
DESCRIPTION 

Title of the Invention 

ANTI-REFLECTION FILM 

Technical Field 

[0001] 

The present invention relates to an antireflection film. The 

present invention relates to an antireflection film that is used in, 

for example, a display device to prevent reflections of sunlight, 

room lighting, disturbance light, and the like and to improve the 

visibility of a screen so as to cause the screen to be clearly seen. 

Background Art 

[0002] 

(Operation of antireflection film) 

Various devices such as a mobile phone, a mobile computer, and 

a personal computer include display devices that can display 

high-definition image . However, in the display device, when outside 

light such as sunlight or room lighting enters the screen, a part 

of the light is reflected by the screen to deteriorate contrast on 

the screen and disadvantageousiy whiten the screen. 

[0003] 

Such a phenomenon in which outside light is reflected occurs 

as shown in Fig. 1A, for example. Fig. 1A shows a display device 

11 in which a cover panel 13 is superposed on the front surface of 

a liquid crystal display panel 12 through an air gap (space). When 

outside light enters the display device 11, light quantity of 4% of 

the incident outside light is reflected by the front surface of the 

cover panel 13, light quantity of 3.8% of the incident outside light 

is reflected by the rear surface of the cover panel 13, and light 

quantity of 3.7% of the incident outside light is reflected by the 

front surface of the liquid crystal display panel 12. As a result, 

when light quantity of 100% of the incident outside light enters the 

display device 11, total light quantity of 11.5% of the incident 

outside light is reflected toward the front side. Thus, reflected 

light (white light) overlaps the image displayed on the liquid crystal 

display panel 12 to decrease contrast of the image, thereby 

deteriorating display quality. 
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[0004] 

In order to prevent the phenomenon from occurring, an 

antireflection film (ARS) is used. As such an antireflection film, 

for example, the antireflection films disclosed in Patent Document 

1 or Patent Document 3 are known. The antireflection film is obtained 

such that, on a surface of a transparent film base material, fine 

optical projections having a refractive index equal to that of the 

film base material are densely formed. The optical projection has 

a shape such as a conical shape, a truncated cone shape, or a square 

pyramid shape. 

[0005] 

Fig. IB shows a case in which an antireflection film 14 is stuck 

on the rear surface of the cover panel 13. In this case, light 

quantity of 4% of incident outside light is reflected by the front 

surface of the cover panel 13, light quantity of 0.34% of the incident 

outside light is reflected by the rear surface of the cover panel 

13, and light quantity of 3.83% of the incident outside light is 

reflected by the front surface of the liquid crystal display panel 

12. As a result, reflection on the rear surface of the cover panel 

13 to which the antireflection film 14 is stuck is considerably 
suppressed, and only total light quantity of 8.17% of the incident 

outside light is reflected toward the front side. Thus, when one 

antireflection film 14 is stuck, reflected light quantity is 

approximately 2/3 times that obtained when no antireflection film 

14 is stuck. 

[0006] 

Fig. 1C shows a case in which the antireflection films 14 are 

stuck to the rear surface of the cover panel 13 and the front surface 

of the liquid crystal display panel 12, respectively. In this case, 

light quantity of 4% of incident outside light is reflected by the 

front surface of the cover panel 13, light quantity of 0.34% of the 

incident outside light is reflected by the rear surface of the cover 

panel 13, and light quantity of 0.33% of the incident outside light 

is reflected by the front surface of the liquid crystal display panel 

12. As a result, reflections on the rear surface of the cover panel 

13 to which the antireflection film 14 is stuck and the front surface 
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of the liquid crystal display panel 12 are suppressed, and only total 

light quantity of 4.67% of the incident outside light is reflected 

toward the front side. Thus, when the two antireflection films 14 

are stuck, reflection light quantity is approximately 1/3 times that 

obtained when no antireflection film 14 is stuck. 

[0007] 

Thus, when an antireflection film is stuck to the display 

device in advance, reflection of outside light can be reduced, and 

contrast on an image is increased to make it possible to vividly 

display the image. In the above description, a reflectance on a 

surface to which an antireflection film is not stuck is set to 4%, 

and a reflectance on a surface to which an antireflection film is 

stuck is set to 0.35%. However, as these values, typical values are 

used. The values of the reflectances slightly change depending on 

the type of an antireflection film, the material of a cover panel, 

and the like. 

[0008] 

(Weak side of antireflection film) 

Dirt, sebum, and the like easily adhere to a display device 

used in a mobile phone, a mobile computer, or the like. For this 

reason, the surface of the display device is frequently wiped with 

soft cloth, a cleaner, or the like to wipe out dirt, sebum, or the 

like. When the dirt, sebum, or the like on the surface is wiped out, 

a cover panel is pressed with a finger. For this reason, as shown 

in Fig. IB or 1C, when an antireflection film is stuck, fine optical 

projections on the antireflection film are depressed with a surface 

facing the fine optical projections and easily flattened out. 

Furthermore, in a display device including a touch panel formed on 

the front surface, since the touch panel is depressed with a finger 

or a touch pen, when an antireflection film is stuck, optical 

projections on the antireflection film are depressed against a 

surface facing the optical projections and easily flattened out. 

When the optical projections are flattened out in this manner, the 

antireflection function of the antireflection film is deteriorated 

and damaged. 

