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(57) ABSTRACT 

In a hologram Screen for reproducing an image based on an 
output light obtained by Scattering and diffusing an image 
light from an image projector, when a white light (image 
light) is projected on the hologram Screen; and when a 
distance between two points at optional two points A and B 
on a Surface of the hologram Screen is given by 20 cm or 
less, and a value of the CIE 1976 chromaticity coordinate (u', 
v") at the point A is given by (u'a, VA) and the value of the 
CIE 1976 chromaticity coordinate (u', v) at the point B is 
given by (u', vi); the output light perpendicularly from the 
Surface of the hologram Screen has a color distribution in 
which a color difference Au'v' between two points A and B 
is derived from the following formula (1) and given by 0.06 
or less, where, the formula (1) is expressed by, 

Au'v'=(u'a-u')^+(v'A-V)''' (1) 
Further, the output light, which is output to a viewpoint 
defined by the following formula (2) from the surface of the 
hologram Screen, has the color distribution in which a color 
difference Au'v' between two points A and B is derived from 
the above formula (1) and given by 0.01 or less, where, the 
formula (2) is expressed by, 

H/2L=0.1 (2) 

in the formula (2), L is a distance between the Viewpoint and 
a center of the hologram Screen, and H is a length of the 
hologram Screen in the direction of the height. 
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HOLOGRAM SCREEN AND A METHOD OF 
PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a hologram screen 
and a method of producing the same. In particular, a first 
aspect of the present invention relates to a hologram Screen 
for reproducing an image based on an output light obtained 
by Scattering and diffusing an image light which is input 
from an image projector, and a producing method of the 
Same; a Second aspect of the present invention relates to a 
producing method of a hologram element which can be used 
as a display apparatus for displaying the image, Such as a 
Still image and an animation, by irradiating the image light 
thereto, a third aspect of the present invention relates to a 
hologram Screen and a producing method of the same; and 
a fourth aspect of the present invention relates to a hologram 
Screen for reproducing an image based on an output light 
obtained by Scattering and diffusing an image light. 
0003 2. Description of the Related Art 
0004. A hologram screen, which is formed by a hologram 
element and a transparent glass, has been widely known in 
the field of image projecting techniques. A hologram ele 
ment is of basically two types, i.e., a light-transmitting type 
and a light-reflecting type and the position of an observer 
who observes the hologram Screen is different in each type. 
0005. As representative problems to be solved in a con 
ventional hologram Screen, there are the quality of the 
image, Such as unevenness of color and brightness on the 
hologram Screen, cloudineSS and a partial non-transparent 
State on the hologram Screen, and the difficulty of preparing 
very large hologram Screen. These problems will be 
explained in detail with reference to the attached drawings 
described below. 

SUMMARY OF THE INVENTION 

0006 The first object of the present invention is to 
provide a hologram Screen, which has no unevenness of 
color on the reproduced image, and a method of producing 
the Screen 

0007. The second object of the present invention is to 
provide a method of producing a hologram Screen in which 
an observer can observe a uniformly bright image without 
change of brightness and color to a broad extent on the 
hologram Screen. 
0008. The third object of the present invention is to 
provide a hologram Screen, which has good reappearance of 
the reproduced image on the hologram Screen and which can 
realize low cost and easy production of the hologram Screen, 
and a method of producing the Screen. 
0009. The fourth object of the present invention is to 
provide a hologram Screen which has good transparency and 
no cloudy State So that the observer clearly and easily 
observe the back of the hologram Screen. 
0010. In accordance with a first aspect of the present 
invention, there is provided a hologram Screen, and a 
method of producing the Same, for reproducing an image 
based on an output light obtained by Scattering and diffusing 
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an image light from an image projector, characterized in 
that, when a white light is used as the image light and 
projected on the hologram Screen; and when a distance 
between two points at optional two points A and B on a 
Surface of the hologram Screen is given by 20 cm or less, and 
a value of the CIE 1976 chromaticity coordinate (u', v) at the 
point A is given by (u', v'A) and the value of the CIE 1976 
chromaticity coordinate (u', v) at the point B is given by 
(u's, vi); the output light, which is output perpendicularly 
from the Surface of the hologram Screen, has a color distri 
bution in which a color difference Au'v' between two points 
A and B is derived from the following formula (1) and given 
by 0.06 or less, where, the formula (1) is expressed by, 

Au'v'32(u'a-u'B)+(va-v')' (1) 
0011 Further, the output light, which is output to a 
viewpoint defined by the following formula (2) from the 
Surface of the hologram Screen, has a color distribution in 
which a color difference Au'v' between two points A and B 
is derived from the above formula (1) and given by 0.01 or 
less, where, the formula (2) is expressed by, 

HT2L=0.1 (2) 

0012 in the formula (2), L is a distance between the 
Viewpoint and a center of the hologram Screen, and H is a 
length of the hologram Screen at the direction of the height. 

0013 In a preferred embodiment, a spectral characteristic 
of the output light, which is output perpendicularly from the 
Surface of the hologram Screen, has a characteristic in which 
either a difference between peak wavelengths at the whole of 
the Surface of the hologram Screen is given by 120 nm or 
less, or a difference between half bandwidth is given by 100 
nm or less. 

