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1 Oa 

A reflecting screen 10 comprises a base portion 11, light 
transmitting portions 12 provided on the base portion 11, and 
light absorbing portions 14. Each of the light transmitting 
portions 12 comprises a unit prism shape 12 which has a 
generally wedge-like shape with a larger width on the image 
Source side than its width on the rear face side and is arranged 
along a screen face 10a. A reflecting layer 13 adapted to 
reflect the image light, which has been transmitted through 
the unit prism shapes 12, is provided on the rear face side of 
each unit prism shape 12. Each unit prism shape 12 extends 
linearly, and each light absorbing portion 14 is arranged 
between each adjacent pair of the unit prism shapes 12. 
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REFLECTING SCREEN, METHOD OF 
MANUFACTURING THE SAME, AND 

REFLECTION-TYPE PROJECTION SYSTEM 

0001. This is a Divisional of U.S. patent application Ser. 
No. 1 1/596,859, which is a National Phase of Application No. 
PCT/JP2006/301725 filed Feb. 2, 2006, which is hereby 
incorporated by reference in its entirety. This application 
claims priority to Japanese Patent Application Nos. 2005 
26354 filed Feb. 2, 2005, 2005-848008 filed Mar. 23, 2005 
and 2005-107786 filed Apr. 4, 2005, which are hereby incor 
porated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a reflecting screen 
for observing image light (light of an image) coming from the 
front by reflecting the light using a reflecting Surface, a 
method of manufacturing the reflecting screen, and a reflec 
tion-type projection system. 
0004 2. Background Art 
0005. In the past, as a reflecting screen of the type as 
mentioned above, one having a light transmitting diffusion 
layer provided on the front face side of a clear sheet and a 
linear Fresnel lens face for reflecting light provided on the 
rear face side has been known (for example, Patent Document 
1). Also, Patent Document 2 discloses a construction of a 
reflecting screen which controls lowering of a contrast due to 
natural light and enables to obtain an appropriate viewing 
angle. Additionally, Patent Document 3 describes a reflecting 
screen which is composed of a combination of a lenticular 
lens and a linear Fresnel lens arranged orthogonally to the 
lenticular lens in the rear face provided with a reflecting 
portion. 
0006. However, there is a need for obtaining higher con 

trast images, and a need for obtaining images with possibly 
high brightness even in the case of a low amount of light of the 
light Source on the projection side. Even though it is possible 
to obtain images with high brightness, elimination of unnec 
essary Surface strong shining is always needed. 
0007 Moreover, in the conventional reflecting screens as 
mentioned above, the manufacturing steps are complex, 
resulting in increase of the manufacturing cost. 
0008. In addition, Patent Document 4 discloses a reflect 
ing screen for observing light projected obliquely from the 
front by reflecting the light, in which reflecting faces and light 
absorbing faces are formed in a screen face with a sawtoothed 
cross section Such that faces at which image light arrives and 
faces at which natural light arrives are formed separately. 
0009. However, in the case of the reflecting screen 
described in the Patent Document 4, it is necessary to manu 
facture the screen with the reflecting faces and the light 
absorbing faces being distinctly separated in the screen face 
along with a sawtoothed cross section. However, it is difficult 
to form a reflecting face as one side of each tooth portion 
separately from a light absorbing face as the other side of the 
tooth portion, thus raising the unit price of manufacture. 
Documents cited: 

Patent Document 1: TOKUKAIHEI No. 8-29875, KOHO 

Patent Document 2: TOKUKAIHEI No. 10-62870, KOHO 
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Patent Document 3: TOKUKAI No. 2002-31 1507, KOHO 
Patent Document 4: TOKUKAIHEI No. 2-262134, KOHO 

SUMMARY OF THE INVENTION 

0010. It is an object to provide a reflecting screen which 
can produce an image with a high contrast and high brightness 
but free of strong shining as well as can be manufactured 
easily, a method of manufacturing the reflecting screen, and a 
reflection-type projection system. 
0011. The present invention is a reflecting screen adapted 
to reflect image light projected from an image source and 
including a screen face, comprising: light transmitting por 
tions which can transmit light; and light absorbing portions 
adapted to absorb light; wherein the light transmitting por 
tions and the light absorbing portions are formed to alter 
nately extend along the screen face; and wherein a reflecting 
layer adapted to reflect the image light, which has been trans 
mitted through the light transmitting portions, is provided at 
least on the rear face side of each light transmitting portion. 
0012. The present invention is the reflecting screen, 
wherein each of the light transmitting portions comprises a 
unit prism shaped portion which in a cross section orthogonal 
to the screen face has a generally wedge-like shape with a 
larger width on the image source side than its width on the rear 
face side and is arranged along the screen face. 
0013 The present invention is the reflecting screen, 
wherein the refractive index of the light absorbing portions is 
lower than the refractive index of the light transmitting por 
tions. 
0014. The present invention is the reflecting screen, 
wherein each of the light absorbing portions comprises 
micro-beads adapted to absorb light. 
0015 The present invention is the reflecting screen, 
wherein the light absorbing portions are formed by kneading 
the micro-beads with a resin having a refractive index lower 
than the refractive index of the light transmitting portions. 
0016. The present invention is the reflecting screen, 
wherein the reflecting layer is formed only on an apex portion 
of each wedge-like shape of the unit prism shaped portions. 
0017. The present invention is the reflecting screen, 
wherein each of the unit prism shaped portions has a first 
prism face and a second prism face, which are unsymmetrical 
to each other. 
0018. The present invention is the reflecting screen, 
wherein the first prism face is formed of a single face, and 
wherein the second prism face is formed of two types of faces. 
0019. The present invention is the reflecting screen, 
wherein the first prism face is formed of a single plane, 
wherein the second prism face is formed of two types of 
planes comprising a first plane formed near to the rear face, 
and a second plane formed nearer to the image source than the 
first plane; wherein the first plane of the second prism face is 
formed of a plane symmetrical to the first prism face; and 
wherein the angle defined by the second plane of the second 
prism face and the normal line to the screen face is larger than 
the angle defined by the first plane of the second prism face 
and the normal line to the screen face. 
0020. The present invention is the reflecting screen, 
wherein at least one of anti-glaring, antireflection finish, anti 
static treatment, hard-coating, and antifouling is applied to 
the Surface on the side of the image source. 
0021. The present invention is the reflecting screen, 
wherein an anti-regular-reflection layer adapted to reduce the 
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amount of light components of regular reflection is formed on 
the Surface on the side of the image source. 
0022. The present invention is the reflecting screen, 
wherein the haze value due to the anti-regular-reflection layer 
is in the range of 25% to 90%. 
0023 The present invention is the reflecting screen, 
wherein micro-concavo-convex shapes are formed on the 
Surface of the anti-regular-reflection layer Such that light 
components of regular reflection can be reduced by the micro 
concavo-convex shapes. 
0024. The present invention is the reflecting screen, 
wherein the anti-regular-reflection layer comprises a plurality 
of micro-beads and a binder for fixing the micro-beads 
thereto; and wherein the micro-beads project from the binder 
toward the image source So as to form the micro-concavo 
convex shapes. 
0025. The present invention is the reflecting screen, 
wherein substantially no flat faces parallel to the screen face 
are formed in the micro-concavo-convex shapes. 
0026. The present invention is the reflecting screen, 
wherein the anti-regular-reflection layer comprises a lens 
array composed of micro-unit lens shapes arranged in a one 
dimensional or two-dimensional orientation Such that light 
components of regular reflection can be reduced by the lens 
array. 
0027. The present invention is the reflecting screen, 
wherein the lens array is a lenticular lens array formed by 
arranging unit lens shapes in a one-dimensional orientation; 
and wherein the direction along which the unit lens shapes 
extend is Substantially orthogonal to the direction along 
which the light transmitting portions and the light absorbing 
portions extend. 
0028. The present invention is the reflecting screen, 
wherein the lens array is a micro-lens array formed by arrang 
ing unit lens shapes, with a longitudinal direction, in a two 
dimensional orientation; and wherein the longitudinal direc 
tion to be defined when the unit lens shapes are observed 
along the normal direction to the screen is Substantially 
orthogonal to the direction along which the light transmitting 
portions and the light absorbing portions extend. 
0029. The present invention is the reflecting screen, 
wherein at least one of antistatic treatment, hard-coating, and 
antifouling is applied to the Surface on the image source side 
of the anti-regular-reflection layer along the Surface shape of 
the anti-regular-reflection layer so as to provide an antistatic, 
hard-coating, or antifouling function while keeping the func 
tion of reducing light components of regular reflection of the 
anti-regular-reflection layer. 
0030 The present invention is the reflecting screen, 
wherein the reflecting layer has a reflectance of 40% or 
higher. 
0031. The present invention is the reflecting screen, 
wherein the reflecting layer has a diffuse reflectance Rd in the 
range of 10% to 70%. 
0032. The present invention is the reflecting screen, 
wherein the diffuse reflectance Rd of the reflecting layer is 
adjusted in the predetermined range by applying a Surface 
diffusion treatment to the surface thereof. 

0033. The present invention is the reflecting screen, 
wherein the reflecting layer has strength of diffusion effect 
which varies with the direction. 