[0009] 
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(Protective pillar of antireflection film) 

For this reason, in an antireflection film disclosed in Patent 

Document 2, on an antireflection film having a surface on which 

nano-order optical projections are densely formed, micron-order 

protective pillars having a height larger than that of the optical 

projections are scattered. The optical projections are protected 

by the protective pillars to prevent the optical projections from 

being easily flattened out even though the surface of the display 

device is pressed. 

[0010] 

Patent Document 2 describes conical protective pillars having 

conical shapes, square pyramid shapes, triangular pyramid shapes, 

and the like and columnar protective pillars having quadratic prism 

shapes, circular columnar shapes, and elliptic cylinder shapes. 

However, when the conical protective pillars are used, the tops of 

the pillars are easily flattened when the protective pillars are 

depressed with a surface facing the protective pillars. For this 

reason, top surfaces of the protective pillars need to be made flat 

to be able to withstand a load. In addition, in order to withstand 

the load, the top surfaces of the protective pillars preferably have 

large areas as much as possible. However, since the protective 

pillars cannot have antireflection structures formed thereon, when 

the areas of the top surfaces of the protective pillars are increased, 

the optical performance of the antireflection film is deteriorated. 

When the side surfaces of the protective pillars are inclined, the 

areas of the proximal end surfaces of the protective pillars increase. 

Accordingly, the areas of regions having no antireflection structure 

on the antireflection film increase. On the other hand, when 

columnar protective pillars each having a uniform section are used, 

mold releasing properties of an antireflection film are poor when 

the antireflection film is molded, and the protective pillars are 

not easily released from a mold. As a result, the protective pillars 

are not easily increased in height. For this reason, among persons 

skilled in the art, it is considered that the side surfaces of the 

protective pillars is brought close to perpendicular surfaces as much 

as possible without influencing molding properties to reduce useless 
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areas of the protective pillars. In general, protective pillars 

having inclined side surfaces and truncated cone shapes that are close 

to circular columnar shapes are used. 

[0011] 

(Difference in reflectance between front-surface reflection and 

rear-surface reflection) 

However, when protective pillars on an antireflection film 

have truncated cone shapes (angle between a side surface and a central 

axis is about 20c ), an antireflection effect obtained in a case in 

which outside light enters an opposing surface (rear surface) of the 

surface on which the optical projections 16 or the protective pillars 

15 are formed (to be referred to rear-surface incidence hereinafter) 

as shown in Fig. 2C is inferior to an antireflection effect obtained 

in a case in which outside light enters a surface (front surface) 

on which optical projections 16 or protective pillars 15 are formed 

as shown in Fig. 2A (to be referred to as front-surface incidence 

hereinafter). Fig. 2B is a micrograph of the front surface of an 

antireflection film when outside light enters the front surface, and 

Fig. 2D is a micrograph of the rear surface of the antireflection 

film when outside light enters the rear surface. As is apparent from 

the micrographs, in the rear-surface incidence, portions 

corresponding to the protective pillars shine considerably brightly 

more than those in the front-surface incidence . In particular, since 

the side surface of the protective pillar strongly shines, the pillar 

shines in an annular shape. When this is expressed by numerical 

values, the reflectance of the antireflection film in the 

rear-surface incidence is 0.49% larger than that in the front-surface 

incidence. 

[0012] 

The reason why the above phenomenon occurs is as follows. As 

shown in Fig. 3, when light LI enters the protective pillar 15 having 

a truncated cone shape in rear-surface incidence, the incident light 

LI is reflected more than once by the side surface and the distal-end 

surface of the protective pillar 15 to cause regressive reflection. 

As a result, in the rear-surface incidence, the reflectance of the 

antireflection film 14 increases. 
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[0013] 

In a conventional antireflection film including protective 

pillars formed thereon as described above, optical characteristics 

in rear-surface incidence are considerably different from those in 

front-surface incidence. For this reason, a reflectance obtained 

when the antireflection film is stuck to a front surface of a liquid 

crystal display panel (front-surface incidence) is considerably 

different from a reflectance obtained when the antireflection film 

is stuck to a rear surface of a cover panel (rear-surface incidence) . 

The antireflection film is disadvantageous in design or application 

for a display device, and difficult to be used. 

[0014] 

(Occurrence of interference by depression) 

Fig. 4A shows the antireflection film 14 arranged to face a 

facing member 18 such as a liquid crystal display panel. In the 

antireflection film 14, an antireflection structure including fine 

optical projections 16 and the protective pillars 15 that are higher 

than the optical projections 16 to protect the optical projections 

are formed on a surface of a film base material 17. In Fig. 4A, the 

optical projections 16 are not shown. An interval K between the 

protective pillars 15 is about 50 /im. 
[0015] 

The protective pillar 15 on the observer's left in Fig. 4A is 

a protective pillar separated from the facing member 18 . On the other 

hand, the protective pillar 15 on the observer's right in Fig. 4A 

is a protective pillar that is flattened out between the 

antireflection film 14 and the facing member 18 by pressing the 

antireflection film 14. When the protective pillars 15 are formed 

on the antireflection film 14, light (reflectance of 4%) reflected 

by the distal-end surface of the protective pillar 15 interferes with 

light (reflectance of 0.35%) reflected by the lower surface of the 

film base material 17 . However, even though the interference occurs, 

a visual influence of the interference depends on optical intensities 

of the two beams interfering with each other and a difference between 

lengths (optical path difference) of the beams. In the case in Fig. 