0014. In another preferred embodiment, when producing 
the hologram Screen defined in claim 1 or 2 by irradiating the 
object light and the reference light onto a photosensitive 
material and by exposing the photoSensitive material, the 
photosensitive material has a thickness distribution which is 
inclined to an incident direction of the reference light. 
0015. In still another preferred embodiment, when an 
incident angle of the reference light to the photoSensitive 
material becomes larger, the thickness distribution of the 
photosensitive material becomes thicker. 

0016. In still another preferred embodiment, when the 
thickness at a center of the photosensitive material is To, and 
when thickness difference of both ends of the photosensitive 
material is AT, the following relationship, i.e., ATS0.5 To, 
is defined. 

0017. In still another preferred embodiment, the thick 
ness distribution of the photosensitive material is defined by 
the following formula (3), i.e., 

T=a (Ro-R)+To, and a-b-0' (3) 
0018 where, T is a thickness at an optional point on the 
photosensitive material, T is a thickness at the center of the 
photosensitive material, R is an incident distance of the 
reference light at the optional point on the photosensitive 
material, R is the incident distance of the reference light at 
the center on the photoSensitive material, 0 is an incident 
angle of the reference light at the center of the photoSensitive 
material, and “b' is a coefficient determined by the thickness 
of the photosensitive material and given by 0<b<1. 
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0019. In still another preferred embodiment, when pro 
ducing the hologram Screen defined in claim 1 or 2 by 
irradiating the object light and the reference light onto a 
photoSensitive material and by exposing the photoSensitive 
material, ultraViolet light is previously irradiated onto the 
photoSensitive material So as to have an energy distribution 
which is inclined to an incident direction of the reference 
light. 

0020. In still another preferred embodiment, the energy 
distribution of the ultraviolet is given by the following 
formula (4), i.e., 

0.8Es Euvs1.2E, and E=0.01(R-R)+E (4) 

0021 where, R is the incident distance of the reference 
light at the optional point on the photoSensitive material, 
EuV is an amount of energy of the ultraViolet irradiated to the 
optional point on the photosensitive material, Ro is the 
incident distance of the reference light at the center of the 
photosensitive material, and E is the amount of energy of 
the ultraviolet irradiated to the center of the photosensitive 
material. 

0022. In still another preferred embodiment, when pro 
ducing the hologram Screen defined in claim 1 or 2 by 
irradiating the object light and the reference light onto a 
photoSensitive material and by exposing the photoSensitive 
material, an incident distance of the reference light at an 
optional point of the reference light is shorter than an 
incident distance of an image light which is irradiated from 
an image projector when reproducing the image on the 
hologram Screen. 
0023. In still another preferred embodiment, when pro 
ducing the hologram Screen defined in claim 1 or 2 by 
irradiating the object light and the reference light onto a 
photoSensitive material and by exposing the photoSensitive 
material, an intensity ratio of the reference light and the 
object light is defined by a relationship of I/Is 10, on the 
whole of the Surface of the photoSensitive material, where, 
It is the intensity of the reference light, and I is the 
intensity of the object light. 

0024. In accordance with a second aspect of the present 
invention, there is provided a method for producing a 
hologram Screen formed by interfering of a reference light 
and an object light transmitted through a light diffusion 
body, and by recording the light diffusion body on a pho 
toSensitive material, characterized in that, a mirror is 
arranged approximately perpendicular to the light diffusion 
body; the photosensitive material and the light diffusion 
body are rotated by the same angle 0 around an axis which 
is intersected perpendicularly to a center of the photosensi 
tive material and used as a rotational center; and a polarized 
direction of a laser light is defined by either P-polarization 
or S-polarization which is inclined by the angle in the range 
of 0-5 to 0+5. 

0.025 In accordance with a third aspect of the present 
invention, there is provided a hologram Screen for repro 
ducing an image based on an output light obtained by 
Scattering and diffusing an image light from an image 
projector, characterized in that, a half bandwidth of a spec 
tral characteristic of the hologram Screen is given by 100 nm 
or more; a diffusion light which is obtained by a light 
diffusion body having a large light diffusion angle is used as 
an object light; a non-diffusion light is used as a reference 

Oct. 30, 2003 

light; and the object light and the reference light are irradi 
ated on a photoSensitive material in order to form an 
interference fringe So that a hologram element is produced. 
0026. In a preferred embodiment, the light diffusion 
angle of the hologram Screen is defined by an angle in which 
the light diffusion angle of the hologram screen is 100 or 
OC. 