0034. The present invention is the reflecting screen, 
wherein the reflecting layer has strength of diffusion effect 
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which is greater in the horizontal direction in the state of using 
the screen than in the vertical direction in that state. 
0035. The present invention is the reflecting screen, 
wherein the reflecting layer is composed of a combination of 
a plurality of regions having different values of diffuse reflec 
tance Rd. 
0036. The present invention is the reflecting screen, 
wherein a deforming diffusion layer is adapted to strongly 
diffuse only the light transmitted in a certain direction. 
0037. The present invention is the reflecting screen, 
wherein the direction of the transmitted light that the deform 
ing diffusion layer strongly diffuses is coincident with the 
direction along which the light transmitting portions and the 
light absorbing portions extend. 
0038. The present invention is the reflecting screen, 
wherein the reflecting layer is formed of a reflecting film or 
reflecting plate with a high reflectance; and wherein the 
reflecting film or reflecting plate is laminated on the light 
transmitting portions and the light absorbing portions using 
an adhesive or cohesive layer. 
0039. The present invention is the reflecting screen, 
wherein a gap between the reflecting film or reflecting plate 
and the light transmitting portions and light absorbing por 
tions is /2 or less of the width on the reflecting layer side of 
each light transmitting portion. 
0040. The present invention is the reflecting screen, 
wherein a light diffusion material is incorporated in the adhe 
sive or cohesive layer. 
0041. The present invention is the reflecting screen, 
wherein the reflecting screen can be hoisted when it is not 
used. 
0042. The present invention is the reflecting screen, 
whereina combined body comprising a plurality of additional 
unit prism shaped portions extending along the direction 
orthogonal to the direction along which the unit prism shaped 
portions extend and additional light absorbing portions each 
arranged between each adjacent pair of the additional unit 
prism shaped portions is laminated on the combined body 
comprising the plurality of unit prism shaped portions and the 
light absorbing portions each arranged between each adjacent 
pair of the unit prism shaped portions. 
0043. The present invention is the reflecting screen, 
wherein each of the light transmitting portions is formed from 
an ultraviolet curing resin, electron-beam curing resin or 
radiation curing resin, and the lowering start point of storage 
elasticity (Tg) in the range of dynamic viscoelasticity of these 
curing resins is in the range of -60° C. to 25°C. or 60° C. to 
150° C. and the storage elasticity in the range of rubber-like 
elasticity above the glass transition point of these resins is 
greater than 107 Pa. 
0044) The present invention is the reflecting screen, 
wherein the ultraviolet curing resin, electron-beam curing 
resin or radiation curing resin, comprises at least one type of 
urethane acrylates as an oligomer component. 
0045. The present invention is the reflecting screen, 
wherein the light transmitting portions are Supported by a 
base portion, the base portion being formed of PET or PC, and 
having a thickness of 10 to 188 um. 
0046. The present invention is the reflecting screen, 
wherein the thickness of the combined body of the light 
transmitting portions and the light absorbing portions is in the 
range of 20 to 200 Lum. 
0047. The present invention is the reflecting screen, 
wherein the reflecting film or reflecting plate includes a white 
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color film composed of a synthetic resin film selected from 
the group consisting of PET, modified PET, PEN, PC, 
PMMA, PE, copolymerized modified PE, PP, and PVC and 
having a total light reflectance of 30% or higher and a total 
light transmittance of 50% or lower, and a reflection conceal 
ing layer provided on the rear face of the white color film by 
Al deposition or a silver coating material. 
0048. The present invention is the reflecting screen, 
wherein the surface of the white color film is provided using 
an ultraviolet curing resin or electron-beam curing resin, or 
matted by sandblasting. 
0049. The present invention is the reflecting screen, 
wherein the reflection concealing layer is formed by coating 
a silver coating material exhibiting a surface resistance of 
10' G2 or less 
0050. The present invention is the reflecting screen, 
wherein the adhesive agent or cohesive agent has a light 
transmittance of 70% or higher. 
0051. The present invention is the reflecting screen, 
wherein the adhesive layer or cohesive layer contains diffus 
ing beads having an average particle diameter of 1 to 20 Lum. 
0052. The present invention is a method of manufacturing 
a reflecting screen adapted to reflect image light projected 
from an image source and including a screen face; the reflect 
ing screen including light transmitting portions which can 
transmit light, and light absorbing portions adapted to absorb 
light, wherein the light transmitting portions and the light 
absorbing portions are formed to alternately extend along the 
screen face, and wherein a reflecting layer adapted to reflect 
the image light, which has been transmitted through the light 
transmitting portions, is provided at least on the rear face side 
of each light transmitting portion, and each light transmitting 
portion comprises a unit prism shaped portion which in a 
cross section orthogonal to the screen face has a generally 
wedge-like shape with a larger width on the image source side 
than its width on the rear face side and is arranged along the 
screen face; and the method comprising the steps of shaping 
the unit prism shaped portions with a resin; forming the 
reflecting layer at portions each corresponding to each apex 
portion of the generally wedge-like shapes of the formed unit 
prism shaped portions; and forming the light absorbing por 
tions after forming the reflecting layer. 
0053. The present invention is a method of manufacturing 
a reflecting screen adapted to reflect image light projected 
from an image source and including a screen face; the reflect 
ing screen including light transmitting portions which can 
transmit light, and light absorbing portions adapted to absorb 
light, wherein the light transmitting portions and the light 
absorbing portions are formed to alternately extend along the 
screen face, and wherein a reflecting layer adapted to reflect 
the image light, which has been transmitted through the light 
transmitting portions, is provided at least on the rear face side 
of each light transmitting portion, and each light transmitting 
portion comprises a unit prism shaped portion which in a 
cross section orthogonal to the screen face has a generally 
wedge-like shape with a larger width on the image source side 
than its width on the rear face side and is arranged along the 
screen face; and the method comprising the steps of shaping 
the unit prism shaped portions with a resin; forming the light 
absorbing portions between each adjacent pair of the formed 
unit prism shaped portions; and forming the reflecting layer 
after forming the light absorbing portions. 
0054 The present invention is the method, wherein the 
step of forming the light absorbing portions comprises filling 
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a material for forming the light absorbing portions between 
each adjacent pair of the unit prism shaped portions by wip 
1ng. 
0055. The present invention is a reflection-type projection 
system comprising: an image source adapted to project image 
light; and a reflecting screen adapted to reflect the image light 
and including a screen Surface; wherein the reflecting screen 
includes light transmitting portions which can transmit light 
and light absorbing portions adapted to absorb light, and the 
light transmitting portions and the light absorbing portions 
are formed to alternately extend along the screen face; 
wherein a reflecting layer adapted to reflect the image light, 
which has been transmitted through the light transmitting 
portions, is provided on the rear face side of each light trans 
mitting portion; and wherein the image light is substantially 
linearly polarized light, and the polarization direction of the 
image light is Substantially coincident with the direction 
along which the light transmitting portions and the light 
absorbing portions extend. 
0056. The present invention is the reflection-type projec 
tion system, wherein each of the light transmitting portions 
comprises a unit prism shaped portion which in a cross sec 
tion orthogonal to the screen face has a generally wedge-like 
shape with a larger width on the image source side than its 
width on the rear face side and is arranged along the Screen 
face orthogonally to the polarization direction of the image 
light. 
0057 The present invention is the reflection-type projec 
tion system, wherein the reflecting screen further includes a 
polarizing layer which is provided nearer to the image source 
than the light transmitting portions and is adapted to adjust a 
state of polarization of light passing through the polarizing 
layer to linearly polarized light of a predetermined polariza 
tion direction; and wherein the predetermined polarization 
direction to be adjusted by the polarizing layeris Substantially 
coincident with the polarization direction of the image light. 
0058. The present invention is the reflection-type projec 
tion system, wherein the reflecting layer is formed of a polar 
ized-light reflecting material for selectively reflecting only 
the light which was polarized in a certain direction; and 
wherein the polarization direction to be reflected selectively 
by the polarized-light reflecting materialis Substantially coin 
cident with the polarization direction of the image light. 
0059. The present invention is the reflection-type projec 
tion system, further comprising: an illumination light Source 
for illuminating at least a space in which the reflecting screen 
is provided; wherein the illumination light of the illumination 
light source is substantially linearly polarized light; and 
wherein the polarization direction of the illumination light is 
substantially orthogonal to the polarization direction of the 
image light. 
0060. The present invention is a reflecting screen adapted 
to reflect image light projected from an image source and 
including a screen face, comprising: light transmitting por 
tions which can transmit light, and light absorbing portions 
adapted to absorb light; wherein the light transmitting por 
tions and the light absorbing portions are formed to alter 
nately extend along the screen face, and a reflecting layer 
adapted to reflect the image light, which has been transmitted 
through the light transmitting portions, is provided at least on 
the rear face side of each light transmitting portion; wherein 
the reflecting screen further comprises a polarizing layer 
which is provided nearer to the image source than the light 
transmitting portions and is adapted to adjust a state of polar 
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ization of light passing through the polarizing layer to linearly 
polarized light in a predetermined polarization direction; and 
wherein the predetermined polarization direction to be 
adjusted by the polarizing layer is Substantially coincident 
with the direction along which the light transmitting portions 
and the light absorbing portions extend. 
0061 The present invention is a reflecting screen adapted 
to reflect image light projected from an image source and 
including a screen face, comprising: light transmitting por 
tions which can transmit light, and light absorbing portions 
adapted to absorb light; wherein the light transmitting por 
tions and the light absorbing portions are formed to alter 
nately extend along the screen face, and a reflecting layer 
adapted to reflect the image light, which has been transmitted 
through the light transmitting portions, is provided at least on 
the rear face side of each light transmitting portion; wherein 
the reflecting layer is formed of a polarized-light reflecting 
material for selectively reflecting only the light which was 
polarized in a certain direction; and wherein the polarization 
direction to be reflected selectively by the polarized-light 
reflecting material is substantially coincident with the direc 
tion along which the light transmitting portions and the light 
absorbing portions extend. 
0062. The present invention is the reflecting screen, 
wherein each of the light transmitting portions comprises a 
unit prism shaped portion which in a cross section orthogonal 
to the screen face has a generally wedge-like shape with a 
larger width on the image source side than its width on the rear 
face side and is arranged in large numbers along the screen 
face orthogonally to the polarization direction of the image 
light. 
0063. According to the present invention, the following 
effects can be obtained: 
0064 (1) Since the reflecting screen comprises the light 
transmitting portions which can transmit light, and light 
absorbing portions adapted to absorb light, wherein the light 
transmitting portions and the light absorbing portions are 
formed to alternately extend along the screen face, and 
wherein a reflecting layer adapted to reflect the image light, 
which has been transmitted through the light transmitting 
portions, is provided to the screen, unnecessary natural light 
can be absorbed as well as high contrast images can be dis 
played. 
0065 (2) Since the reflecting screen comprises unit prism 
shapes formed by arranging them in large numbers along the 
screen face, and the reflecting layer formed on the rear face 
side and adapted to reflect image light passing through the 
unit prism shapes, the image light can be reflected with good 
efficiency in the direction required to observe. 
0066 (3) Since the refractive index of the light absorbing 
portions is lower than the refractive index of the material for 
forming the light transmitting portions, total reflection of 
image light can be made at each interface between the unit 
prism shapes and the light absorbing portions, thus minimiz 
ing loss of reflection and enabling to present bright images. 
0067 (4) Since each of the light absorbing portions com 
prises micro-beads adapted to absorb light, an adequate effect 
of absorbing natural light can be obtained with ease and 
securely. 
0068 (5) Since the light absorbing portions are formed by 
kneading the micro-beads with a resin having a refractive 
index lower than the refractive index of the material for form 
ing the light transmitting portions, the micro-beads can be 
fixed without forming a rear face protecting layer. 

Feb. 3, 2011 

0069 (6) The reflecting layer is formed only at portions 
each corresponding to each apex portion of the wedge-like 
shapes of the light transmitting portions or unit prism shapes, 
thus facilitating the production. 
0070 (7) Since each of the unit prism shapes has a first 
prism face and a second prism face, which are unsymmetrical 
to each other in the arranged direction, any optimal shape can 
be selected depending on the direction of the image light or 
natural light to be expected. Accordingly, the image light can 
be reflected with good efficiency while the natural light can be 
absorbed with high efficiency. 
0071 (8) Since the first prism face is formed of a single 
face while the second prism face is formed of two types of 
faces, a shape which is advantageous for reflecting the image 
light with good efficiency and absorbing the natural light with 
high efficiency can be obtained. 
0072 (9) Since the first prism face is formed of a single 
plane while the second prism face is formed of two types of 
planes comprising a first plane and second plane wherein the 
first plane is formed of a plane symmetrical to the first prism 
face and wherein the angle defined by the second plane and 
the normal line to the screen face is larger than the angle 
defined by the first plane and the normal line to the screen 
face, the incident angle of natural light relative to the second 
plane can be lessened, thus causing more natural light to be 
absorbed. Since the light receiving area facing downward can 
be widened, the image light can be taken more securely into 
the unit prism shapes. 
0073 (10) Since at least one of anti-glaring, antireflection 
finish, antistatic treatment, hard-coating, and antifouling is 
applied to the Surface on the side of the image source, a higher 
quality reflecting screen can be obtained by selecting a proper 
treatment depending on the environment of use. 
0074 (11) Since an anti-regular-reflection layer adapted 
to reduce the amount of light components of regular reflection 
is formed on the Surface on the side of the image source, 
shining caused by the image source or illumination light can 
be prevented, thus enabling to display more bright and clear 
images. 
0075 (12) Since the haze value due to the anti-regular 
reflection layer is in the range of 25% to 90%, the shining can 
be prevented effectively without experiencing whitish 
appearance. 
0076 (13) Since micro-concavo-convex shapes are 
formed on the surface of the anti-regular-reflection layer such 
that light components of regular reflection can be reduced by 
the micro-concavo-convex shapes, the production becomes 
easy, and the shining can be prevented securely. 
0077 (14) Since the anti-regular-reflection layer com 
prises a plurality of micro-beads and a binder for fixing the 
micro-beads thereto such that the portions where the micro 
beads are fixed to the binder are project toward the image 
source more than the portions where only the binder is 
exposed without micro-beads fixed thereto so as to form the 
micro-concavo-convex shapes, the anti-regular-reflection 
effect and the diffusion effect can be established optionally by 
changing the proportion of mixing the micro-beads. 
0078 (15) Since substantially no flat faces parallel to the 
screen face are formed in the micro-concavo-convex shapes, 
the shining caused by the image source can be prevented 
securely. 
0079 (16) Since the anti-regular-reflection layer com 
prises a lens array composed of micro-unit lens shapes 
arranged in a one-dimensional or two-dimensional orienta 
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tion Such that light components of regular reflection can be 
reduced by the lens array, the shining caused by the image 
source can be prevented while optionally establishing the 
visual field. 