4A, since interference between beams having intensities considerably 
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different from each other, i.e., between weak reflected light having 

an optical intensity of 0.35% on the lower surface of the film base 

material 17 and reflected light having an optical intensity of 4% 

on the distal-end surface of the protective pillar 15 occurs, the 

length difference need to be considerably short to cause the intensity 

of interference light to reach a level at which the interference light 

can be visually checked. As a result of experiments and examinations, 

it was found that, to cause interference between the 0.35% reflected 

light and the 4% reflected light to reach a level at which the 

interference can be visually checked, the length difference between 

the beams needed to be short to about 2/im. 
[0016] 

In the left protective pillar 15 in Fig. 4A, the height of the 

protective pillar 15 is normally larger than 2 ju.m. For this reason, 

even though light reflected by the lower surface of the film base 

material 17 and light reflected by the distal-end surface of the 

protective pillar 15 interfere with each other, the interference does 

not reach a level at which the interference can be visually checked. 

In contrast to this, when the antireflection film 14 is pressed with, 

for example, a finger or the like to flatten the protective pillar 

15 like the right protective pillar 15 in Fig. 4A to obtain a height 

of not more than 2 /xm, interference between the light reflected by 

the lower surface of the film base material 17 and the light reflected 

by the distal-end surface of the protective pillar 15 reaches a level 

at which the interference can be visually checked. When the 

interference reaches the level at which the interference can be 

visually checked, a color (interference color) generated by the 

interference is observed. For this reason, as shown in Fig. 4B, a 

region that is not pressed on the antireflection film 14 is not 

colored, and only a pressed region looks colored with the interference 

color. 

[0017] 

Fig. 11A is a photograph showing an antireflection film when 

a region indicated by a circle R is pressed (The circle R has a diameter 

almost equal to the width of adult's finger. ) . An interference color 

generated in the pressed region is a faint color. However, even 
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though the interference color itself is a faint color, since a change 

in color caused between the region and a peripheral region in which 

no interference color is generated is unsightly, a visual problem 

is posed. 

Prior Art Document 

Patent Document 

[0018] 

[Patent Document 1] Japanese Unexamined Patent Publication No. 

2002-122702 

[Patent Document 2] Japanese Unexamined Patent Publication No. 

2004-70164 

[Patent Document 3] Japanese Patent No. 4539759 

SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 

[0019] 

The present invention has been made in consideration of the 

technical problem described above and has as its object to prevent, 

on an antireflection film including protrusions (protective pillars) 

for protecting optical projections, regressive reflection caused by 

the protective pillars in rear-surface incidence. It is another 

object of the present invention to obscure, on an antireflection film 

having protrusions (protective pillars) for protecting optical 

projections, a change in color between an interference color 

generated in a pressed region and a color in a peripheral region in 

which no interference color is generated. 

Means for Solving the Problem 

[0020] 

An antireflection film according to the present invention 

includes a film base material, an antireflection structure including 

a plurality of fine optical projections formed on a surface of the 

film base material, and a plurality of protrusions having a height 

larger than that of the optical projections . Each of the protrusions 

has a section being parallel with a surface of the film base material 

and having a sectional area that gradually decreases from a 

proximal-end side to a distal-end side, and, when a diameter of the 

protrusion at a proximal end thereof, a height of the protrusion, 
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and an angle between a side surface of the protrusion and a central 

axis of the protrusion on a section passing through the central axis 

of the protrusion are given by D, H, and 9 , respectively, the 

antireflection film has the following relationship: 

D > 2H x tan (2 0) ... (condition 1). 

[0021] 

Since the antireflection film according to the present 

invention satisfies the condition 1, light entering the protrusion 

in rear-surface incidence is not regressively reflected in an 

original direction, and is guided into the film base material. For 

this reason, even though the antireflection film is used in a 

rear-surface incidence mode, the protrusion does not easily shine, 
and advantages of the antireflection film become more preferable. 

As a result, a difference between a reflectance obtained when the 

antireflection film is used such that light enters the antireflection 

film in rear-surface incidence and a reflectance obtained when the 

antireflection film is used such that light enters the antireflection 

film in front-surface incidence becomes small. It is not always 

required that all the protrusions satisfy condition 1. Even though 

at least some of the protrusions satisfy condition 1, reflected light 

in rear-surface incidence is. advantageously reduced. 

[0022] 

In an aspect of the antireflection film according to the 

present invention, when refractive indexes of the protrusions are 

given by n, at least one protrusion of the plurality of protrusions 

satisfies the following relationship: 

8 > 0.5 x arcsin (1/n) ... (condition 2). 

In the conventional technique, condition 2 is satisfied, and 

regressive reflection in rear-surface incidence occurs. Thus, when 

condition 1 is applied when condition 2 is satisfied, reflected light 

in rear-surface incidence can be reduced. 

[0023] 

In another aspect of the antireflection film according to the 

present invention, the protrusions have dimensions of smaller than 

60 u m when viewed from the top and are arranged at intervals of 100 

um or more. 
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[0024] 

In still another aspect of the antireflection film according 

to the present invention, a dimension when viewed from the top of 

the protrusion is preferably 4 0 11 m or less especially. For example, 

the dimension when viewed from the top is preferably about 20 iim. 
[0025] 

In still another aspect of the antireflection film according 

to the present invention, intervals between the protrusions are 

preferably 200 /zm or more. 
[0026] 

In still another aspect of the antireflection film according 

to the present invention, a density at which the protrusions are 

arranged is preferably about 1%. 

