperse) manufac 
tured by Tosoh Co., Ltd. Was used as a blast particle, and a 
blast pressure Was 0.04 MPa, an anti-glare ?lm Was obtained. 
According to the same manner as that of Example 5, assess 
ment Was performed, and it Was con?rmed that the re?ected 
light toWards an observer side Was suf?ciently reduced, the 
re?ected on outdoor daylight Was hardly observed in the 
black state, su?icient anti-glare property Was possessed, and 
considerably better display property Was possessed. 

Example 5 

[0113] According to the same manner as that of Example 3 
except that a zirconia bead “TZ-B90” (average particle diam 
eter: 90 um, approximately monodisperse) manufactured by 
Tosoh Co., Ltd. Was used as a blast particle, and a blast 
pressure Was 0.03 MPa, an anti-glare ?lm Was obtained. 
According to the same manner as that of Example 5, assess 
ment Was performed, and it Was con?rmed that the re?ected 
light toWards an observer side Was suf?ciently reduced, the 
re?ected on outdoor daylight Was hardly observed in the 
black state, su?icient anti-glare property Was possessed, and 
considerably better display property Was possessed. 

Example 6 

[0114] Using a borosilicate glass tube (trade name “Pyrex”, 
90 mm([), glass thickness: 2.4 mm, purchased by designating 
a diameter) manufactured by Asahi Techno Glass Co., Ltd. as 
a glass, blast procedure Was performed under the same con 
ditions as those of Example 3. Thereafter, using the same 
composition of an etching solution as that of Example 5, 
etching Was performed at 400 C. for 1.5 hours. An etching 
depth Was 150 pm. A template roll Was obtained by placing a 
metal rod into a holloW part of the thus etched glass tube. 

[0115] Separately, a triacetylcellulose ?lm Was continu 
ously supplied, and a ultraviolet curable resin having the same 
composition as that of Example 3 Was continuously coated on 
its surface With a microgravure coater, dried, guided in a light 
exposure curing zone in Which the aforementioned glass tem 
plate roll Was disposed, ultraviolet-ray from a high pressure 
mercury lamp Was irradiated While contacting With a template 
roll on a ultraviolet curable resin coated side for about 3 
seconds and, thereafter, the ?lm Was peeled from a template 
roll and Wound, Whereby, an anti-glare ?lm in Which an 
irregular plane of a ultraviolet curable resin Was formed on a 
triacetylcellulose ?lm Was continuously prepared. The result 
ing glare preventing ?lm Was assessed according to the same 
manner as that of Example 3, and it Was con?rmed that the 
re?ected light toWards an observer side Was su?iciently 
reduced, the re?ected on outdoor daylight Was hardly 
observed in the black state, suf?cient anti-glare property Was 
possessed, and considerably better display property Was pos 
sessed. 

Example 7 

[0116] According to the same manner as that of Example 6 
except that a blast pressure Was 0.01 MPa, an anti-glare ?lm 
Was obtained. According to the same manner as that of 
Example 3, assessment Was performed, and it Was con?rmed 
that the re?ected light toWards an observer side Was su?i 
ciently reduced, the re?ected on outdoor daylight Was hardly 
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observed in the black state, su?icient anti-glare property Was 
possessed, and considerably better display property Was pos 
sessed. 

Comparative Example 5 

[0117] According to the same manner as that of Example 3 
except that “Morundum A #80” (manufactured by ShoWa 
Denko Co., Ltd.) Which is an alumina particle having Wide 
particle diameter distribution, a ununiform shape, and an 
average particle diameter of about 200 um Was used as a blast 
particle, and a blast pressure Was 0.02 MPa, an anti-glare ?lm 
Was obtained. When the surface of a glass template prepared 
in this Example Was observed With a re?ection-type micro 
scope, a siZe of a concave part Was ununiform, and a large 
concave part Was dispersed. In addition, the resulting glare 
preventing ?lm Was assessed as in Example 3, and it Was 
con?rmed that the ?lm has suf?cient anti-glare property, but 
has rough surface state, and great glittering, and comprehen 
sive visibility is not suf?cient. 