0080 (17) Since the lens array is a lenticular lens array 
formed by arranging unit lens shapes in a one-dimensional 
orientation, and the direction along which the unit lens shapes 
extend with the same cross section is Substantially orthogonal 
to the direction along which the light transmitting portions 
and the light absorbing portions extend with the same cross 
section, the lens array can control the visual field in the 
direction orthogonal to the direction in which the light trans 
mitting portions can control the visual field. 
0081 (18) Since the lens array is a micro-lens array 
formed by arranging unit lens shapes in a two-dimensional 
orientation, and the longitudinal direction to be defined when 
the unit lens shapes are observed along the normal direction to 
the screen is substantially orthogonal to the direction along 
which the light transmitting portions and the light absorbing 
portions extend with the same cross section, the lens array can 
control the visual field in the direction orthogonal to the 
direction in which the light transmitting portions can control 
the visual field. 

0082 (19) Since at least one of antistatic treatment, hard 
coating, and antifouling is applied to the Surface on the image 
Source side of the anti-regular-reflection layer along the Sur 
face shape of the anti-regular-reflection layer so as to provide 
an antistatic, hard-coating, or antifouling function while 
keeping the function of reducing light components of regular 
reflection of the anti-regular-reflection layer, a reflecting 
screen with higher quality can be obtained while preventing 
the shining caused by the image source by selecting a proper 
treatment depending on the environment of use. 
0083 (20) Since the reflecting layer has a reflectance of 
40% or higher, it can display images with significantly high 
brightness. 
0084 (21) Since the reflecting layer has a diffuse reflec 
tance Rd in the range of 10% to 70%, it can perform reflection 
with high reflecting efficiency and good balance without 
making the visual field extremely narrow. 
I0085 (22) Since the diffuse reflectance Rd of the reflect 
ing layer is adjusted in the predetermined range by applying 
a surface diffusion treatment to the surface thereof, the degree 
of diffusion of reflected light can be set as desired. 
I0086 (23) Since the reflecting layer has strength of diffu 
sion effect which varies with the direction, it can widen the 
visual field while controlling the reflection that would go to 
the light absorbing portions to a minimum. 
0087 (24) Since the reflecting layer has strength of diffu 
sion effect which is greater in the horizontal direction in the 
state of using the screen than in the vertical direction in that 
state, it can widen the visual field in the horizontal direction 
that is required to secure provision of a wider visual field. 
0088 (25) Since the reflecting layer is composed of a 
combination of a plurality of regions having different values 
of diffuse reflectance Rd, the brightness can be set and con 
trolled as needed in the balance of the front peak brightness 
which becomes higher as the diffuse reflectance Rd becomes 
lower and the brightness distribution which tends to be dis 
tributed at a wider observing angle as the diffuse reflectance 
Rd becomes higher. 
0089 (26) Since a deforming diffusion layer is adapted to 
strongly diffuse only the light transmitted in a certain direc 
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tion, high directivity which becomes strong in the diffusion 
direction of light can be obtained easily and securely. 
(0090 (27) Since the direction of the transmitted light that 
the deforming diffusion layer strongly diffuses is coincident 
with the direction along which the light transmitting portions 
and the light absorbing portions extend with the same cross 
section, even if the deforming diffusion layer is disposed 
between the reflecting layer and the light transmitting por 
tions and light absorbing portions, the visual field can be 
widened with high efficiency without the reflected light being 
absorbed in the light absorbing portions after being strongly 
diffused by the deforming diffusion layer. 
0091 (28) Since the reflecting film or reflecting plate is 
laminated on the light transmitting portions and the light 
absorbing portions using an adhesive or cohesive layer, the 
formation of the reflecting layer can be performed more eas 
ily. In addition, the properties of the reflecting layer can be 
adjusted freely. 
0092 (29) Since a gap between the reflecting film or 
reflecting plate and the light transmitting portions and light 
absorbing portions is /2 or less of the width on the reflecting 
layer side of each light transmitting portion, the incidence of 
reflected light, which is to be reflected again to the light 
transmitting portions after being reflected by the reflecting 
layer, on the light absorbing portions can be prevented, thus 
also preventing lowering of the reflecting efficiency as a 
SCC. 

0093 (30) Since a light diffusion material is incorporated 
in the adhesive or cohesive layer, the visual field can be 
widened with ease. 
0094 (31) Since the reflecting screen can be hoisted when 

it is not used, the screen is less susceptible to the effect of 
natural light and also it can be a reflecting screen which is able 
to be used in more various situations. 
0.095 (32) Since the second unit prism shapes arranged in 
the direction orthogonal to the direction along which the unit 
prism shapes are arranged are formed nearer to the image 
Source than the unit prism shapes, natural light coming in 
various directions can be removed effectively. 
0096 (33) Since the method comprises the steps of shap 
ing the unit prism shapes; forming the reflecting layer only at 
portions each corresponding to each apex portion of the gen 
erally wedge-like shapes of the formed unit prism shapes, and 
forming the light absorbing portions after forming the reflect 
ing layer, the formation of the light absorbing portions 
requires only to form the light absorbing portions on the 
whole surface of the rear face, thus facilitating the production 
of the reflecting screen. 
0097 (34) Since the method comprises the steps of shap 
ing the unit prism shapes; forming the light absorbing por 
tions between each adjacent pair of the formed unit prism 
shapes; and forming the reflecting layer after forming the 
light absorbing portions, the formation of the reflecting layer 
requires only to form the reflecting layer on the whole surface 
of the rear face, thus facilitating the production of the reflect 
ing screen. 
0.098 (35) Since the step of forming the light absorbing 
portions comprises filling a material for forming the light 
absorbing portions between each adjacent pair of the unit 
prism shapes by wiping, the filling can be carried out securely. 
According to the present invention, the following effects can 
be further obtained: 
0099 (36) Since the image light is substantially linearly 
polarized light, and the polarization direction of the image 
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light is substantially coincident with the direction along 
which the light transmitting portions and the light absorbing 
portions extend while keeping the same cross section, the 
image light can be reflected with higher efficiency. This is 
because a difference of the refractive index is provided 
between the light transmitting portions and the light absorb 
ing portions, thus the reflectance varies with the polarization 
direction of light to be incident on the interface. The polar 
ization direction of the image light becomes S-type polariza 
tion relative to the interface, thus being of high reflectance. 
Therefore, the proportion of incidence and loss of the image 
light on the light absorbing portions can be reduced to a 
minimum. 
0100 (37) Since each of the light transmitting portions has 
a generally wedge-like shape with a larger width on the image 
Source side than its width on the rear face side and is arranged 
in large numbers along the screen face in the direction 
orthogonal to the polarization direction of the image light, 
unnecessary natural light can be absorbed and high contrast 
images can be displayed. 
0101 (38) Since the predetermined polarization direction 
to be adjusted by the polarizing layer is Substantially coinci 
dent with the polarization direction of the image light, it can 
be prevented that natural light having polarization directions 
not coincident with the polarization direction of the image 
light reaches the reflecting layer, thus high contrast images 
can be displayed. 
0102 (39) The polarization direction to be reflected selec 
tively by the polarized-light reflecting material is substan 
tially coincident with the polarization direction of the image 
light. High contrast images can be obtained without reflecting 
natural light not coincident with the polarization direction of 
the image light. 
0103 (40) Since the polarization direction of the illumi 
nation light is substantially vertical to the polarization direc 
tion of the image light, it becomes possible to clearly dis 
criminate the image light and the illumination light, reflect 
only the illumination light, and make the image light observ 
able, thus even in a bright room with an interior lighting being 
Switched on, high contrast images can be displayed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0104 FIG. 1 is a cross section showing a reflecting screen 
of an Example 1-1 of a first embodiment of the present inven 
tion. 
0105 FIG. 2 is a cross section showing a reflecting screen 
of an Example 1-2 of the first embodiment of the present 
invention. 
0106 FIG.3 is a diagram showing a specific shape of each 
unit prism shape of the first embodiment of the present inven 
tion. 
0107 FIG. 4 is a diagram showing a case in which image 
light is projected from below at an incident angle of 30 
degrees relative to the reflecting screen of the Example 1-2 of 
the first embodiment of the present invention. 
0108 FIG. 5 is a diagram showing a case in which image 
light is projected from below at an incident angle of 10 
degrees relative to the reflecting screen of the Example 1-2 of 
the first embodiment of the present invention. 
0109 FIG. 6 is a diagram showing a case in which natural 
light arrives from above at an incident angle of 30 degrees 
relative to the reflecting screen of the Example 1-2 of the first 
embodiment of the present invention. 
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0110 FIG. 7 is a graph representing evaluation results of 
angular dependency of reflectance of the reflecting screen of 
the Example 1-2 of the first embodiment of the present inven 
tion. 
0111 FIG. 8 is a perspective view showing a reflecting 
screen of an embodiment 1-3 of the first embodiment of the 
present invention, which is seen from above on the side of the 
image source. 
0112 FIG. 9 is a cross section showing the reflecting 
screen of the Example 1-3 of the first embodiment of the 
present invention. 
0113 FIG. 10 is a diagram illustrating a difference in the 
effect of preventing strong shining caused by an image 
Source, due to a difference between Surface shapes of anti 
regular-reflection layers of the first embodiment. 
0114 FIG. 11 is a perspective view showing a reflecting 
screen of an Example 1-4 of the first embodiment of the 
present invention, which is seen from above on the side of the 
image source. 
0115 FIG. 12 is a cross section showing the reflecting 
screen of the Example 1-4 of the first embodiment of the 
present invention. 
0116 FIG. 13 is a perspective view showing a state prior to 
forming a reflecting layer on a reflecting screen of an 
Example 1-5 of the first embodiment of the present invention, 
which is seen from above on the side of the rear face. 
0117 FIG. 14 is a cross section showing the reflecting 
screen of the Example 1-5 of the first embodiment of the 
present invention. 
0118 FIG. 15 is a perspective view showing a reflecting 
screen of an Example 1-6 of the first embodiment of the 
present invention, which is seen from above on the side of the 
image source. 
0119 FIG. 16 is a cross section showing the reflecting 
screen of the Example 1-6 of the first embodiment of the 
present invention. 
I0120 FIG. 17 is a diagram showing a reflecting screen of 
an Example 1-7 of the first embodiment of the present inven 
tion. 
I0121 FIG. 18 is a cross section of a reflection-type pro 
jection system of a second embodiment of the present inven 
tion. 
0.122 FIG. 19 is a perspective view showing the reflec 
tion-type projection system of the second embodiment of the 
present invention. 
I0123 FIG. 20 is a graph showing changes of reflectance 
due to a difference in the polarization directions of the second 
embodiment of the present invention, which are plotted per 
certain incident angle relative to the reflecting face. 
0.124 FIG. 21 is a diagram showing a reflecting screen of 
a fourth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