0027. In another preferred embodiment, a half bandwidth 
of a spectral characteristic of the hologram Screen is given 
by 100 nm or more; a diffusion light which is obtained by a 
light diffusion body is used as an object light, a non 
diffusion light is used as a reference light; and the object 
light and the reference light are irradiated on a photosensi 
tive material having the thickness of 1 to 20 um in order to 
form an interference fringe So that a hologram element is 
produced. 
0028. In still another preferred embodiment, a peak 
wavelength of the hologram Screen is either 525 nm or less, 
or 585 nm or more; a half bandwidth of a spectral charac 
teristic of the hologram screen is 100 nm or more; a diffusion 
light which is obtained by a light diffusion body is used as 
an object light; a non-diffusion light is used as a reference 
light; the object light and the reference light are irradiated on 
a photoSensitive material in order to form an interference 
fringe, and a refractive index of the photosensitive material 
is adjusted So that a hologram element is produced. 
0029. In still another preferred embodiment, the diffusion 
light which is obtained by the light diffusion body is used as 
the object light; the non-diffusion light is used as the 
reference light; the object light and the reference light are 
irradiated on the photoSensitive material in order to form the 
interference fringe, and a heat treatment is performed for the 
photosensitive material in the extent of 80 to 150° C. So that 
a hologram element is produced. 
0030. In still another preferred embodiment, the diffusion 
light which is obtained by the light diffusion body is used as 
the object light; the non-diffusion light is used as the 
reference light; a Sum of an exposure intensity of the object 
light and the exposure intensity of the reference light is 
defined in the extent of 0.02 to 50 mW/cm; the object light 
and the reference light are irradiated on the photoSensitive 
material in order to form the interference fringe So that a 
hologram element is produced. 

0031. In still another preferred embodiment, the diffusion 
light which is obtained by the light diffusion body is used as 
the object light; the non-diffusion light is used as the 
reference light; an intensity ratio (R/O) of the intensity (O) 
of the object light and the intensity (R) of the reference right 
is defined by 0.1 to 30; and the object light and the reference 
light are irradiated on the photoSensitive material in order to 
form the interference fringe So that a hologram element is 
produced. 

0032. In still another preferred embodiment, a peak 
wavelength of the hologram Screen is either 525 nm or less, 
or 585 nm or more; a diffusion light which is obtained by a 
light diffusion body is used as an object light, a non 
diffusion light is used as a reference light; the object light 
and the reference light are irradiated on a photoSensitive 
material in order to form an interference fringe, and a 
thickness of of the photosensitive material is adjusted So that 
a hologram element is produced. 
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0033. In still another preferred embodiment, a peak 
wavelength of the hologram Screen is either 525 nm or less, 
or 585 nm or more; a diffusion light which is obtained by a 
light diffusion body is used as an object light, a non 
diffusion light is used as a reference light; an incident angle 
0 of the reference light to a photosensitive material is 
different from an incident angle 0 of the image light to the 
hologram Screen; and the object light and the reference light 
each having the above different angle are irradiated on the 
photoSensitive material in order to form an interference 
fringe So that a hologram element is produced. 
0034. In still another preferred embodiment, an amount 
of angle correction which indicates a difference between the 
incident angle 0, and the incident angle 0 is defined by the 
extent of -5 to +50. 

0035) In still another preferred embodiment, a half band 
width of a spectrum characteristic of the hologram Screen is 
given by 100 nm or more; a diffusion light which is obtained 
by a light diffusion body is used as an object light; a 
non-diffusion light is used as a reference light; and a 
plurality of object lights each having different angle are 
irradiated on a photosensitive material in order to form an 
interference fringe So that a hologram element is produced. 
0036). In accordance with a third aspect of the present 
invention, there is provided a hologram Screen for repro 
ducing an image based on an output light obtained by 
Scattering and diffusing an image light from an image 
projector, characterized in that, a haze ratio is given by 5 to 
60%. 

0037. In a preferred embodiment, a screen gain of the 
hologram Screen is given by 0.3 or more. 
0.038. In another preferred embodiment, an intensity ratio 
E/E of the intensity E of the object light and the intensity 
E of the reference light is changed in accordance with a 
Scattering angle of the light diffusion body. 
0039. In still another preferred embodiment, when the 
Scattering angle of the light diffusion body is Set to a large 
angle, the intensity ratio E/E is set to a Small value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0040 FIG. 1 is a view for explaining use state of a 
hologram Screen according to a first embodiment of a first 
aspect of the present invention; 
0041 FIG. 2 is a view for explaining optional two points 
A and B on the Surface of the hologram Screen shown in 
FIG 1: 

0.042 FIG. 3 is an explanatory view for checking a 
Spectral characteristic of an output light which is output 
perpendicularly from each of points (1) to (3) on the 
hologram Screen in the first embodiment; 
0.043 FIG. 4 is a view for explaining a formula which 
derives X in the first embodiment; 
0044 FIG. 5 is an explanatory view for checking 
unevenness of color in the first embodiment; 
004.5 FIG. 6 is a graph for explaining a result of test of 
unevenness of color in the first embodiment; 
0.046 FIG. 7 is an explanatory view for checking the 
Spectral characteristic of the output light which is output 
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downward with an angle "g" from each of points (1) to (3) 
on the hologram Screen in the first embodiment; 
0047 FIG. 8 is an explanatory view for checking the 
Spectral characteristic of the output light toward the view 
point in the Second embodiment; 
0048 FIG. 9 is an explanatory view for checking the 
Spectral characteristic of the output light which is output 
downward with the angle "g" from the perpendicular direc 
tion to the view point on the Surface of the hologram Screen 
in the Second embodiment; 
0049 FIG. 10 is an explanatory view for an exposure 
optical System according to a third embodiment in the first 
aspect of the present invention; 
0050 FIG. 11 is an explanatory view for an essential 
parts of the exposure optical System in the third embodi 
ment, 