Comparative Example 6 

[0118] According to the same manner as that of Example 3 
except that “Morundum A #220” (manufactured by ShoWa 
Denko Co., Ltd.) Which is an alumina particle having a ununi 
form shape, and a particle diameter distributed betWeen about 
45 um and about 75 Mm Was used as a blast particle, and a 
blast pressure Was 0.02 MPa, an anti-glare ?lm Was obtained. 
The surface of a glass template prepared in this Example Was 

Jun. 5, 2008 

scope, a siZe of a concave part Was ununiform, and a great 
concave part Was dispersed. The resulting glare preventing 
?lm Was assessed as in Example 3, and it Was con?rmed that 
the ?lm has su?icient anti-glare property, but has rough sur 
face state, and great glittering, and comprehensive visibility is 
not suf?cient. 

Comparative Example 8 

[0120] According to the same manner as that of Example 3 
except that a Zirconia bead “TZ-SX17” (average particle 
diameter: 35 um, approximately monodisperse) manufac 
tured by Tosoh Co., Ltd. Was used as a blast particle, and a 
blast pressure Was 0.01 MPa, an anti-glare ?lm Was obtained. 
The surface of a glass template prepared in this example Was 
observed With a re?ection-type microscope, many ?at parts 
Were recognized. This Was thought as folloWs.A blast particle 
(Zirconia bead) used in this example Was comparatively small 
as having an average particle diameter of 35 um, and this Was 
blasted at a loW blast pressure at 0.01 MPa. The anti-glare ?lm 
obtained in this example Was assessed as in Example 3, and it 
Was con?rmed that the ?lm has extremely insuf?cient glare 
preventing performance and inferior visibility. Incidentally, 
even in the case of the same Zirconia bead “TZ-SX17” as that 
used in this example, as shoWn in Example 4, When a blast 
pressure is raised to around 0.04 MPa, an anti-glare ?lm 
having su?icient performance can be obtained. 
[0121] Main conditions and results of the above examples 
and comparative examples are summariZed in Table 2. 

TABLE 2 

Condition Result 

Blast particle Blackness 

Experimental Template Trade Particle Blast in black Anti-glare 
No. glass name diameter pressure state property 

Example 3 Plate-like TZ-B53 53 pm 0.03 MPa Black Better 
Example 4 Plate-like TZ-SX17 35 pm 0.04 Mpa Black Better 
Example 5 Plate-like TZB90 90 pm 0.03 Mpa Black Better 
Example 6 Roll-like TZ-B53 53 pm 0.03 Mpa Black Better 
Example 7 Roll-like TZ-B53 53 pm 0.01 Mpa Black Better 
Comparative Plate-like Morundum 200 pm 0.02 Mpa Rough, Better 
Example 5 A #80 (Broad) Whitening 
Comparative Plate-like Morundum 45-75 pm 0.02 MPa Rough, Better 
Example 6 A #220 (Broad) Whitening 
Comparative Plate-like TZ-B53 53 pm 0.1 Mpa Rough, Better 
Example 7 Whitening 
Comparative Plate-like TZ-SX17 35 pm 0.01 Mpa Whitening Great 
Example 8 reflection 

on 

observed With a re?ection-type microscope, a siZe of a con- [0122] The anti-glare optical ?lm of the present invention 
cave part Was also ununiform, and a great concave part Was 
dispersed. In addition, the resulting glare preventing ?lm Was 
assessed as in Example 3, and it Was con?rmed that the ?lm 
has su?icient anti-glare property, but has rough surface state, 
and great glittering, and comprehensive visibility is not suf 
?cient. 