EXAMPLES 

First Embodiment 

0.125. An object to obtain a reflecting screen and a reflec 
tion-type projection system which enable to obtain images 
with high contrast and high brightness but free of strong 
shining was realized in a readily manufactured form by 
arranging unit prism shapes in large numbers and providing 
light absorbing portions between each adjacent pair of the 
unit prism shapes. 
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0126 Example 1-1 
0127 FIG. 1 is a cross section illustrating a reflecting 
screen 10 of an Example 1-1. For the purpose of explanation, 
each of the drawings including FIG. 1 is emphasized appro 
priately in sizes, shapes or the like of each portion. In particu 
lar, FIG. 1 depicts Schematically an interior lighting G, an 
image source L, and a reflecting screen 10 collectively, in 
which the respective positional relations are different from 
actual ones, and other expressions, for example, incident 
angles of light and like, which differ from actual sizes or 
dimensions, will be included in the description given below. 
0128. The reflecting screen 10 of this example is a screen 
which has been developed such that a projector optical engine 
portion (image source) L for projecting image light is 
installed lower than the center of the screen 10 so as to take a 
position from which the image light is projected obliquely 
and upwardly, and most of ambient light is incident on the 
screen from above. In Such a construction, the image light 
coming from below is reflected to an observer with high 
efficiency, and unnecessary light coming from above is 
absorbed selectively by light absorbing portions described 
below, thereby providing a reflecting screen for use in an 
extremely high contrast front projector. 
0129. In FIG.1, a vertical cross section is shown, in which 
the screen is in a state of use. 
0130. As shown in FIG. 1, the reflecting screen 10, which 
reflects image light L1, L2 projected from the image source L. 
has a screen face 10a, and includes a base portion 11, light 
transmitting portions 12 provided on the base portion 11 and 
adapted to transmit light, and light absorbing portions 14 
adapted to absorb light. Each of the light transmitting portions 
12 comprises a unit prism-shaped portion (or simply referred 
to as a unit prism shape) 12 which in a cross section orthogo 
nal to the screen face 10a has a generally wedge-like shape 
with a larger width on the side of the image source L than its 
width on the rear face side and is arranged in large numbers 
along the screen face 10a. 
0131 Each unit prism shaped portion 12 extends linearly 
along the screen face 10a, and each light absorbing portion 14 
disposed between each adjacent pair of the unit prism shaped 
portions 12 and having a triangular cross section also extends 
along the screen face 10a. Thus, in FIG. 1, the unit prism 
shaped portions 12 and light absorbing portions 14 are 
arranged alternately. 
0132 A reflecting layer 13 is provided on the rear face side 
of each unit prism shaped portion 12, and a rear face protect 
ing layer 16 is provided on the rear face side of the reflecting 
layer 13 and the light absorbing portions 14. Additionally, a 
front face treating layer 15 is provided on the side of the image 
source L of the base portion 11. 
0133. In this case, a reflection-type projection system is 
constructed with the reflecting screen 10 and the image 
Source L. 

0134. The base portion 11 serves as a base material 
required for forming the unit prism shaped portions 12, and 
constitutes a light transmitting portion formed of a resin sheet 
or film made from acrylic, polycarbonate, or polyethylene 
terephthalate resins. In this example, an acrylic resin is used 
for forming the base portion 11. Optionally, the base portion 
11 may be tinted with a dye of a gray color for example, or a 
pigment to reduce its transmittance to a predetermined value 
as desired. 
0135) In the cross section of FIG. 1, each unit prism shape 
12 has a generally wedge-like shape having a larger width on 
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the image source side than its width on the rear face side. The 
unit prism shapes 12 are arranged in large numbers along the 
screen face (vertically in FIG. 1). Each of the unit prism 
shapes 12 is symmetrical in the vertical direction about its 
center line, and each upper slope or lower slope of the unit 
prism shape 12 defines an angle of 5° relative to the normal 
line to the screen face. Each apex portion has a width of 40 
um, and the height from the bottom face to the apex portion is 
200 um. The unit prism shapes 12 are formed of an ultraviolet 
(UV) curing resin having a refractive index of 1.56. The term 
“screen face' means a face that will constitute a plane of a 
screen when viewing it as the entire body of the screen, and is 
used as the same definition also in the description below and 
the claims. 
0.136 The reflecting layer 13 is provided only at portions 
each corresponding to each apex portion of the unit prism 
shapes 12, and serves as a layer for reflecting image light and 
returning it toward the front face (or the image source). The 
reflecting layer 13 of this example is formed by coating the 
apex portion of each unit prism shape 12 with a highly reflec 
tive silver color paint, and the reflectance of the paint used is 
62.7% as the total light reflectance Rt and 39.1% as the 
diffuse reflectance Rd. 
0.137 Each of the light absorbing portions 14 serves as a 
portion adapted to absorb light to be produced between each 
adjacent pair of the unit prism shapes 12. Each light absorbing 
portion 14 of this example is formed by filling it fully with 
black color beads 14a. These black color beads 14a are micro 
beads adapted to absorb light, and voids formed between 
these beads in the light absorbing portion 14 define a space. 
Such a construction enables the light absorbing portions 14 to 
deform with ease, and advantageously imparts flexibility to 
the reflecting screen 10, which flexibility will be necessary to 
make the same screen of a hoist type. 
0.138. The front face treating layer 15 is a layer which was 
Subjected to various Surface treatments, such as an anti-glar 
ing, antireflection finish, antistatic treatment, hard-coating, 
antifouling or the like. In this example, the layer 15 was 
subjected to the antireflection finish. The treatment applied to 
the front face treating layer 15 may be selected properly 
depending on the needs. 
0.139. The rear face protecting layer 16 is used as a layer 
for covering the entire surface to hold the black color beads 
filled in the light absorbing portions 14. If the rear face pro 
tecting layer 16 were not used, it would be difficult to con 
tinue to stably hold in position these beads filled in each 
absorbing portion 14 in a space between each adjacent pair of 
the unit prism shapes 12. Therefore, in this example, the rear 
face protecting layer 16 was formed by dropping a UV curing 
resin onto the whole surface of the rear face, covering the 
surface with the resin, and then curing the resin with UV 
irradiation. Other than using the UV curing resin, the black 
color beads may be fixed by attaching an adhesive tape onto 
the beads. Such fixation is more advantageous for making a 
hoist type screen because it enhances the flexibility. 
0140 Next, a manufacturing method of the reflecting 
screen 10 of this example will be described. 

(Step of Shaping the Unit Prism Shapes) 
0141 First, an ionizing radiation curing resin is coated on 
the base portion 11, and the unit prism shapes 12 are shaped 
by curing resin using irradiation of an ionizing radiation with 
a Suitable pattern pressed against the base portion 11. As the 
ionizing radiation curing resin used for the step of shaping the 
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unit prism shapes, it is preferred to use a photo-crosslinkable 
type resin which mainly contains UV curing type and elec 
tron-beam curing type resins, and multi-functional mono 
mers, such as acrylates, epoxy-acrylates, silicon-aclylates, 
siloxanes and the like. The term "ionizing radiation” refers to 
a radiation, selected among electromagnetic waves and 
charged particle beams, which has an energy quantum able to 
polymerize and crosslink molecules. Usually, a UV radiation 
or electron beam is used as the ionizing radiation. 
0142. Rather than employing the ionization radiation cur 
ing, the formation of the unit prism shapes 12 may be con 
ducted by a heating melt extrusion molding using an acrylic 
resin, PET (polyethylene terephthalate) resin or the like. 

(Step of Forming the Reflecting Layers) 

0143. After forming the unit prism shapes 12, the reflect 
ing layer 13 is formed on each apex portion of the wedge-like 
shapes of the unit prism shapes 12 by employing a gravure 
reverse coating. The silver color paint used as the reflecting 
layer 13 is coated on each apex portion such that the film 
thickness of the paint will be about 20 Lum. Coating the paint 
up to this thickness can provide the aforementioned reflec 
tance. 

0144. Since each apex portion of the unit prism shapes 12 
is projecting, the formation of each reflecting layer 13 only on 
the corresponding apex portion is carried out with ease, while 
preventing the silver color paint from attaching onto each 
Valley-shaped portion between the unit prism shapes 12, i.e., 
the place where each light absorbing portion 14 is to be 
formed. 

0145. Other than this method of forming the reflecting 
layer 13, Screen printing, ink-jet coating, deposition (it is 
preferred to use a high reflectance metal. Such as aluminum, 
silver, chromium or the like) may be used. 
0146 Also, other than the silver color paint used for form 
ing the reflecting layer 13, paints. Such as frosted white color 
type paints for forming a matted Surface after coated, gloss 
white color type paints which will exhibit strong surface 
shining after coated, silver color type (metallic) paints, and 
those in which mica or beads are suitably blended, may be 
used. The suitable selection of these materials enables to 
control the area of observation, brightness, and the effect of 
preventing strong shining caused by a light source. 

(Step of Forming the Light Absorbing Portions) 

0147 Following the step of forming the reflecting layers, 
the black color beads 14a are dispersed on the whole surface 
on the rear face side of the unit prism shapes 12 on which each 
reflecting layer 13 has been formed. In order to evenly filling 
the black color beads 14a into the spaces between the unit 
prism shapes 12, Squeezing (wiping) is conducted. Prefer 
ably, the diameter of the black color beads is approximately 1 
to 10 Jum. The diameter Smaller than 1 um tends to make 
scraping difficult, while the diameter larger than 10 um may 
cause difficulty in filling the black color beads 14a into the 
spaces between the unit prism shapes 12 and make the filling 
insufficient. This step of forming light absorbing portions can 
produce Such light absorbing portions 14 that can block natu 
ral light sufficiently. 
0148 Since each reflecting layer 13 has already been 
formed on each apex portion of the unit prism shapes 12, the 
light absorbing portions 14 may be attached to, even the 
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whole surface of, the rear face, thus facilitating the step of 
forming the light absorbing portions. 
0149 While in this example the black color beads are 
Supplied to only the spaces between the unit prism shapes 12 
as shown in FIG. 1 by carrying out Squeezing, the Surface of 
each reflecting layer 13 (or the whole surface of the rear face) 
may also be covered with the black color beads. 

(Step of Forming the Rear Face Protecting Layer) 

0150. After the formation of the light absorbing portions 
14, a UV curing resin is dropped onto the light absorbing 
portions 14 in a manner of covering the whole Surface of the 
rear face, followed by UV irradiation curing to form the rear 
face protecting layer 16. 