0051 FIG. 12 is a graph for explaining thickness distri 
bution of the photosensitive material of a Sample 1 and 
comparing Sample C1 in the third embodiment; 
0052 FIG. 13 is a graph for explaining the spectral 
characteristic of the hologram Screen for the Sample 1 in the 
third embodiment; 
0053 FIG. 14 is a graph for explaining the spectral 
characteristic of the hologram Screen for the comparing 
sample 1 in the third embodiment; 
0054 FIG. 15 is an explanatory view for irradiation of an 
ultraViolet to the photoSensitive material according to a 
fourth embodiment; 
0055 FIG. 16 is a graph for explaining an amount of the 
ultraViolet to the photosensitive material; 
0056 FIG. 17 is a graph for explaining an amount of 
absorption of the light having the wavelength of 514 nm on 
the photosensitive material after irradiation of the ultraviolet 
in the fourth embodiment; 
0057 FIG. 18 is a view for explaining the relationship 
between the amount of absorption of the light (wavelength 
of 514 nm) and the amount of irradiation of the ultraviolet 
in the fourth embodiment; 
0058 FIG. 19 is a graph for explaining the relationship 
between the peak wavelength and the amount of irradiation 
of the ultraviolet in the spectral characteristic of the holo 
gram Screen obtained by the photoSensitive material after 
irradiation of the ultraviolet in the fourth embodiment; 
0059 FIG. 20 is an explanatory view for reduction of 
irradiation distance of the reference light according to a fifth 
embodiment; 

0060 FIG. 21 is an explanatory view for an incident 
angle 0 of the object light which is input from a point X1 
of the light diffusion body to a point X2 of the photosensitive 
material; 
0061 FIG. 22 is an explanatory view for the incident 
angle 0, of the image light which is input to a pointy on the 
hologram Screen, and an output angle 0 of of the output 
light which is diffracted y the hologram Screen; 
0062 FIG. 23 is a graph for explaining the relationship 
between a reduced amount of the incident distance of the 
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reference light, and the peak wavelength at the Spectral 
characteristic of each hologram Screen after reduction of the 
incident distance; 

0.063 FIG. 24 is a graph for the spectral characteristic of 
the hologram Screen having the reduced amount of -700 mm 
in the fifth embodiment; 

0.064 FIG. 25 is a graph for explaining the relationship 
between the reduced amount of the incident distance of the 
reference light, and the maximum color difference on the 
hologram Screen after reduction in the fifth embodiment; 
0065 FIG. 26 is an explanatory view for the essential 
parts of the exposure optical System having a convex lens 
which is arranged between an object lens and the photosen 
Sitive material in order to reduce the incident distance of the 
reference light according to a sixth embodiment; 
0.066 FIG. 27 is an explanatory view for the essential 
parts of the exposure optical System having a concave lens 
which is arranged between an object lens and the photosen 
Sitive material in order to reduce the incident distance of the 
reference light in the sixth embodiment: 
0067 FIG.28 is an explanatory view for configuration of 
the reference light and the object light which are input to the 
photoSensitive material; 
0068 FIG. 29 is a graph for explaining the relationship 
between the intensity I/I and the maximum color differ 
ence in the Seventh embodiment: 

0069 FIG. 30 is an explanatory view for the exposure 
optical System according to a first embodiment of the Second 
aspect of the present invention; 

0070 FIG.31 is a perspective view of the light diffusion 
body in the first embodiment; 
0071 FIG. 32 is an essential view of the light diffusion 
body in the first embodiment; 

0072 FIG.33 is a plane view of the light diffusion body 
in the first embodiment; 

0073 FIG. 34 is an explanatory view of the hologram 
Screen in the first embodiment; 

0074 FIG. 35 is an explanatory view of the display 
apparatus using the hologram Screen in the first embodi 
ment, 

0075 FIGS. 36A and 36B are explanatory views for 
explaining connection method of the hologram Screen in the 
first embodiment; 

0076 FIG. 37 is an explanatory view for position of the 
light diffusion body and the reference light when exposing 
the photoSensitive material; 

0077 FIG. 38 is a plane view for the photosensitive 
material, the light diffusion body and the reference light 
which are observed from the Z-axis direction of FIG. 37; 

0078 FIG. 39 is a plane view for explaining rotated state 
of the photosensitive material of FIG. 38, the light diffusion 
body and the reference light; 