Comparative Example 7 

[0119] According to the same manner as that of Example 3 
except that a blast pressure Was 0.1 MPa, an anti-glare ?lm 
Was obtained. When the surface of a glass template prepared 
in this example Was observed With a re?ection-type micro 

properly controls distribution of an inclination angle of the 
surface on Which irregularities are formed, is excellent in 
glare preventing effect, can prevent so-called Whitening When 
mounted on an image display device including a liquid crystal 
display device, and can further improve visibility of an image 
display device. Further, by controlling also optical property 
of a ?lm, such the effect becomes further remarkable. In 
addition, according to the present invention, since a glass 
having the surface on Which ?ne irregularities are formed is 
used as a template, the anti-glare optical ?lm With a pre 
scribed surface irregular shape formed thereon can be pre 
pared at a large amount and at a constant quality. By making 
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a glass template tubular (roll-like), such the anti-glare optical 
?lm can be continuously prepared in a roll-manner. And, 
When formation of irregularities on glass surface is performed 
by a prescribed method, an anti-glare ?lm having ?ne irregu 
larities on surfaces so that approximately spherical convex 
shapes are disposed substantially compactly can be prepared, 
and this gives high glare preventing effect When applied to a 
display plane of various displays including a liquid crystal 
display device, and Whitening of a screen becomes small. 

1. A process for preparing an anti-glare optical ?lm, com 
prising the steps of: 

contacting a glass With an aqueous solution containing 
hydrogen ?uoride to obtain a template Which comprises 
the glass having the surface on Which a ?ne irregular 
shape is formed so that approximately spherical concave 
shapes are arranged to be substantially compact; and 

transferring the irregular shape of the surface of the tem 
plate onto the surface of a resin ?lm. 

2. The process according to claim 1, Wherein 
the glass is a quartz glass or a borosilicate glass. 
3. A process for preparing an anti-glare optical ?lm, com 

prising the steps of: 
forming ?ne ?aW on a surface of a glass, 
contacting the glass With an aqueous solution containing 

hydrogen ?uoride to obtain a template Which comprises 
the glass having the surface on Which a ?ne irregular 
shape is formed; and 

transferring the irregular shape of the surface of the tem 
plate onto the surface of a resin ?lm. 

4. The process according to claim 3, Wherein the glass is a 
quartZ glass or a borosilicate glass. 

5. The process according to claim 3, Wherein the ?ne ?aW 
is formed at a depth of 10 um or less by blast treatment on the 
glass surface. 
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6. The process according to claim 5, Wherein the blast 
treatment is performed using a bead having substantially 
monodisperse particle diameter distribution. 

7. The process according to claim 6, Wherein the bead has 
an average particle diameter of 180 pm or less. 

8. The process according to claim 5, Wherein the blast 
treatment is performed at a blast pressure of 0.01 to 0.05 MPa, 
and at conditions under Which the ?ne ?aW is formed so that 
spherical concave shapes are formed on the glass surface to be 
substantially compact by contacting With an aqueous solution 
containing hydrogen ?uoride. 

9. The process according to claim 3, Wherein etching is 
performed by contact With an aqueous solution containing 
hydrogen ?uoride to such an extent that an etching depth 
becomes lO-fold or more an average depth of the ?ne ?aW. 

10. The process according to claim 1, Wherein the template 
is a tubular glass having the outer surface on Which the ?ne 
irregular shape is formed, and the irregularity is continuously 
transferred onto the resin ?lm. 

11. The process according to claim 1, Wherein the resin ?lm 
comprises a thermoplastic transparent resin, and an irregular 
shape of a template is transferred onto its surface by thermal 
press. 

12. The process according to claim 1, Wherein the resin ?lm 
comprises an ioniZing radiation curable resin layer formed on 
the surface of a transparent substrate ?lm. 

13. The process according to claim 12, Wherein the ioniZ 
ing radiation curing layer is contacted With the template, and 
ioniZing radiation is irradiated to cure the resin layer, Whereby 
the irregular shape of a template is transferred on the resin 
layer after curing. 