(Step of Forming the Front Face Treating Layer) 

0151. Finally, the front face treating layer 15 is formed on 
the most front surface on the front face side. In this example, 
the front face treating layer 15 is formed by laminating an 
antireflection sheet, to which an antireflection finish is 
applied, on the Surface. 
0152. In this way, the reflecting screen 10 is obtained 
through all the steps above. 
0153. In the aforementioned reflecting screen 10, as 
shown in FIG. 1, image light L1, L2 projected from the image 
source L is guided through the unit prism shapes 12, and then 
totally reflects on an interface between each unit prism shape 
12 and each corresponding light absorbing portion 14. Since 
each light absorbing portion 14 contains black color beads 
filled therein and voids between the beads make a space, the 
refractive index of the light absorbing portions 14 is lower 
than that of the unit prism shapes 12. Accordingly, light which 
is incident on the interface at an angle larger than the critical 
angle will totally reflect. 
0154 Thereafter, the image light which totally reflected 
on the interface between each unit prism shape 12 and each 
corresponding light absorbing portion 14 reaches the reflect 
ing layer 13 and is then reflected by the layer 13, followed by 
making further total reflection and the like, thereafter 
returned toward an observer as a visible light. 
0155 On the other hand, natural light G1, G2 coming from 
an interior lighting G or the like located above the reflecting 
screen 10 has a larger incident angle relative to the reflecting 
screen 10, thus having a smaller incident angle at the interface 
between each unit prism shape 12 and each corresponding 
light absorbing portion 14, thereby containing a larger 
amount of components not exceeding the critical angle, thus 
being transmitted through the light absorbing portion 14 
without generating total reflection, then being absorbed in the 
black color beads. Accordingly, the proportion of the natural 
light which will return to a point of observation can be sig 
nificantly reduced. 
0156. In fact, upon projection of image light onto the 
reflecting screen 10, the projected image had a sufficiently 
high reflectance while the natural light appreciably absorbed. 
0157. As described above, according to this example, 
images with a high contrast, high brightness but free of strong 
shining can be obtained, as well as simple manufacture of the 
reflecting screen 10 can be provided as mentioned above. 
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Example 1-2 
0158 FIG. 2 is a cross section of a reflecting screen 20 of 
an Example 1-2. 
0159. This Example 1-2 includes unit prism shapes 22 
with a modification of the unit prism shapes 12 of the 
Example 1-1. Accordingly, parts performing the same func 
tions as those of Example 1-1 are denoted by the same numer 
als, and repeated descriptions will be omitted appropriately. 
0160 FIG.3 is a diagram showing a specific shape of each 
unit prism shape 22. 
0161 Each unit prism shape 22 is unsymmetrical in its 
arranged direction (in the vertical direction in use) about its 
center line, and has an upper first prism face 22a and a lower 
second prism face 22b. 
0162 The first prism face 22a is formed of a single plane, 
and defines 5° relative to the normal line to the screen face. 
0163 The second prism face 22b has two types of planes: 
a first plane 22b-1 formed near to the rear face, and a second 
plane 22b-2 formed nearer to the image source than the first 
plane 22b-1. 
0164. The first plane 22b-1 is formed of a portion of the 
second prism face 22b which is symmetrical to the first prism 
face 22a about the center line of the first plane 22b-1 and the 
first prism face 22a, and defines 5° relative to the normal line 
to the screen face. 
0.165. The angle defined by the second plane 22b-2 and the 
normal line to the screen face is 15° which is larger than the 
angle defined by the first plane 22b-1 and the normal line to 
the screen face. 
0166 Each of the unit prism shapes 22 has an apex with a 
width of 40 um, a height between the bottom face and the apex 
of 200 um, and a width on the front face side of 100 um. 
0167. In this example, the provision of the relatively large 
angle defined by the second plane 22b-2 is intended to reduce 
the incident angle of natural light relative to the second plane 
22b-2, thus increasing the amount of natural light which can 
reach light absorbing portions 24 without generating total 
reflection at the second plane 22b-2. Also, the provision of the 
relatively large light receiving portion which faces down 
wardly makes easier incidence of image light coming from 
the lower image source. 
0168 FIG. 4 is a diagram showing a case in which image 
light is projected from below at an incident angle of 30 
degrees toward the reflecting screen 20 of the Example 1-2. 
0169 FIG. 5 is a diagram showing a case in which image 
light is projected from below at an incident angle of 10 
degrees toward the reflecting screen 20 of the Example 1-2. 
0170 FIG. 6 is a diagram showing a case in which natural 
light arrives from above at an incident angle of 30 degrees 
toward the reflecting screen 20 of the Example 1-2. 
0171 For simplification, in FIGS. 4 to 6, the base portion 
21 is not shown as an independent layer, and the front face 
treating layer 25 is omitted. 
0172. It can be seen that while the image light coming 
from below is reflected toward an observation area with mod 
erate diffusion (FIGS. 4,5), most of natural light coming from 
above is absorbed and not reflected from the screen (FIG. 6). 
0173 The angular dependency of reflectance is evaluated 
for the reflecting screen 20 of the Example 1-2. 
0.174 FIG. 7 shows results of evaluation on the angular 
dependency of reflectance of the reflecting screen 20 in the 
Example 1-2. 
0.175. In FIG.7, the positive (+) side on the horizontal axis 
shows reflectance of incident light coming from above the 
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screen, and the negative (-) side shows reflectance of incident 
light coming from below the screen. The projection angle of 
a usual front projector is set to provide an incident angle of 
about 0° in the vicinity of the lower end of the screen, and an 
incident angle of about -30° at the upper end. In the graph of 
FIG. 7, the incident angle of image light from the projector 
corresponds to a range of from -30° to 0°, and it is apparently 
seen that a significantly high contrast is maintained in this 
range. The reflectance of natural light coming from above 
corresponds to a range on the positive (+) side of the horizon 
tal axis in FIG. 7. In the range corresponding to the incident 
angle of natural light, the reflectance of light coming from 
above with an incident angle exceeding 20° is Smaller than 
10%, exhibiting a sufficient blocking property of natural 
light. 
0176 According to this example, the addition of the sec 
ond plane 22b-2 can enhance the effect of reflecting image 
light while Suppressing reflection of natural light coming 
from above. Thus, images with a higher contrast and higher 
brightness but free of strong shining can be observed. 

Example 1-3 
0177 FIG. 8 is a perspective view showing a reflecting 
screen 30 of an Example 1-3, which is seen from above on the 
side of the image source. 
0.178 FIG. 9 is a cross section showing the reflecting 
screen 30 of the Example 1-3. 
0179 The reflecting screen 30 includes a base portion 31, 
unit prism shapes 32, light absorbing portions 34, an anti 
regular-reflection layer 35, and an adhesive layer 37. 
0180. As the base portion 31, unit prism shapes 32, and 
light absorbing portions 34 are similar to the base portion 21, 
unit prism shapes 22, and light absorbing portions 24 in the 
Example 1-2, respectively, description of their details is omit 
ted here. 
0181. A reflecting layer 33 is an aluminum plate having a 
high reflectance (Rt=70.6%, Rd=60.8%), and adhered and 
fixed on the rear face side of the unit prism shapes 32 and light 
absorbing portions 34 using a UV curing type adhesive. In 
order to form such a construction, the light absorbing portions 
34 are formed in advance between the unit prism shapes 32, 
followed by adhesion of the reflecting layer 32 via the highly 
transparent adhesive layer 37. Alternatively, a cohesive layer 
may be used in place of the adhesive layer 37. 
0182. The reflecting layer 33 preferably has a reflectance 
of 40% or larger, more preferably has a diffuse reflectance Rd 
in the range of 10% to 70%. If the diffuse reflectance Rd is too 
low, mirror reflection occurs, thereby causing a very narrow 
visual field and making the screen impractical. If the diffuse 
reflectance Rd is too high, the visual field becomes wide, but 
the proportion that light diffusively reflected is absorbed by 
the light absorbing portions will be increased, thus lowering 
the effect of reflection. With such experiences, we found that 
if in the range of from 10% to 70%, the balance of the visual 
field and the diffuse reflection will be acceptable. The condi 
tions of the reflectance and the diffuse reflectance Rd of the 
reflecting layer were proved to be preferable also in the afore 
mentioned Examples 1 and 2. 
0183. A gap between the aluminum plate of the reflecting 
layer 33 and the unit prism shapes 32 and light absorbing 
portions 34, i.e., the thickness t of the adhesive layer 37 is 
preferably a half (1/2) or less of the width (width A in FIG.9) 
on the side of the reflecting layer 33 (on the rear face side) of 
each unit prism shape 32. If the gap is further increased, the 
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majority of reflected light, which is desired to be returned into 
the unit prism shapes 32 after reflected by the reflecting layer 
33, will be incident on the light absorbing portions 34, thus 
significantly degrading the effect of reflection of the screen. 
0184 The anti-regular-reflection layer35 is a layer includ 
ing a large number of micro-concavo-convexportions formed 
at random on the surface thereof. As the layer 35 of this 
example is used a commercially available diffusion film (pro 
duced by KIMOTO Co., Ltd., trade name: TL-4) having a 
total transmittance efficiency of approximately 90%, a diffuse 
transmittance of approximately 37%, and a haze value of 
approximately 42%. For the convenience of preparing the 
drawing, while FIG. 8 appears to illustrate a state where a 
large number of wave-like portions are arranged obliquely on 
the surface of the anti-regular-reflection layer 35, the surface 
shape of this anti-regular-reflection layer 35 in this example 
should not necessarily be formed with such directivity, but 
may be formed, like a matted Surface, by arranging irregular 
concavo-convex portions in large numbers at random on the 
Surface. 

0185. The anti-regular-reflection layer 35 has the follow 
ing functions of 
0186 (1) preventing the projector optical engine portion 
from being reflected and observed with Strong shining on the 
most front Surface of the reflecting screen; and 
0187 (2) increasing the angle observable of an image to be 
projected onto the reflecting screen. 
0188 The function (1) cannot be achieved if using a dif 
fusion layer (diffusion film) of a type that a diffusion material 
is incorporated in the layer. In order to achieve this function, 
the Surface must have micro-concavo-convex shapes. 
Depending on the degree of light diffusion due to the micro 
concavo-convex shapes, the degree of preventing the shining 
of the image source can be adjusted. If the degree of light 
diffusion is too low, the prevention of the shining will be 
insufficient, while if too large, the screen will be observed to 
be whitish. With evaluation on a large number of diffusion 
films having different degrees of diffusion, we found that the 
shining can be prevented effectively without experiencing 
whitish appearance if setting the haze value of the anti-regu 
lar-reflection layer 35 to a range of 25% to 90%. 
0189 However, even though the haze value is in the afore 
mentioned range, depending on the shape of the Surface, some 
cases could not achieve the function (1). 
0.190 FIG. 10 is a diagram illustrating a difference in the 
effect of preventing strong shining caused by an image 
Source, due to a difference between Surface shapes of anti 
regular-reflection layers. 
0191 As shown in FIG. 10(a), in the case where flat face 
portions which is parallel to a screen face 30a exist in a large 
proportion on the reflecting screen 30, the amount of light 
components of regular reflection generated on the flat faces is 
relatively large, leading to occurrence of the shining due to 
the image source. On the other hand, even though the same 
haze value is exhibited by the screens of FIG. 10(a) and FIG. 
10(b), for prevention of the shining caused by the image 
source as the function (1), it is preferred to use such a reflect 
ing screen, as shown in FIG. 10(b), that substantially no flat 
faces parallel to the screen face 30a are formed on the reflect 
ing screen 30, and the whole surface of the screen is covered 
with concavo-convex shapes. Even with flat faces not parallel 
to the screen face, a large number of such flat faces oriented in 
the same direction may occurshining due to the image source 
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when observed in a specific direction. It is thus preferred to 
lessen the proportion of flat faces as Small as possible. 
0.192 In this example, since the reflecting layer is formed 
by adhesion of an aluminum plate, the reflecting layer can be 
formed with ease and constantly. Additionally, the provision 
of such anti-regular-reflection layer enables to widen the 
visual field and completely prevent the shining caused by the 
image source. 

Example 1-4 
0193 FIG. 11 is a perspective view showing a reflecting 
screen 40 of an Example 1-4, which is seen from above on the 
side of the image source. 
0194 FIG. 12 is a cross section showing the reflecting 
screen 40 of the Example 1-4. 
0.195 The reflecting screen 40 includes a base portion 41, 
unit prism shapes 42, a reflecting layer 43, light absorbing 
portions 44, an anti-regular-reflection layer 45, an adhesive 
layer 47, and a deforming diffusion layer 48. 
0196. As the base portion 41, unit prism shapes 42, reflect 
ing layer 43, light absorbing portions 44, anti-regular-reflec 
tion layer 45, and adhesive layer 47 are similar to the base 
portion 31, unit prism shapes 32, reflecting layer 33, light 
absorbing portions 34, anti-regular-reflection layer 35, and 
adhesive layer 37 in the Example 1-3, respectively, descrip 
tion of their details is omitted here. 
0197) The deforming diffusion layer 48, which is placed 
between the base portion 41 and the anti-reflection layer 45 
using an adhesive (not shown), is a holographic diffuser in 
which a generally 5um-stripe interference pattern is recorded 
as concavo-convex shapes, and is adapted to diffuse light 
transmitted through the layer 48 strongly only in a specific 
direction. The deforming diffusion layer 48 is arranged such 
that a haze value in the horizontal direction is about 70% and 
a haze value in the vertical direction is about 35%. 
0198 According to this example, the provision of the 
deforming diffusion layer 48 can control diffusion of light 
moderately also in the horizontal direction, in addition to the 
control in the vertical direction due to the unit prism shapes 
42, thus widening the visual field. 