007.9 FIG. 40 is a plane view for the relationship 
between the light diffusion unit and the polarized direction; 
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0080 FIG. 41 is a plane view for rotated state of the light 
diffusion unit of FIG. 40; 
0081 FIG. 42 is an explanatory view for the polarized 
direction of the object light Oa transmitted through the light 
diffusion unit, and the object light Ob reflected by the 
mirror; 
0082 FIG. 43 is an explanatory view for the relationship 
between the object light Ob of FIG. 42 and the reference 
light at the optical System; 
0083 FIG. 44 is an explanatory view for an observing 
method of the hologram Screen in the Second embodiment of 
the Second aspect of the present invention; 
0084 FIG. 45 is an explanatory view for a measuring 
method of the hologram Screen in the Second embodiment; 
0085 FIG. 46 is a graph for the relationship between 
measuring points and brightness on the hologram Screen in 
the Second embodiment; 
0.086 FIG. 47 is a graph for the relationship between 
measuring points and chromaticity coordinate (u') on the 
hologram Screen in the Second embodiment; 
0087 FIG. 48 is a graph for the relationship between 
measuring points and chromaticity coordinate (v) on the 
hologram Screen in the Second embodiment; 
0088 FIG. 49 is a graph for the relationship between 
measuring points and brightness on the hologram Screen 
(compared example) in the Second embodiment; 
0089 FIG. 50 is a graph for the relationship between 
measuring points and chromaticity coordinate (u') on the 
hologram Screen (compared example) in the Second embodi 
ment, 

0090 FIG. 51 is a graph for the relationship between 
measuring points and chromaticity coordinate (v) on the 
hologram Screen (compared example) in the Second embodi 
ment, 

0091 FIG. 52 is an explanatory view for the exposure 
optical System as another example; 
0092 FIG. 53 is an explanatory view for the essential 
parts of the exposure optical System according to a first 
embodiment of the third aspect of the present invention; 
0093 FIG. 54 is an explanatory view for the object light, 
the reference light and the photoSensitive material in the 
exposure optical System in the first embodiment shown in 
FIG. 53; 
0094 FIG. 55 is an explanatory view for the exposure 
optical System according to the first embodiment; 
0.095 FIG. 56 is an explanatory view for the display 
apparatus using the hologram Screen according to the first 
embodiment of the present invention; 
0096 FIG. 57 is a graph for the relationship among the 
number of double-faced ground glass, the output angle from 
the light diffusion body, and the intensity ratio in the first 
embodiment; 
0097 FIG. 58 is a graph for the relationship between the 
light Scattering angle of each light diffusion body and the 
half bandwidth of the hologram element in the first embodi 
ment, 
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0.098 FIG. 59 is a graph for the relationship between the 
light diffusion angle of each light diffusion body and the 
light diffusion angle of the hologram element in the first 
embodiment; 
0099 FIG. 60 is an explanatory view for a measuring 
method of the Spectrum of the hologram; 
0100 FIG. 61 is a graph for the relationship among the 
half bandwidth, the peak wavelength, and the peak effi 
ciency in the Spectrum of the hologram; 
0101 FIG. 62 is a graph for the relationship among the 
half bandwidth, an evaluation level, and the number of 
observers in the spectrum of the hologram; 
0102 FIG. 63 is a graph for the relationship between the 
half bandwidth and the evaluation level in the spectrum of 
the hologram; 
0103 FIG. 64 is a graph for the relationship between 
thickness of the photosensitive material and the half band 
width in the second embodiment of the second aspect of the 
present invention; 
0104 FIG. 65 is a graph for the relationship between the 
thickness of the photoSensitive material and the peak effi 
ciency in the Second embodiment; 
0105 FIG. 66 is a graph for the relationship between the 
intensity R/O and the half bandwidth in the third embodi 
ment, 

0106 FIG. 67 is a graph for the relationship between the 
intensity R/O and the efficiency in the third embodiment; 
0107 FIG. 68 is a graph for the relationship between a 
Spectral luminous efficiency and the wavelength in the 
fourth embodiment; 
0108 FIG. 69 is a graph for the relationship between the 
efficiency and the wavelength in the spectrum of the holo 
gram in the fourth embodiment; 
0109 FIG. 70 is a graph for the spectrum of the holo 
gram when R/O is 2, and when the peak wavelength is 547 
nm, in the fourth embodiment; 
0110 FIG. 71 is a graph for the relationship between the 
spectrum of FIG. 69 and the spectrum of FIG. 70 in the 
fourth embodiment; 
0111 FIG.72 is a graph for the spectrum of the hologram 
when R/O is 5, and when the peak wavelength is 460 nm, in 
the fourth embodiment; 
0112 FIG. 73 is a graph for the relationship between the 
spectrum of FIG. 69 and the spectrum of FIG. 72 in the 
fourth embodiment; 
0113 FIG. 74 is a graph for the relationship between the 
amount of angle correction and the peak efficiency in the 
fifth embodiment; 

0114 FIG. 75 is an explanatory view for the essential 
parts of the exposure optical System in the Six embodiment; 
0115 FIG. 76 is an explanatory view for a measuring 
method of the Scattering extent of the object light in the Sixth 
embodiment; 
0116 FIG. 77 is a graph for the scattering extent of the 
object light in the sixth embodiment; 

Oct. 30, 2003 

0117 FIG. 78 is a graph for the relationship between a 
sum of the exposure intensity and the half bandwidth in the 
Seventh embodiment; 
0118 FIG. 79 is a graph for the relationship between the 
Sum of the exposure intensity and the peak wavelength in the 
Seventh embodiment; 
0119 FIG.80 is a graph for the relationship between the 
heating temperature and the peak wavelength in the eighth 
embodiment; 
0120 FIG. 81 is a graph for the relationship between the 
heating temperature and the half bandwidth in the eighth 
embodiment; 
0121 FIG. 82 is a graph for the relationship between the 
heating time and the half bandwidth in the eighth embodi 
ment, 