[0027] 

In still another aspect of the antireflection film according 

to the present invention, the height of the protrusion is preferably 

2 /jni or more. When the height of the protrusion is smaller than 2 

ii m, even though the antireflection film is not pressed, interference 
fringes disadvantageously occur between the antireflection film and 

a surface of a member such as a liquid crystal panel facing the 

antireflection film. 

[0028] 

Furthermore, a density of the protrusions per unit area is 

preferably 1% or more. The protrusions for protecting an 

antireflection structure must support the antireflection film while 

withstanding a predetermined load. For this purpose, the 

protrusions need occupy an area that is at least 1% of the area of 

the antireflection film. When the density of the protrusions 

decreases, a region between the protrusions may be bent to bring the 

protrusions into contact with the facing member. For this reason, 

the intervals between the protrusions are not excessively widened. 

For this purpose, the protecting pillars are required to have a 

density of 1% or more. 

[0029] 

In still another aspect of the antireflection film according 

to the present invention, when the antireflection film is used while 
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being superposed on a liquid crystal panel, an alignment direction 

of the protrusions may be inclined with respect to an alignment 

direction of the liquid crystal panel. According to the aspect, even 

though an alignment pitch of the protrusions on the antireflection 

film is almost equal to a pixel pitch of the liquid crystal panel, 

Moire fringes do not easily occur. 

[0030] 

In still another aspect of the antireflection film according 

to the present invention, the antireflection film can be arranged 

between, for example, an information display module and a cover panel 

or a touch panel module. In this manner, the screen of a display 

device can be prevented from being hard to be seen due to reflection 

of sunlight or illumination lighting. 

£ 0031] 

A means for solving the problem in the present invention has 

characteristics obtained by arbitrarily combining the constituent 

elements described above. The present invention enables a large 

number of variations obtained by combining the constituent elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] 

[Fig. 1] Fig. 1A is a schematic sectional views of a display 

device in which an antireflection film is not arranged. Fig. IB is 

a schematic sectional view of a display device using one 

antireflection film. Fig. 1C is a schematic sectional view of a 

display device using two antireflection films. 

[Fig. 2] Fig. 2A is a diagram showing light entering an 

antireflection film in front-surface incidence. Fig. 2B is a 

micrograph showing a manner of a front surface of antireflection film 

which light enters in front-surface incidence. Fig. 2C is a diagram 

showing light entering the antireflection film in rear-surface 

incidence. Fig. 2D is a micrograph showing a manner of a rear surface 

of the antireflection film which light enters in rear-surface 

incidence. 

[Fig. 3] Fig. 3 is a pattern diagram showing a manner in which 

regressive reflection is caused by protective pillars in rear-surface 

incidence on a conventional antireflection film. 
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[Fig. 4] Fig. 4A is a schematic view showing a state in which, 

in a conventional antireflection film, when a part of the 

antireflection film is pressed to flatten a protective pillar between 

the antireflection film and a facing member. Fig. 4B is a graph 

showing a change in chromaticity corresponding to Fig. 4A. 

[Fig. 5] Fig. 5 is a partially enlarged perspective view showing 

an antireflection film according to the first embodiment of the 

present invention. 

[Fig. 6] Fig. 6 is a schematic view showing a section passing 

through the central axis of one protective pillar. 

[Fig. 7] Fig. 7 is a diagram showing a relationship between the 

diameter of a protective pillar and the intensity of regressive 

reflection caused by the protective pillar. 

[Fig. 8] Fig. 8 is a diagram for explaining a protective pillar 

having a curved sectional shape. 

[Fig. 9] Fig. 9 is a partially enlarged perspective view showing 

an antireflection film according to a second embodiment of the present 

invention. 

[Fig. 10] Fig. 10A is a schematic view showing a state in which, 

in the antireflection film according to the first embodiment of the 

present invention, a part of the antireflection film is pressed to 

depress a protective pillar between the antireflection film and a 

facing member. Fig. 10B is a graph showing a change in chromaticity 

corresponding to Fig. 10A. 

[Fig. 11] Figs . 11A, 11B, and 11C show manners obtained when parts 

of antireflection films in which intervals between protective pillars 

are changed to 50 /im, 200 /ii, and 500 p. m, respectively are pressed. 
[Fig. 12] Figs. 12A, 12B, and 12C show manners obtained when parts 

of antireflection films in which diameters of protective pillars are 

changed to 20 u, m, 40 /im, and 60 ̂ m, respectively are pressed. 

[Fig. 13] Figs. 13A, 13B, and 13C are schematic views for 

explaining a handling method of an antireflection film. 

[Fig. 14] Fig. 14 is a diagram for explaining each arrangement 

of an antireflection film and an image display panel. 

[Fig. 15] Fig. 15A is a diagram showing a manner in which an 
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antireflection film facing a liquid crystal panel is bent. Fig. 15B 

is a diagram showing an antireflection film having protective pillars 

each having a height of 2 fim or more. 
[Fig. 16] Fig. 16A is a photograph showing interference fringes 

(Newton's ring) generated in an antireflection film having no 

protective pillars. Fig. 16B is a photograph showing an 

antireflection film having protective pillars each having a height 

of 3 /^m. 