Example 1-5 

0199 FIG. 13 is a perspective view showing a state prior to 
forming a reflecting layer 53 on a reflecting screen 50 of an 
Example 1-5, which is seen from above on the side of the rear 
face. 
0200 FIG. 14 is a cross section showing the reflecting 
screen 50 of the Example 1-5. 
0201 The reflecting screen 50 includes a base portion 51, 
unit prism shapes 52, a reflecting layer 53, light absorbing 
portions 54, and an anti-regular-reflection layer 55. 
0202 As the base portion 51, unit prism shapes 52, light 
absorbing portions 54, anti-regular-reflection layer 55 are 
similar to the base portion 31, unit prism shapes 32, light 
absorbing portions 34, anti-regular-reflection layer 35, 
respectively, description of their details is omitted here. 
0203 As shown in FIG. 13, in a state prior to forming the 
reflecting layer 53, top faces 52c on the rear face side of the 
unit prism shapes 52 are processed (hairline processing) Such 
that fine stripes are formed intentionally in a direction (verti 
cal direction) orthogonal to the direction (horizontal direc 
tion) along which longitudinal sides of the unit prism shapes 
52 and the light absorbing portions 54 extend. In this embodi 
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ment, fine stripes are formed in the vertical direction by 
rubbing the top faces 52c using a # 400 sandpaper. Thereafter, 
the reflecting layer 53 is formed by spraying a highly reflec 
tive coating having a reflectance of about 68% and a diffuse 
reflectance of about 52% on the top faces where the fine 
stripes were formed. 
0204 Such formation of the reflecting layer 53 on the top 
faces 52c where the fine stripes were formed can create more 
distinctly fine Stripes in the reflecting face. By applying Such 
a surface diffusion treatment to the surface of the reflecting 
layer 53, strength of diffusion effect in the horizontal direc 
tion becomes quite larger than in the vertical direction. 
0205. In this example, it becomes possible to provide a 
reflecting screen which can widen the visual field in the 
horizontal direction and be observed well from any place. 

Example 1-6 
0206 FIG. 15 is a perspective view showing a reflecting 
screen 60 of an Example 1-6, which is seen from above on the 
side of the image source. 
0207 FIG. 16 is a cross section showing the reflecting 
screen 60 of the Example 1-6. 
0208. The reflecting screen 60 includes a base portion 61, 
unit prism shapes 62, a reflecting layer 63, light absorbing 
portions 64, an anti-regular-reflection layer 65, and a lenticu 
lar lens layer 69. 
0209. As the base portion 61, unit prism shapes 62, reflect 
ing layer 63, light absorbing portions 64, anti-regular-reflec 
tion layer 65 are similar to the base portion 51, unit prism 
shapes 52, reflecting layer 53, light absorbing portions 54, 
anti-regular-reflection layer 55, respectively, description of 
their details is omitted here. 
0210. The lenticular lens layer 69 is a lenticular lens shape 
which is provided in place of the vertical fine stripes formed 
on the top faces 52c in the Example 1-5. The lens shape of the 
lenticular lens layer 69 includes a portion of an elliptic cylin 
drical shape as a unit shape and is formed by arranging the 
unit elliptic cylindrical shapes in large numbers in the hori 
Zontal direction. Accordingly, this layer 69 extends in the 
Vertical direction while keeping its horizontal cross sectional 
shape to be the same. 
0211. After formation of the lenticular lens layer 69, the 
reflecting layer 63 is formed in the same manner as in 
Example 1-5. 
0212. In this example, the provision of the lenticular lens 
shape enables to provide more precise control of the diffusion 
effect in the horizontal direction. 

Example 1-7 

0213 FIG. 17 is a diagram showing a reflecting screen 70 
of an Example 1-7. FIG. 17(a) is a diagram viewed from the 
rear face side, and FIG. 17(b) is a cross section. 
0214. The reflecting screen 70 in the Example 1-7 is simi 
lar to that in the Example 1-1 except that it uses a reflecting 
layer 73 as a modification of the reflecting layer 13 of the 
Example 1-1. Accordingly, parts performing the same func 
tions as those of Example 1-1 are denoted by the same numer 
als, and repeated descriptions will be omitted appropriately. 
0215. The reflecting layer 73 is formed by combining a 
regular reflection layer 73a and a diffuse reflection layer 73b. 
0216. The regular reflection layer 73a is a layer having a 
diffuse reflectance Rd (73a) lower than a diffuse reflectance 
Rd (73b) of the diffuse reflection layer 73b, and is formed by 
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making the light absorbing portions 14 prior to forming the 
reflecting layer, followed by printing partly employing a 
screen printing (for example, to form a dot-like or mesh-like 
pattern as shown in FIG. 17). 
0217. The diffuse reflection layer 73b, as mentioned 
above, is a layer having the diffuse reflectance Rd (73b) 
which is higher than the diffuse reflectance Rd (73a) of the 
regular reflection layer 73a, and is formed by printing over the 
whole surface after the formation of the regular reflection 
layer 73a. 
0218. In this way, since the reflecting layer is formed by 
combining a plurality of regions having different values of 
diffuse reflectance Rd, alteration of the proportion of ratios of 
the area occupied by the respective regions can provide a 
proper setting of the proportion of reflected light with strong 
regular reflection and reflected light with strong diffuse 
reflection. Consequently, the peak brightness of the front face 
and the proportion of distribution of observing angles can be 
controlled as desired. 

(Modifications) 
0219. Without limited to the examples as described above, 
various alterations and modifications are possible, and these 
are also within the equivalence of the present invention. 
0220 (1) While as the unit prism shape in each of the 
Examples, one aspect of the shape formed by combining flat 
planes was described, the unit prism shape is not limited to 
Such a configuration, but may also includes shapes formed by 
combining curved surfaces partly or entirely. Alternatively, 
other than using such prism shapes, a simple light transmit 
ting potion having an equal width from its rear face side to its 
image source side may be used. 
0221 (2) While in each of the Examples, one aspect which 
performs the step of forming the light absorbing portions after 
the step of forming the reflecting layer(s) was described, the 
procedure is not limited to this aspect. For example, the step 
of forming the reflecting layer(s) may be performed after the 
step of forming the light absorbing portions. In such a proce 
dure of the steps, the reflecting layer can be formed on the 
whole surface of the rear face after filling the material of each 
light absorbing portion between each adjacent pair of the unit 
prism shapes using wiping or the like means, thereby provid 
ing a method especially effective in the case where the for 
mation of the light absorbing portions is carried out with ease. 
0222 (3) While in each of the Examples, one aspect was 
described, in which the unit prism shapes and light absorbing 
portions extend horizontally while keeping the same cross 
sectional shapes and are arranged in the vertical direction in 
large numbers, respectively, the arrangement is not limited to 
this aspect. For example, if the direction of natural light and 
image light is horizontal, the arrangement of the unit prism 
shapes and light absorbing portions may be rotated by 90 
degrees correspondingly to the direction of light. Otherwise, 
an assembly of unit prism shapes 22, 22A and light absorbing 
portions 24, 24A may be provided in two layers such that they 
are arranged orthogonally to one another (see FIG. 4). 
0223. In this case, the unit prism shapes 22 are arranged 
linearly in one direction in large numbers with the light 
absorbing portions 24 being provided between each adjacent 
pair of unit prism shapes 22. Further, a large number of 
additional unit prism shapes 22A are arranged linearly in the 
other direction orthogonal to the one direction with the addi 
tional light absorbing portions 24A being provided between 
each adjacent pair of additional unit prism shapes 22A. 
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0224. Alternatively, an assembly of a large number of the 
additional unit prism shapes 22A and a large number of the 
additional light absorbing portions 24A may be laminated on 
an assembly of a large number of the unit prism shapes 22 and 
a large number of the light absorbing portions 24. 
0225 (4) While in each of the Examples, one aspect in 
which the light absorbing portions are formed by filling the 
black color beads therein was described, the formation is not 
limited to this aspect. For example, a resin kneaded with the 
black color beads may be used for the formation of the light 
absorbing portions. In this case, it is preferred to form the 
light absorbing portions by kneading the black color beads in 
a resin having a refractive index lower than a refractive index 
of a material to be used for forming the unit prism shapes. 
0226 (5) While in each of the Examples, one aspect of a 
fixed type reflecting screen was mentioned, the type is not 
limited to this aspect. For example, a hoist type reflecting 
screen may be used, which can be hoisted and housed when 
not used. 
0227 (6) In the Examples 1-3 to 1-6, while one example of 
a commercially available diffusion film is described as the 
anti-regular-reflection layer 35, this layer 35 is not limited to 
Such types of diffusion films. For example, the anti-regular 
reflection layer may beformed by kneading a large number of 
micro-beads 35a with a binder for fixing these beads thereto 
such that the micro-beads 35a shift project to on the side of 
the image source from the binder portion so as to form fine 
concavo-convex shapes (FIG. 9). 
0228 (7) In the Examples 1-3 to 1-6, while one aspect of 
using irregular matted fine concavo-convex shapes as the 
anti-regular-reflection layer 35, the layer 35 is not limited to 
this aspect. For example, regular reflection light components 
can be reduced by providing a lens array composed of micro 
unit lens shapes arranged in a one-dimensional or two-dimen 
sional orientation. 
0229. In this case, with a lenticular lens array 35c formed 
by arranging the unit lens shapes in a one-dimensional orien 
tation, the visual field may also be controlled by arranging the 
direction along which the unit lens shapes extend having the 
same cross-sectional shape orthogonally to the direction 
along which the light transmitting portions and the light 
absorbing portions extend having the same cross-sectional 
shapes respectively. 
0230. In addition, in the above case, if using a micro-lens 
array formed by arranging the unit lens shapes 35d in a 
two-dimensional orientation, the visual field may also be 
controlled by arranging the longitudinal direction of the unit 
lens shapes when the unit lens shapes are observed along the 
normal direction to the screen orthogonally to the direction 
along which the light transmitting portions and the light 
absorbing portions extend having the same cross-sectional 
shapes respectively. 
0231 (8) In the Examples 1-3 to 1-6, at least one of an 
antistatic finish, hard-coating, and antifouling may be applied 
to and along the Surface on the image source side of the 
anti-regular-reflection layer. As a result, the antistatic, hard 
coating or antifouling function can be added to the anti 
regular-reflection layer while maintaining the primary func 
tion of this layer to reduce regular reflection light 
components. 
0232 (9) In the Example 1-3 or 1-4, a light diffusing 
material may be incorporated in the adhesive layer 37 or 47. 
0233 (10) In the Example 1-4, one aspect where the 
deforming diffusion layer 48 is formed in the proximity of the 
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anti-regular-reflection layer 45 was illustrated, the position is 
not limited to this aspect. For example, if the shining is less on 
the surface of the deforming diffusion layer 48, this layer 48 
may be positioned on the image source side or in the vicinity 
of the reflecting layer. 