0.122 FIG. 83 is an explanatory view for a reducing 
method of the thickness of the hologram element by using a 
laminator; 

0123 FIG. 84 is a graph for the relationship between the 
efficiency and the wavelength in the spectrum of the holo 
gram, 

0.124 FIG. 85 is an explanatory view for the relationship 
between a showroom and the hologram Screen according to 
a first embodiment of the fourth aspect of the present 
invention; 

0.125 FIG. 86 is a graph for the relationship between a 
haze ratio and the number of observers, i.e., evaluation level 
when reading characters on the Screen by observers in the 
first embodiment; 

0.126 FIG. 87 is a graph for the relationship between the 
haze ratio and the number of observers, i.e., evaluation level 
of cloudineSS on the Screen in the first embodiment; 
0127 FIG. 88 is an explanatory view for the exposure 
optical system in the second embodiment of the fourth 
invention; 

0128 FIG. 89 is a graph for the relationship between the 
output angle of the diffusion body and the intensity ratio at 
various Scattering angles in the Second embodiment; 
0129 FIG. 90 is a graph for the relationship between the 
intensity ratio E/E and the haze ratio at various Scattering 
angles of the light diffusion body in the Second embodiment; 
0130 FIG.91 is a graph for the relationship between the 
Scattering angle of the light diffusion body and the intensity 
ratio E/E at the different haze ratio in the Second embodi 
ment, 

0131 FIG. 92 is a graph for the relationship between the 
intensity ratio E/E and the haze ratio at various Scattering 
angles of the light diffusion body in the Second embodiment; 
0132 FIG. 93 is a graph for the relationship between the 
intensity ratio E/E and the haze ratio when using the light 
diffusion body having the scattering angle of 36 in the 
Second embodiment; 
0133 FIG. 94 is a graph for the relationship between the 
Scattering angle of the light diffusion body and the intensity 
ratio E/E when producing the hologram Screen having the 
haze ratio of 5% in the second embodiment; 
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0134 FIG.95 is a graph for the relationship between the 
intensity ratio E/E and a diffraction efficiency mc of the 
normal interference fringe at the hologram Screen which is 
produced by using the light diffusion body having the 
Scattering angle of 36 in the Second embodiment; 
0135 FIG. 96 is an explanatory view for a measuring 
method of the diffraction efficiency in the second embodi 
ment, 

0.136 FIG. 97 is a graph for the reproduced wavelength 
and the transmission ratio in order to calculate the diffraction 
efficiency; 
0137 FIG. 98 is a graph for the relationship between the 
Scattering angle of the light diffusion body and the intensity 
ratio E/E in the Second embodiment; 
0138 FIG. 99 is a graph for the relationship between the 
Scattering angle of the light diffusion body and the Screen 
gain in the Second embodiment; 
0139 FIG. 100 is a graph for the relationship between 
the amount of exposure and the diffraction efficiency mc of 
the interference fringe in the Second embodiment; 
0140 FIG. 101 is a graph for the relationship between 
the amount of exposure and the haze ratio of the hologram 
Screen in the Second embodiment; 
0141 FIG. 102 is a graph for the relationship between 
the thickness of the photoSensitive material and the haze 
ratio of the hologram Screen in the Second embodiment; 
0142 FIG. 103 is an explanatory view for the beam of 
light toward the observer from the object existing at the back 
of the light diffusion body; 
0143 FIG. 104 is an explanatory view for the beam of 
light toward the observer from the object existing at the back 
of the hologram Screen; 
014.4 FIG. 105 is an explanatory view for the diffraction 
of external light due to the interference fringe on the 
hologram Screen; 
014.5 FIG. 106 is an explanatory view when forming the 
interference fringe on the photoSensitive material; 
0146 FIG. 107 is an explanatory view when forming the 
“Fresnel noise” on the photosensitive material; 
0147 FIG. 108 is a graph for the relationship between 
the output angle and the intensity of output light at the 
normal light diffusion body and the hologram Screen; 
0148 FIG. 109 is an explanatory view in the case when 
a plurality of object lights and one reference light are 
irradiated to the same position on the photoSensitive mate 
rial; 
0149 FIG. 110 is an explanatory view for the display 
apparatus using the transmission type hologram Screen; 
0150 FIG. 111 is an explanatory view for the display 
apparatus using the reflection type hologram Screen; 
0151 FIG. 112 is an explanatory view for indicating a 
basic structure of the transmission type hologram Screen; 
and 

0152 FIG. 113 is an explanatory view for indicating a 
basic Structure of the reflection type hologram Screen. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0153. Before explaining preferred embodiments of the 
present invention, the conventional arts and their problems 
will be explained in detail with reference to the attached 
drawings. 