Reference Numerals 

[0033] 

21, 31, 40 Antireflection film 

22 Film base material 

23 Optical projection 

24 Protective pillar 

24a Side surface of protective pillar 

24b Distal-end surface of protective pillar 

42 Image display panel 

43 Cover panel 

K Interval between protective pillars 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0034] 

Preferred embodiments of the present intention will be 

described below with reference to the accompanying drawings. The 

present invention is not limited to the following embodiments, and 

various changes in design can be effected without departing from the 

spirit and scope of the present invention. 

[0035] 

(First Embodiment) 

Fig. 5 is a partially enlarged perspective view showing an 

antireflection film 21 according to a first embodiment of the present 

invention. Fig. 6 is a sectional view showing a section passing 

through the central axis of its protrusion, i.e., a protective pillar 

24. As shown in Fig. 5, the antireflection film 21 is formed such 

that, on a smooth surface of a transparent film base material 22, 

a large number of transparent optical projections 23 having a 

refractive index equal to that of the film base material 22 are densely 
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formed. On the surface of the film base material 22, transparent 

protective pillars 24 (protrusions for preventing tight contact) each 

having a truncated cone shape and a refractive index equal or almost 

equal to that of the film base material 22 are arranged at a 

predetermined pitch. 

[0036] 

The film base material 22 is made of a transparent resin having 

a large refractive index such as a polycarbonate resin or an acrylate 

resin and shaped in the form of a plate. The film base material 22 

may be a hard resin base material or a thin flexible film base material 

the thickness of which is not limited to a specific value. 

[0037] 

Optical projections 23 are nano-sized fine projections, and 

have shapes such as conical shapes, truncated cone shapes, or 

quadrangular pyramid shape. The shape of the optical projection 23 

may configure a part of an ellipsoid of revolution. 

[0038] 

The protective pillar 24 has a truncated cone shape in which 

the area of a distal-end surface is smaller than the area of a bottom 

surface, and has a height larger than that of the optical projection 

23. The protective pillar 24 has a side surface 24a and a distal-end 

surface 24b. The distal-end surface 24b is parallel with the surface 

of the film base material 22. As indicated by a solid arrow in Fig. 

6, when light L2 vertically enters the antireflection film 21 in 

rear-surface incidence, the light L2 hitting on the side surface 24a 

is totally reflected by the side surface 24a, enters the distal-end 

surface 24b, and is totally reflected by the distal-end surface 24b. 

Thereafter, the light L2 enters the film base material 22 without 

entering the side surface 24a again and is laterally guided into the 

film base material 22. Thus, even though the light enters the 

antireflection film 21 in rear-surface incidence, the light is 

regressively reflected by the protective pillar 24 and does not return 

in an original direction. For this reason, the protective pillar 

24 is hard to be seen due to reflected light. As a result, in each 

of the front-surface incidence and the rear-surface incidence, 

reflected light can be advantageously cut at the same level. 

14 



[0039] 

A condition for causing light entering the antireflection film 

in rear-surface incidence to exhibit a behavior as shown in Fig. 6 

will be clarified. Since light that is most easily regressively 

reflected is light entering an end (point a in Fig. 6) of the 

protective pillar 24, when the light cannot be regressively reflected, 

any light reflected by the side surface 24a is not regressively 

reflected. When the refractive index of the protective pillar 24 

and an angle between the side surface 24a on a section passing through 

the central axis of the protective pillar 24 and the central axis 

are given by n and 0 , respectively, a condition under which light 

L3 entering the point a on the end of the protective pillar 24 is 

totally reflected by the side surface 24a is given by: 

0° < 9 < arccos (i/n) ... (condition 3) . 

The light L3 totally reflected by the point a enters the distal-end 

surface 24b, a condition under which the light L3 is totally reflected 

by the distal-end surface 24b is given by: 

0 > 0.5 x arcsin (1/n) ... (condition 4). 

A condition under which a point b is not on the side surface 24a but 

on the distal-end surface 24b is given by the following expression, 

where the diameter of the proximal-end surface of the protective 

pillar 24 is D, and the height of the protective pillar 24 is H, 

H x tan (2 0) < D - H x tan ( 0 ) ... (condition 5) . 

Furthermore, in order to prevent the light L3 in rear-surface 

incidence from being regressively reflected, light 

totally-reflected by the distal-end surface 24b need only pass on 

the left side of a point c on the end of the side surface 24a. For 

this purpose, 

D > 2H x tan (2 6) ... (condition 6) 

need only be satisfied. 

[0040] 

In order to prevent regressive reflection from occurring in 

rear-surface incidence as described above, the conditions 3 to 6 need 

only be satisfied. In this case, when the angle 6 between the side 

surface 24a and the central axis comes close to 45° , the diameter 

D of the protective pillar 24 must be very large (see condition 6), 
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the 8 must be practically smaller than 45° . For this reason, when 

the refractive index is a normal value, condition 3 is naturally 

satisfied. Furthermore, when condition 6 is satisfied, condition 

5 is also satisfied. Thus, it is understood that condition 4 and 

condition 6 need only be satisfied. However, when all the protective 

pillars 24 do not satisfy condition 4, since light passes through 

the distal-end surface 24b and is not regressively reflected, a 

problem is not essentially posed. Therefore, when at least some of 

the protective pillars 24 satisfy condition 4, the invention of this 

application is useful. Consequently, it is understood that the 

protective pillars 24 can be prevented from shining by regressive 

reflection as long as condition 6 is satisfied. 