Second Embodiment 

0234. A second embodiment of the present invention will 
now be described with reference to FIGS. 18 to 20. 
0235. The object to obtain images having a high contrast 
and high brightness but free of strong shining was achieved by 
utilizing linearly polarized light as the image light coming 
from the image source. 
0236 FIG. 18 is a cross section showing a reflection-type 
projection system of this example. 
0237 FIG. 19 is a perspective view showing the reflec 
tion-type projection system of this example. In FIG. 19, the 
reflecting layer 13 is not shown for the convenience of expla 
nation. Also for the purpose of explanation, in FIGS. 18 and 
19, sizes, shapes or the like factors are advantageously 
emphasized, and an interior lighting G, an image source L. 
and a reflecting screen 10 are depicted Schematically and 
collectively, and thus the respective positional relations are 
different from actual ones, and other expressions, including 
incident angles of light, which differ from actual sizes or 
dimensions will be included in the description below. 
0238. The reflecting screen 10 of this example is a screen 
which has been developed such that a projector optical engine 
portion (image source) L for projecting image light is 
installed lower than the center of the screen 10 to take a 
position from which the image light will be projected 
obliquely and upwardly, and most of ambient light will be 
incident on the screen from above. In such a construction, the 
image light coming from below is reflected toward an 
observer with high efficiency, and unnecessary light coming 
from above is absorbed by light absorbing portions described 
below, and hence to provide a reflecting screen for use in an 
extremely high contrast front projector. 
0239. The projector optical engine portion (image source) 
L is a liquid crystal type projector. In this case, the polariza 
tion of image light to be projected from this projector pro 
duces linearly polarized light, and the projector is arranged 
such that the polarization direction. A depicted by an arrow in 
FIG. 19 will be horizontal. 

0240 FIG. 18 shows a vertical cross section of the screen 
in use. 

0241. As shown in FIG. 18, the reflecting screen 10 
reflects image light L1, L2 projected from the image source L. 
has a screen face 10a, and includes a base portion 11, light 
transmitting portions 12 provided on the base portion 11 and 
adapted to transmit light, and light absorbing portions 14 
adapted to absorb light. Each of the light transmitting portions 
12 comprises a unit prism shaped portion (or simply referred 
to as a unit prism shape) 12 which in a cross section orthogo 
nal to the screen face 10a is a generally wedge like shape 
having a larger width on the side of the image source L than 
its width on the rear face side and arranged in large numbers 
along the screen face 10a. 
0242 Each unit prism shaped portion 12 extends linearly 
along the screen face 10a, and each light absorbing portion 14 
disposed between each adjacent pair of the unit prism shaped 
portions 12 and having a triangularly shaped cross section 
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also extends along the screen face 10a. Thus, in FIG. 18, the 
unit prism shaped portions 12 and the light absorbing portions 
14 are arranged alternately. 
0243 A reflecting layer 13 is provided on the rear face side 
of each unit prism shaped portion 12. On the side of the image 
Source L of the base portion 11 are provided polarizing layer 
16A and an anti-regular-reflection layer 15A successively. 
0244. The base portion 11 serves as a base material to be 
required when the unit prism shaped portions 12 are formed, 
and constitutes a light transmitting portion formed of acrylic, 
polycarbonate, or polyethylene terephthalate resins. In this 
example, an acrylic resin is used for the base portion 11. 
Optionally, the base portion 11 may be tinted with a dye of a 
gray color for example, or a pigment to reduce its transmit 
tance to a predetermined value. 
0245. In the cross section of FIG. 18, each unit prism shape 
12 has a generally wedge-like shape having a larger width on 
the image source side than its width on the rear face side. The 
unit prism shapes 12 are arranged in large numbers along the 
screen face (from the top to the bottom in FIG. 18). Each of 
the unit prism shapes 12 is symmetrical in the vertical direc 
tion about its center line, each upper slope or lower slope of 
the unit prism shape 12 defines an angle of 5° relative to the 
normal line to the screen face. Each apex portion has a width 
of 40 um, and the height from the bottom face to the apex 
portion is 200 um. The unit prism shapes 12 are formed of an 
ultraviolet (UV) curing resin having a refractive index of 
1.56. The term "screen face” means a face that will constitute 
a plane of a screen when viewing it as the entire body of the 
screen, and is used as the same definition also in the descrip 
tion below and the claims. 
0246. Each of the light absorbing portions 14 serves as a 
portion adapted to absorb light to be produced between each 
pair of the unit prism shapes 12. Each light absorbing portion 
14 of this example is formed by filling it fully with black color 
beads 14a. These black color beads 14a are micro-beads 
adapted to absorb light, and voids formed between these 
beads in the light absorbing portion 14 define a space. Such a 
construction enables the light absorbing portions 14 to 
deform with ease, and advantageously imparts flexibility to 
the reflecting screen 10, which flexibility will be necessary to 
make the same screen of a hoist type. 
0247 The unit prism shapes 12 and the light absorbing 
portions extend in the horizontal direction while keeping their 
cross-sectional shapes as shown in FIG. 18. As stated above, 
since the polarization direction of image light is horizontal, 
this polarization direction is coincident with the direction 
along which the unit prism shapes 12 and the light absorbing 
portions 14 extend. The reason for this configuration will be 
described below. 
0248. The reflecting layer 13 is provided on the rear face 
side of the apex portions of the generally wedge-like shapes 
of the unit prism shapes 12, and serves as a layer for reflecting 
image light and returning it toward the front face (or the image 
source). The reflecting layer 13 is formed to cover the whole 
surface of the screen so as to hold black color beads 14a (not 
shown) filled in the light absorbing portions 14. 
0249. The reflecting layer 13 of this example is formed of 
a polarized-light reflecting material for selectively reflecting 
light which was polarized in a certain direction. The reflecting 
layer 13 of this example is configured by utilizing a wire-grid 
polarizer which is formed by arranging dielectrics and con 
ductors alternately along the Surface. Such that the polariza 
tion direction in which the reflecting layer 13 will reflect light 
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selectively becomes horizontal, thus being coincident with 
the polarization direction of image light. Accordingly, the 
reflecting layer 13 can reflect the image light with high effi 
ciency but reflect little natural light having the polarization 
direction not coincident with that of the reflecting layer 13. 
Since the wire-grid polarizer is a reflecting layer with a polar 
ization selectivity, no additional reflecting layer is required. 
Because the light not reflected is transmitted toward the rear 
face, for example, a black-colored light absorbing layer may 
be further provided to prevent reflection of such natural light 
on any one of the faces (for example, the wall) on the screen 
rear face side. Other than the wire-grid polarizer, for example, 
a DBEF (produced by SUMITOMO-3M Co., Ltd.) can be 
used as the reflecting layer 13. 
(0250. The reflectance of the reflecting layer 13 of this 
example is 81.1% on average in the range of 400 to 700 nm for 
the polarized light coincident with its polarization direction 
but 3.4% for the light polarized vertically to the polarization 
direction. 
0251. The anti-regular-reflection layer 15A is a layer hav 
ing a large number of micro-concavo-convexportions formed 
at random on the surface thereof. As the layer 15A of this 
example is used a commercially available diffusion film (pro 
duced by KIMOTO Co., Ltd., trade name: TL-4) having a 
total transmittance efficiency of approximately 90%, a diffuse 
transmittance of approximately 37%, and a haze value of 
approximately 42%. In the measurement of the aforemen 
tioned haze values and those described below, a Haze-Trans 
mittance-Reflectance HR-100 type meter (Produced by 
MURAKAMI SIKISAIGIJUTU KENKYUSHO) was used. 
0252. The anti-regular-reflection layer 15A has the fol 
lowing functions of 
0253 (1) preventing the image source L from being 
reflected and observed as shining on the most front surface of 
the reflecting screen; and 
0254 (2) increasing the angle observable of an image to be 
projected onto the reflecting screen. 
0255. The function (1) cannot be achieved if using a dif 
fusion layer (diffusion film) of a type that a diffusion material 
is incorporated in the layer. In order to achieve this function, 
the Surface must have fine micro-concavo-convex shapes. 
Depending on the degree of light diffusion due to the fine 
micro-concavo-convex shapes, the degree of the effect of 
preventing the shining caused by the image source can be 
adjusted. If the degree of light diffusion is too small, the 
prevention of the shining will be insufficient, while if too 
large, the screen will be observed to be whitish. With evalu 
ation on a large number of diffusion films having different 
degrees of diffusion, we found that the shining can be pre 
vented effectively without experiencing whitish appearance 
if setting the haze value of the anti-regular-reflection layer 
15A to a range of 25% to 90%. 
0256 While the front face of the anti-regular-reflection 
layer 15A may be subjected to various surface treatments, 
Such as an antistatic treatment, hard-coating, antifouling or 
the like, the aforementioned micro-concavo-convex shapes 
should remain on the Surface in Such a case. 
0257 The polarizing layer 16A is provided between the 
base portion 11 and the anti-regular-reflection layer 15A and 
used for adjusting a state of polarization of light passing 
through the layer 16A to linearly polarized light in a prede 
termined polarization direction. Specifically, the polarizing 
layer 16A is an absorption-type polarizer which allows the 
polarized component coincident with the predetermined 
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polarization direction to pass through it, but absorbs polarized 
components of the directions other than the predetermined 
polarization direction. 
0258. The predetermined polarization direction along 
which the polarized light is adjusted by the polarizing layer 
16A of this example is set to be horizontal. That is, the 
polarization direction in which the polarized light can pass 
the polarizing layer 16A is Substantially the same as the 
polarization direction of image light. In Such a way, while the 
image light can pass through the polarizing layer 16A toward 
the reflecting layer 13, most of the light (for example, natural 
light) including polarized components of directions other 
than the predetermined polarization direction of the polariz 
ing layer 16A is absorbed by the polarizing layer 16A. 
0259. In the reflecting screen 10 described above, as 
shown in FIG. 18, image light L1, L2 projected from the 
image source L is guided through the unit prism shapes 12, 
and then totally reflects on an interface between each unit 
prism shape 12 and each corresponding light absorbing por 
tion 14. Since each light absorbing portion 14 contains black 
color beads filled therein and voids between the beads make a 
space, the refractive index of the light absorbing portions 14 
is lower than that of the unit prism shapes 12. Accordingly, 
light which is incident on the interface at an angle larger than 
the critical angle totally reflected. 
0260 Thereafter, the image light which totally reflected 
on the interface between each unit prism shape 12 and each 
corresponding light absorbing portion 14 will reach the 
reflecting layer 13 and then be reflected by the layer 13, 
followed by further total reflection and so on, thereafter 
returned toward an observer as a visible light. 
0261) On the other hand, natural light G1 or G2 coming 
from an interior lighting G or the like provided above the 
reflecting screen 10 has a larger incident angle relative to the 
reflecting screen 10, thereby lessening the incident angle on 
the interface between each unit prism shape 12 and each 
corresponding light absorbing portion 14, thus containing a 
larger amount of components not exceeding the critical angle, 
then being transmitted through the light absorbing portion 14 
without generating total reflection, and absorbed in the black 
color beads. Accordingly, the proportion of the natural light 
which will return to a point of observation can be significantly 
reduced. 

0262 The reason for making the polarization direction of 
the image light be coincident with the direction along which 
the unit prism shapes 12 and the light absorbing portions 14 
extend while keeping their cross-sectional shapes to be the 
same will now be described. 

0263. In the case where polarized light is reflected, it is 
already known that the reflectance will vary with the relation 
between the state of polarization (polarization direction) and 
the reflecting surface, and the reflectance relative to the 
reflecting surface will be larger in the S-type polarization than 
in the P-type polarization. 
0264. In the reflecting screen 10 of this example, since 

total reflection is utilized at an interface of each unit prism 
shape 12 and each corresponding light absorbing portion 14, 
the more the proportion of S-type polarization becomes in the 
relation between the interface and the light arriving at the 
interface, the more efficient the reflection of image light will 
be. 