0154 FIG. 1 is an explanatory view of the use of a 
hologram Screen. In the drawing, an observer 18 watches a 
hologram Screen 11, and an image projector 112 is arranged 
to an upper location at the back of the hologram Screen 11. 
An image light 1120 is irradiated from the image projector 
112 to the hologram screen 11. The image light 1120 is 
scattered and diffused by the hologram screen 11 to the 
observer's side so as to obtain an output light 1121. The 
image can be reproduced by the output light 1121. 
O155 On the other hand, it is possible to constitute the 
hologram Screen 11 by using a transparent material. In the 
case of the transparent hologram Screen, the observer can 
observe not only the image reproduced on the hologram 
screen 11, but also an object 119 located at the back of the 
hologram Screen 11. AS mentioned above, the hologram 
Screen 11 can be widely utilized as a display apparatus 
having very good Visual effect. 
0156 The hologram screen 11 can be produced by using 
an exposure optical system 12 shown in FIG. 10 which is 
explained in detail below. Briefly, a laser oscillator 1210 
generates a laser beam, and the laser beam is splitted by a 
beam splitter 1211. One light 1212 is irradiated to a light 
diffusing body 1216 through an object tens 1222 and a 
parabolic mirror 1214. The diffusion light from the light 
diffusing body 1216 is used as an object light 1217. On the 
other hand, the other light 1213 from the beam splitter 1211 
is used as a reference light 1218 through an object lens 1221. 
0157. The object light 1217 and the reference light 1218 
are irradiated on a photosensitive material 1220 So that an 
interference fringe formed by these lights 1217 and 1218 is 
recorded on the photosensitive material 1220. As a result, 
the light diffusing body 1216 is recorded on the photosen 
sitive material 1220. When the image light 1120 (see FIG. 
1) is irradiated, the light diffusing body 1216 is reproduced. 
Then, the diffusing light is output from the light diffusing 
body 1216, and at the same time, the image light 1120 is 
diffracted and Scattered on the hologram Screen 11 So that it 
is possible to reproduce the image on the hologram Screen 
11. 

0158. In the exposure optical system 2 in FIG. 10, an 
incident angle 0 of the reference light 1218 to a center 1229 
of the photosensitive material 1220 and an incident distance 
Roo of the reference material 1220 are approximately equal 
to an incident angle fo of the image light 1120 to the 
hologram Screen 11 and an incident distance F of the image 
light 1120 in FIG. 1. 
0159. However, when the image is reproduced by the 
conventional hologram Screen, for example, although 
approximately the same color tone as the image light can be 
obtained at the center of the hologram Screen, the color tone 
becomes more blue than the image light at the upper portion 
of the hologram Screen, and becomes more yellow than the 
image light at the lower portion of the hologram Screen (see 
COMPARING SAMPLE C1 in the third embodiment). That 
is, in the conventional art, it is impossible to reproduce 
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uniformly the color of the image light on all areas of the 
hologram Screen. That is, there is a problem in which an 
unnatural image which gives large feeling of difference to 
the observer is reproduced in the conventional art. 
0160 Accordingly, the first invention aims to provide a 
hologram Screen which can eliminate unevenness of color 
on the reproduced image, and a producing method of the 
hologram Screen as explained in detail below. 
0.161 Explanations of the First Aspect of the Present 
Invention 

0162 According to the invention defined in claim 1, in 
the hologram Screen for reproducing the image based on the 
output light by Scattering and diffusing the image light 
which is irradiated from the image projector, when a white 
light is projected on the hologram Screen as the image light, 
and when a value on the CIE 1976 chromaticity coordinate 
(u', v) is (u'a, v'A) and (u', v) at optional two points A and 
B having the distance of 20 cm or less between two points 
on the hologram Screen, 

0163 the hologram screen is characterized in that 
the output light which is output perpendicularly from 
the Surface of the hologram Screen has color distri 
bution in which the color difference Au'v' between 
two points A and B and delivered from the following 
formula (1) becomes 0.06 or less. 

0164 where, the formula (1) is expressed by, 
Au'v'=(u'a-u") --(v'A-v'))' (1) 

0.165. As mentioned above, A and B are optional two 
points on the Surface of the hologram (i.e., the side in which 
the output light is output), and the distance between two 
points is 20 cm or less (see FIG. 2). The color difference at 
two points can be obtained from the chromaticity coordinate 
at two points. When the color difference is larger than 0.6, 
unevenness of color may occur on the reproduced image. 
Further, it is preferable that the color difference is nearly 
Zero. That is, when the color difference is brought near to 
Zero, it is possible to almost eliminate unevenness of color 
of the image. In this case, the CIE 1976 chromaticity 
coordinate (u', v) indicates a value on an Orthogonal coor 
dinate of u' and v' which is obtained from the UCS chro 
maticity coordinate defined by the CIE. 
0166 The operation of the first aspect of the present 
invention will be explained below. 
0167 The important point in the first aspect of the present 
invention lies in that the output light has the color distribu 
tion in which the color difference Au'v' between optional two 
points A and B having the distance of 20 cm or less becomes 
0.06 or less. The maximum color difference of the output 
light is 0.06 in the present invention, and the difference of 
the color between the output lights irradiated from each 
portion is Small. Accordingly, the output light from any 
position on the hologram Screen has an approximately 
uniform color tone So that it is possible to obtain the output 
light in which the color of the image light is considered. AS 
a result, it is possible to prevent unevenness of color on the 
hologram Screen, Such as a blue portion at the upper on the 
Screen and a yellow portion at the lower on the Screen, when 
reproducing the image. 
0168 The hologram screen of the first aspect of the 
present invention can reproduce the color of the image light 
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irradiated on the Screen, and it is possible to reproduce the 
image having no feeling of difference for the observer. 
Accordingly, the hologram Screen according to the first 
aspect of the present invention can be widely utilized as the 
Screen of various image display apparatus. Further, Since it 
is easy to constitute the hologram Screen by using the 
transparent material, the present invention can be utilized as 
a display apparatus for displaying both image on the holo 
gram Screen and image transmitted from the back. Further, 
when the image is not displayed on the hologram Screen, it 
is possible to utilize a screen in which the view field is not 
cut off (i.e., the view field can see through the hologram 
Screen because of the transparent material). 
0169. The hologram screen according to the first inven 
tion can be utilized as a Screen for advertisement provided 
for various show windows or a Screen for navigation System 
provided in a vehicle, etc. Further, as the image projecting 
apparatus 112, it is possible to utilize various projectors and 
liquid crystal projectors. Still further, as the image light, it is 
possible to utilize various advertisements and environmental 
images without kinds of images. Still further, regarding the 
color difference, it is preferable to satisfy the color differ 
ence not only in the case of the front of the hologram Screen 
(see FIG. 3), but also in the cases of upper, lower, left and 
right directions of the hologram Screen. 