[0041] 

All the protective pillars 24 preferably satisfy condition 6. 

However, all the protective pillars 24 are not required to satisfy 

condition 6. When at least some of the protective pillars 24 satisfy 

condition 6, the effect can be obtained at a limited level. 

[0042] 

When the antireflection film 21 is shaped, in consideration 

of properties of removal of the protective pillars 24 from a mold, 

difficulty of occurrence of chipping, and the like, the angle 9 of 

the side surface 24a is desirably set to 30° or more and 40° or less, 

and, in particular, 30° or more and 35° or less. Thus, as an example 

of the protective pillar 24 that satisfies condition 6, for example, 

the protective pillar 24 having a height H of about 3 n m and a diameter 
D of 3 fim may be used. 
[0043] 

Fig. 7 shows micrographs obtained when light enters protective 

pillars having different diameters D in rear-surface incidence. The 

protective pillars are aligned in ascending order of the diameters 

D along the abscissa, and the protective pillars are aligned in 

ascending order of the intensities of reflected light along the 

ordinate. As conditions for this measurement, the height H of the 

protective pillar is set to 3 n m, and the angle 0 of the side surface 
24a is set to 30° . In this numerical example, the minimum value of 

the diameter D calculated on the basis of condition 6 is about 10 
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p. m. The first and second pillars having the diameters D of 3 pm 
and 5 p m from the left are the protective pillars of the conventional 
technique, and the pillar having a diameter D of 10 /im is on the 

boundary. The first, second, and third protective pillars having 

the diameters D of 21 /ii, 41 ,ui, and 61 (in from the right are the 
protective pillars according to the embodiment of the present 

invention. The protective pillars having the diameters D of 3 pm 
and 5 M m considerably shine due to regressive reflection. The 

protective pillar having the diameter D of 10 nm leaves regressively 

reflected light in relation to profile irregularity. In the 

protective pillar having the diameter D of 21 p m or more, 

regressively reflected light is rarely observed. 

[0044] 

(Extension to protective pillar having curved section) 

An application of condition 6 when the section of the 

protective pillar 24 is curved will be described below. Fig. 8 shows, 

as an example of the protective pillar, the protective pillar 24 

having an elliptical section. When a height of a top P measured from 

the bottom surface of the protective pillar 24 is given by H, points 

Nl and N2 on the surface of the protective pillar 24 at a height that 

is 1/2 the height H will be considered. More specifically, a height 

of a horizontal plane T passing through the top P and being parallel 

with the bottom surface is given by H when the height is measured 

from the bottom surface, and points on the surface of the protective 

pillar 24 at the height of H/2 from the bottom surface are given by 

Nl and N2, respectively. Next, tangent lines SI and S2 tangent to 

the protective pillar surface at the points Nl and N2 on the section 

passing through the central axis of the protective pillar 24 are 

calculated, intersection points between the tangent lines SI and S2 

and the bottom surface are given by B1 and B2, respectively, and the 

intersection points between the tangent lines SI and S2 and the 

horizontal plane T are given by CI and C2, respectively. A truncated 

cone shape defined by a trapezoid B1 - Nl - CI - P - C2 - N2 - B2 

configured by the tangent lines SI and S2 and the horizontal plane 

T that are defined by the sections as described above is a shape to 

which condition 6 is applied. That is, when condition 6 is applied 
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to the protective pillar 24 having the shape, a distance between B1 

and B2 may be defined as the diameter D, and angles between the tangent 

lines SI and S2 and the central axis may be defined as the angle 0 . 

[0045] 

(Second Embodiment) 

An antireflection film 31 according to a second embodiment of 

the present invention will be described below. Fig. 9 is a partially 

enlarged perspective view of the antireflection film 31 according 

to the second embodiment of the present invention. The 

antireflection film 31 is formed such that, on a smooth surface of 

a transparent film base material 22, a large number of transparent 

optical projections 23 having a refractive index equal to that of 

the film base material 22 are densely formed. On the surface of the 

film base material 22, transparent protective pillars 24 (protrusions 

for preventing tight contact) each having a truncated cone shape and 

a refractive index equal or almost equal to that of the film base 

material 22 are arranged at a predetermined pitch. 

[0046] 

The film base material 22 is made of a transparent resin having 

a large refractive index such as a polycarbonate resin or an acrylate 

resin and shaped in the form of a plate. The film base material 22 

may be a hard resin base material or a thin flexible film base material 

the thickness of which is not limited to a specific value. 

[0047] 

Optical projections 23 are nano-sized fine projections, and 

have shapes such as conical shapes, truncated cone shapes, or 

quadrangular pyramid shape. The shape of the optical projection 23 

may configure a part of an ellipsoid of revolution. 