0265 FIG. 20 is a graph in which changes of reflectance 
due to a difference in the polarization directions of this 
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example are plotted per certain incident angle relative to the 
screen face of the reflecting screen 10. 
0266. In FIG. 20, the case where the polarization direction 
of the image light is vertical and the case where the polariza 
tion direction is horizontal are depicted based on the image 
light with the horizontal polarization direction and the inci 
dentangle of 0°. It is seen from FIG. 20 that the case where the 
polarization direction of the image light is horizontal is higher 
in the reflective strength than the case where the polarization 
direction is vertical. This is because in the case where the 
polarization direction of the image light is horizontal, the 
state of polarization of the image lightarriving at the interface 
between each unit prism shape 12 and each corresponding 
light absorbing portion 14 will include more proportion of 
light of the S-type polarization in the relation to the interface. 
0267. Therefore, in this example, the polarization direc 
tion of image light is made to be coincident with the direction 
along which the unit prism shapes 12 and the light absorbing 
portions 14 extend while keeping the same cross-sectional 
shapes, respectively, thereby to make the relation between the 
incidentangle at the total reflection surface (the interface) and 
the polarization direction of the image light such that the 
proportion of light of the S-type polarization will be 
increased, and thus reflecting the image light with higher 
reflectance. 
0268 If the reflecting screen 10 would be rotated to match 
with the polarization direction, the original relation between 
the image source L and the interior lighting G will be broken. 
Therefore, in order not to breakthis positional relation, in this 
example, the image source L from which image light is pro 
jected in a form of horizontally and linearly polarized light is 
used. 
0269. Also, in this example, the polarization direction of 
the image light is limited to the horizontal direction as 
described above, and the reflecting layer 13 and the polarizing 
layer 16A are arranged to match with the polarization direc 
tion. 
0270. Accordingly, even if natural light not having such a 
polarizing property arrives at the reflecting screen 10, the 
light other than the one having components coincident with 
the polarization direction of the image light will not be 
reflected. Accordingly, images displayed on the reflecting 
screen 10 will be significantly high contrast ones. 
0271 Moreover, in this example, to make high contrast 
images observable even in a relatively bright room, a modi 
fication is provided to the interior lighting G for using it as a 
part of the reflection-type projection system. 
0272. The illumination light for illuminating the room is 
emitted from the interior lighting G in a form of linearly 
polarized light, wherein the polarization direction of the illu 
mination light is set in the direction vertical to the polarization 
direction of the image light or in the vertical polarization 
direction to the image light (the direction B depicted by an 
arrow in FIG. 19). Specifically, a polarizing filter 17 is placed 
in a position where light is emitted from the interior lighting 
G such that the polarization direction of the illumination light 
in the room is set in the direction substantially vertical to the 
polarization direction of the image light. In this way, if there 
is no other light source, the light which will arrive at the 
screen 10 can be limited only to the horizontally and linearly 
polarized image light and the illumination light which is 
linearly polarized in the direction vertical to the polarization 
direction of the image light. Accordingly, the use of the 
reflecting screen 10 of this example enables to selectively 
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reflect only the image light and present significantly high 
contrast and high quality images even in a considerably bright 
environment. 
0273 Actually, when image light was projected toward 
the reflecting screen 10, the screen 10 presented high reflec 
tance for the projected image while absorbing most of the 
natural light. 
0274 Thus, according to the present invention, images 
with high contrast and high brightness but free of shining can 
be presented even in a considerably bright room. 

(Modifications) 
0275 Without limited to the examples as described above, 
various alterations and modifications are possible, and these 
are also within the equivalence of the present invention. 
0276 While in the above example, one aspect which uses 
the reflecting layer 13, polarizing layer 16A and polarizing 
filter 17 for adjusting the polarization direction of the image 
light in combination with the unit prism shapes 12 and light 
absorbing portions 14 was described, the use of these com 
ponents is not limited to this aspect, and some of these com 
ponents may be optionally omitted, for example, the polariz 
ing layer 16A may be excluded. 

Third Embodiment 

0277 Next, a third embodiment of the present invention 
will be described. In the third embodiment according to the 
present invention, the light transmitting portions 12 compris 
ing the plurality of unit prism shapes 12 of the reflecting 
screen 10 in the first embodiment shown in FIGS. 1 to 17 are 
formed of a curable resin, Such as UV curing resins, electron 
beam curing resins or radiation curing resins, but the other 
construction is Substantially the same as the first embodiment 
shown in FIGS. 1 to 17. 
0278. The lowering start point of storage elasticity (Tg) in 
the range of dynamic viscoelasticity of these resins is in the 
range from -60° C. to 25° C. or 60° C. to 150° C. and the 
storage elasticity in the range of rubber-like elasticity above 
the glass transition point of these resins is greater than 10" 
Pa. 

0279. The curable resin for forming the light transmitting 
portions 12 contains at least one type of urethane acrylates as 
an oligomer component. 
0280. The base portion 11 of the reflecting screen 10 is 
formed of PET or PC, and has a thickness of 10 to 188 um. 
The total thickness of the combined body made of the light 
transmitting portions 12 and the light absorbing portions 14 is 
in the range from 20 to 200 um. 
0281 Next, a specific example of the present invention 
will be described. 

0282. On a PET base material with a 100 um thickness as 
the base portion 11, a light transmitting UV curing resin (for 
light transmitting portions 12) with a glass transition point of 
20° C. and a black color and light absorbing UV curing resin 
(for light absorbing portions 14) are coated such that the total 
thickness of the combined body to be formed of the light 
transmitting portions 12 and light absorbing portions 14 will 
be 150 um, thus producing the reflecting screen 10. The so 
produced reflecting screen 10 is then attached to a 50 mm (p 
roll core using a double-sided adhesive tape to prepare a roll 
screen. Thereafter, the roll screen was stored for a week in an 
oven at 60°C. while maintaining the rolled state. Upon evalu 
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ation of the appearance, the screen showed a good appearance 
without presenting any rolling mark. 
0283) Next, a comparative example will be described. 
0284. A light transmitting UV curing resin with a glass 
transition point of 40°C. and a black colorand light absorbing 
UV curing resin are coated such that the total thickness will be 
150 um on a PET basematerial with a 100 um thickness as the 
base portion, thus producing the reflecting screen 10. The so 
produced reflecting screen 10 is then attached to a 50 mm (p 
roll core using a double-sided adhesive tape to prepare a roll 
screen. Thereafter, the roll screen was stored for a week in an 
oven at 60°C. while maintaining the rolled state. Upon evalu 
ation of the appearance, remarkably large rolling marks were 
found. 

Fourth Embodiment 

0285 Finally, a fourth embodiment of the present inven 
tion will be described with reference to FIG. 21. As shown in 
FIG. 21, the reflecting screen 10 comprises a base portion 11, 
and light transmitting portions 12 and light absorbing por 
tions 14 both provided on the base portion 11. The light 
transmitting portions 12 and the light absorbing portions 14 
are arranged alternately while extending linearly along the 
screen face 10a. 
0286 On the base portion 11 is formed a concavo-convex 
Surface constituting a front face treating layer 15 to which an 
antistatic treatment is applied. In addition, a reflecting layer 
13 is provided to the light transmitting portions 12 and the 
light absorbing portions 14 through an adhesive layer or cohe 
sive layer 37. 
0287. The reflecting layer 13 comprises a reflecting film or 
reflecting plate. This reflecting layer 13 includes a white color 
film 13A having a total light reflectance greater than 30% and 
a total light transmittance greater than 50% and a reflection 
concealing layer 13B provided on the rear face of the white 
color film 13A and formed by Al deposition or a silvercoating 
material. 
0288 The white color film 13A is composed of a synthetic 
resin film selected from the group consisting of PET, modi 
fied PET, PEN, PC, PMMA, PE, copolymerized modified PE, 
PP, and PVC. 
0289. The surface on the side of the reflection concealing 
layer 13B of the white color film 13A is a matted surface 13C. 
The matted surface 13C is formed from a UV curing resin or 
electron-beam curing resin or by sand blasting. 
0290 When the reflection concealing layer 13B is pro 
vided by coating a silver coating material, a material exhib 
iting a surface resistance of 10'S2 or less is used as the silver 
coating material. 
0291. The adhesive agent or cohesive agent 37 has a light 
transmittance of 70% or higher and contains at least one type 
of diffusing beads having an average particle diameter of 1 to 
20 Lum. 
0292 According to this embodiment, the reflecting screen 
10 can be manufactured simply and easily by providing the 
reflecting layer 13 to the light transmitting portions 12 and the 
light absorbing portions 14 through the adhesive layer or 
cohesive layer 37. 
0293 Also, the reflecting screen 10 presenting an excel 
lent definition of images can be produced. 

1. A method of manufacturing a reflecting screen adapted 
to reflect image light projected from an image source and 
including a screen face; the reflecting screen including light 
transmitting portions which can transmit light, and light 
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absorbing portions adapted to absorb light, wherein the light 
transmitting portions and the light absorbing portions are 
formed to alternately extend along the screen face, and 
wherein a reflecting layer adapted to reflect the image light, 
which has been transmitted through the light transmitting 
portions, is provided at least on a rear face side of each light 
transmitting portion, and each light transmitting portion com 
prises a unit prism shaped portion which in a cross section 
orthogonal to the screen face has a generally wedge-like 
shape with a larger width on an image source side than its 
width on the rear face side and is arranged along the Screen 
face; and the method comprising the steps of 

shaping the unit prism shaped portions with a resin; 
forming the reflecting layer at portions each corresponding 

to each apex portion of the generally wedge-like shapes 
of the formed unit prism shaped portions; and 

forming the light absorbing portions after forming the 
reflecting layer. 

2. The method according to claim 1, wherein 
the reflecting layer is formed only on an apex portion of 

each wedge-like shape of the unit prism shaped portions. 
3. The method according to claim 1, wherein 
each of the unit prism shaped portions has a first prism face 

and a second prism face, which are unsymmetrical to 
each other. 

4. The method according to claim 3, wherein 
the first prism face is formed of a single face; and 
the second prism face is formed of two types of faces. 
5. The method according to claim 4, wherein 
the first prism face is formed of a single plane; 
the second prism face is formed of two types of planes 

comprising a first plane formed near to the rear face, and 
a second plane formed nearer to the image source than 
the first plane; 

the first plane of the second prism face is formed of a plane 
symmetrical to the first prism face; and 

the angle defined by the second plane of the second prism 
face and the normal line to the screen face is larger than 
the angle defined by the first plane of the second prism 
face and the normal line to the screen face. 
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6. The method according to claim 1, further including: 
a combined body comprising: 

a plurality of additional unit prism shaped portions 
extending along the direction orthogonal to the direc 
tion along which the unit prism shaped portions 
extend; and 

additional light absorbing portions each arranged 
between each adjacent pair of the additional unit 
prism shaped portions is laminated on the combined 
body comprising the plurality of unit prism shaped 
portions and the light absorbing portions each 
arranged between each adjacent pair of the unit prism 
shaped portions. 

7. The method according to claim 1, wherein 
the step of forming the light absorbing portions comprises: 

fillingamaterial for forming the light absorbing portions 
between each adjacent pair of the unit prism shaped 
portions by wiping. 

8. A method of manufacturing a reflecting screen adapted 
to reflect image light projected from an image source and 
including a screen face; the reflecting screen including light 
transmitting portions which can transmit light, and light 
absorbing portions adapted to absorb light, wherein the light 
transmitting portions and the light absorbing portions are 
formed to alternately extend along the screen face, and 
wherein a reflecting layer adapted to reflect the image light, 
which has been transmitted through the light transmitting 
portions, is provided at least on a rear face side of each light 
transmitting portion, and each light transmitting portion com 
prises a unit prism shaped portion which in a cross section 
orthogonal to the screen face has a generally wedge-like 
shape with a larger width on an image source side than its 
width on the rear face side and is arranged along the Screen 
face; and the method comprising the steps of 

shaping the unit prism shaped portions with a resin; 
forming the light absorbing portions between each adja 

cent pair of the formed unit prism shaped portions; and 
forming the reflecting layer after forming the light absorb 

ing portions. 