[0048] 

The protective pillar 24 has a truncated cone shape in which 

the area of a distal-end surface is smaller than the area of a bottom 

surface, and has a height larger than that of the optical projection 

23. The protective pillar 24 has a side surface 24a and a distal-end 

surface 24b. The distal-end surface 24b is parallel with the surface 

of the film base material 22. The protective pillar 24 has a proximal 

end surface having the diameter D of smaller than 60 n m. In 
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particular, the diameter D of the protective pillar 24 is desired 

to be 40 11 m or less in the embodiment. The protective pillars 24 

are arranged on the film base material 22 at intervals K of 100 fx 
m or more, preferably, 200 um or more. 
[0049] 

In the antireflection film 31 according to the second 

embodiment of the present invention, the intervals between the 

protective pillars 24 are larger than those in the conventional 

technique. Fig. 11A is a photograph showing an antireflection film 

14 of the conventional technique. In the antireflection film 14, 

the protective pillars 15 are arranged at intervals of K = 50 p 
m. Figs . 11B and 11C are photographs showing the antireflection film 

31 according to the second embodiment of the present invention. In 

the antireflection films, the protective pillars 24 are arranged at 

intervals of K = 200 ii m and 500 p m, respectively. Both the 

protective pillars 15 and 24 have the diameters D of 100 p or less, 

respectively. In each of Figs. 11A, 11B, and 11C, a region having 

a width almost equal to that of adult's finger is pressed. The pressed 

region is surrounded by a circle R. In the case in Fig. 11A (K = 

50 (im), the pressed region is lightly colored to make it possible 

to discriminate the region from a peripheral region thereof. However, 

in the case in Fig. 11B (K = 200 /am) , the color of the pressed region 
becomes considerably faint and blends in with a peripheral color. 

In the case in Fig. 11C (K = 500 pern) , even the pressed region is 
rarely colored. 

[0050] 

The reason for the phenomenon described above will be described 

below while Figs. 4 and 10 are compared with each other. Fig. 4A 

shows a state in which the antireflection film 14 according to the 

conventional technique is partially pressed, and Fig. 4B shows a 

chromacity {color intensity) at a position along the antireflection 

film 14 in the state. Fig. 10A shows a state in which the 

antireflection film 31 according to the second embodiment of the 

present invention is partially pressed, and Fig. 10B shows a 

chromacity at a position along the antireflection film 31 in the state. 

Since an identification capability (resolving power) of human's naked 
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eye is about 100 fit, when the interval between the protective pillars 

15 as shown in Fig. 4A is smaller than 100 pm, colors on the protective 
pillars 15 cannot be independently recognized, and the entire region 

pressed against the facing member 18 looks planarly colored. At an 

edge portion of the pressed region, as shown in Fig. 4B, since 

chromacities change rapidly within a short distance, the edge of the 

colored region emerges and becomes conspicuous . In contrast to this, 

when the interval between the protective pillars 24 is 100 fin or 

more as shown in Fig. 10A, since the protective pillars 24 can be 

separately recognized, the area of the colored portion looks small 

even though the protective pillars 24 are pressed against the facing 

member 32. At an edge portion of the pressed region, as shown in 

Fig. 10B, since chromacities (color intensities) moderately change, 

the edge of the colored region blurs and becomes hardly conspicuous. 

[0051] 

Thus, theoretically, the intervals K between the protective 

pillars need only be 100 pm or more. However, when high quality is 
desired, with reference to Figs. 11A to 11C, the intervals K at which 

the protective pillars are arranged are desired to be 200 p m or more. 
[0052] 

• Fig. 12A is a photograph showing an antireflection film on 

which protective pillars each having the diameter D of 20^m are 

arranged at intervals of 200 pm. Fig. 12B is a photograph showing 

an antireflection film on which protective pillars each having the 

diameter D of 40 pm are arranged at intervals of 200 p m. Fig. 12C 

is a photograph showing an antireflection film on which protective 

pillars each having the diameter D of 60 pm are arranged at intervals 
of 200 p m. When the diameters of the protective pillars are 

gradually increased, the protective pillars having the diameters D 

of 20 p m or 40 p m are not conspicuous as shown in Figs. 12A and 12B. 
However, when the protective pillars have the diameters D of 60 p 
m, as shown in Fig. 12C, feeling of pimples caused by the protective 

pillars becomes considerably conspicuous. Thus, the diameters D of 

the protective pillars 24 are desired to be smaller than 60 /jm. In 

particular, the protective pillars 24 having the diameters D of 40 

fin or less become hardly conspicuous. 
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[0053] 

As described above, the protective pillars 24 are desirably 

arranged at the intervals K of 100 /ii or more and desirably have 

the diameters D of smaller than 60 (ii. The intervals K between the 

protective pillars 24 are desired to be, in particular, 200 or 

more. The diameters D of the protective pillars 24 are preferably 

minimized as long as the strengths of the protective pillars 24 can 

be kept. In particular, the diameters D are desired to be 40 /urn or 
less. The protective pillars 24 preferably have an area density 

(percentage of a total area of protective pillars included in a 

certain area on a film base material) of almost 1%. 

[0054] 

(Configuration of display device) 

Figs. 13A to 13C show some modes of a display device to which 

an antireflection film 40 (for example, the antireflection film 21 

or the antireflection film 31) according to the present invention 

is stuck. A display device 41 shown in Fig. 13A is obtained by 

superposing a cover panel 43 on the front surface of the image display 

panel 42 such as a liquid crystal display panel (LCD) or an organic 

EL (OLED) through an air gap (space) . The antireflection film 40 

is stuck to each of the rear surface of the cover panel 43 and the 

front surface of the image display panel 42. In a display device 

44 shown in Fig. 13B, the antireflection films 40 are stuck to the 

front surface and the rear surface of the cover panel 43 and the front 

surface of the image display panel 42, respectively. The 

antireflection film 40 is also stuck to the front surface of the cover 

panel 43 as shown in Fig. 13B to increase an antireflection effect. 

However, since the antireflection film 40 on the front surface of 

the cover panel 43 is touched by a user, the antireflection film 40 

may be damaged or contaminated. In a display device 45 shown in Fig. 

13C, the antireflection film 40 is stuck to only one of the rear 

surface of the cover panel 43 and the front surface of the image 

display panel 42 . In the mode as shown in Fig. 13C, an antireflection 

effect is deteriorated. However, since the cost also decreases, the 

mode is useful depending on applications. The image display panel 

42 may be for a monochrome display or a color display. The cover 
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panel 43 is a protective sheet made of a transparent resin and having 

a uniform thickness. 

[0055] 

As described above, when the antireflection film 40 is used 

in combination with the image display panel 42, an alignment pitch 

of the protective pillars 24 on the antireflection film 40 may be 

almost equal to a pixel pitch of the image display panel 42. When 

the alignment pitch of the protective pillars 24 is almost equal to 

the pixel pitch, Moire fringes may occur on the screen of the display 

device. 

[0056] 

When the protective pillars 24 of the antireflection film 40 

and the pixels of the image display panel 42 are aligned at the same 

pitches p and q to cause Moire fringes to occur, as shown in Fig. 

14, the antireflection film 40 is rotated by about 90° with reference 

to the image display panel 42, so that a protective pillar alignment 

direction of the pitch p on the antireflection film 40 is almost 

parallel with a pixel alignment direction of the pitch q on the image 

display panel 42, and a protective pillar alignment direction of the 

pitch q on the antireflection film 40 is almost parallel with a pixel 

alignment direction of the pitch p on the image display panel 42. 

As shown in Fig. 14, the alignment directions of the protective 

pillars 24 need only be used to be slightly inclined with reference 

to the alignment directions of the pixels such that the alignment 

directions of the protective pillars 24 at the different pitches p 

and q are not parallel with the pixel alignment directions. In the 

image display panel 42 in Fig. 14, one set of a red pixel 46r, a green 

pixel 46g, and a blue pixel 46b configures one pixel. 

[0057] 

When the cover panel 43 faces the image display panel 42, unless 

an antireflection film is stuck to the cover panel 43, interference 

fringes (Newton's ring) occur when the cover panel 43 is pressed to 

make a gap between the cover panel 43 and the image display panel 

42 about 60 iim. Fig. 16A shows a state in which the cover panel 43 

is pressed with a finger to generate interference fringes. In 

contrast to this, when the antireflection film 40 is stuck to the 
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inner surface of the cover panel 43 as shown in Fig. 15A, interference 

fringes do not occur unless the gap is about 2 p. m. 
[0058] 

Thus, when the protective pillars 24 each having a height of 

2 u m or more as shown in Fig. 15B, more preferably, the protective 
pillars 24 having a height of about 3 /in are arranged on the 

antireflection film 40, interference fringes can be prevented from 

occurring. Fig. 16B shows a structure in which the antireflection 

film 40 having the protective pillars 24 each having a height of 3 

/i m is stuck to the rear surface of the cover panel 43. Fig. 16B is 

also a photograph obtained when the antireflection film 40 is pressed 

with a finger as in Fig. 16A. In this photograph, interference 

fringes do not occur. Thus, in order to prevent the interference 

fringes, the protective pillars 24 each having a height of 2 ixm or 
more, more preferably, about 3 /.xm are advantageously arranged on 

the antireflection film 40. When the protective pillars 24 are 

arranged, the protective pillars 24 are advantageously arranged at 

a density of 1% or more per unit area. When the density of the 

protective pillars 24 is low, an intermediate area between the 

protective pillar 24 and the protective pillar 24 may be 

disadvantageously brought into tight contact with the image display 

panel 42. 
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MCSLLP 
Claims 

1. Information display device comprising: an 
information display module, a cover panel or touch 

5 panel module, and an antireflection film, 
characterized in that the antireflection film 

comprises a film substrate, an antireflection structure 
comprising a plurality of fine optical protrusions 
formed on a surface of the film substrate, and a 

10 plurality of projections which have a greater height 
than the optical protrusions and are formed on the 
surface of the film substrate; 

the projections have the shape of a circular 
truncated cone whereof the tip-end surface has a 

15 smaller surface area than the surface area of a bottom 
surface, and the diameter of the bottom surface is less 
than 60 pm while said projections are disposed at 
intervals of 200 pm or greater; and 

the antireflection film is disposed between the 
2 0 information display module and the cover panel or touch 

panel module, and the surface on the opposite side to 
the surface where the projections are provided is 
affixed to the cover panel or the touch panel module 
with the tip-end surface of the projections facing the 

2 5 information display module with a gap therebetween. 

2. Information display device according to claim 
1, characterized in that the diameter of the bottom 
surface of the projections is 40 pm or less. 

30 
3. Information display device according to Claim 1 

or 2, characterized in that the height of the 
projections is 2 pi or greater. 

35 4. Information display device according to Claim 
1, characterized in that when the antireflection film 
which is used lies over a liquid-crystal panel 
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MCSILP 

constituting the information display module, the 
arrangement direction of the projections used is 
inclined with respect to the arrangement direction of 
pixels in the liquid-crystal panel. 
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