0170 According to the invention defined in claim 2, the 
hologram Screen is characterized in that the output light 
output from the Surface of the hologram Screen to a View 
point provided based on the following formula (2) has color 
distribution in which the color difference Au'v' between two 
points A and B and delivered from the above formula (1) 
becomes 0.1 or less. 

0171 where, the formula (2) is expressed by, 
H/2L=0.1 (2) 

0172 In this case, L is the distance between the viewpoint 
and the center of the hologram Screen, and H is a height of 
the hologram Screen itself. 

0173 When the color difference is larger than 0.1, 
unevenness of color may occur on the reproduced image. 
Further, it is preferable that the color difference is nearly 
Zero. That is, when the color difference is brought near to 
Zero, it is possible to almost eliminate unevenness of color 
of the image. The maximum color difference of the output 
light toward the viewpoint determined based on the formula 
(2) is 0.1, and the difference of the color between each 
output lights is Small. Accordingly, when the image light has 
a single color, the output light generated from any portion on 
the hologram Screen has approximately the same color tone 
each other. As a result, it is possible to obtain the output light 
in which the color of the image light is reflected. AS 
mentioned above, as a result, it is possible to prevent 
unevenness of color on the hologram Screen, Such as a blue 
portion at the upper on the Screen and yellow portion at the 
lower on the Screen, when reproducing the image. 

0.174. According to the invention defined in claim 3, it is 
preferable that, as the Spectral characteristic of the output 
light which is output perpendicularly from the Surface of the 
hologram Screen, either the difference in peak wavelengths 
at all areas of the hologram Screen is 120 nm or less, or the 
difference in half bandwidth is 100 nm or less. 



US 2003/0202228A1 

0175 When the difference in the peak wavelength is 
larger than 120 nm, the output light from the hologram 
Screen is constituted by the light having more wide range of 
the wavelength. As a result, the difference of the color on the 
hologram Screen become large So that unevenneSS of color 
easily occurs in the reproduced image. Further, it is prefer 
able that the difference in the peak wavelength is nearly Zero. 
0176). When the half bandwidth is larger than 100 nm, the 
wavelength distribution of the output light from the holo 
gram Screen becomes narrow, and the wavelength distribu 
tion from another portion becomes wide. That is, the output 
light from the hologram Screen is constituted by the light 
having more wide range of the wavelength So that the 
difference in the color becomes large and unevenness of 
color easily occurs in the reproduced image. Further, it is 
preferable that the difference in the half bandwidth is nearly 
ZCO. 

0177. In the above explanation, the description “the dif 
ference in peak wavelengths at all areas of the hologram 
Screen is 120 nm or less” means that, when collecting the 
Spectral characteristics of the output light from the hologram 
Screen, the difference in the peak wavelength between one 
Spectral characteristic having longest peak wavelength and 
another spectral characteristic having Shortest peak wave 
length is 120 nm. 
0.178 Regarding the half bandwidth, the description “the 
difference in half bandwidth is 100 nm or less” means that 
the difference in half bandwidth between one spectral char 
acteristic having the most wide half band and another 
Spectral characteristic having the most narrow half band is 
100 nm. 

0179 According to the invention defined in claim 4, in 
the exposure optical System using the object light and the 
reference light, the object light being the diffusion light 
obtained by using the light diffusion body and the reference 
light being a non-diffusion light, the hologram Screen 
defined in claim 1 or 2 is produced by irradiating the object 
light and the reference light onto the photoSensitive material 
in order to expose the photoSensitive material. 
0180. At that time, a method of producing the hologram 
Screen according to the present invention is characterized in 
that the photoSensitive material having a thickness distribu 
tion which is inclined to the incident direction of the 
reference light (see 1220 in FIG. 11). This means that the 
thickness of the photosensitive material is different between 
the upper portion and the lower portion. In this case, the 
incident direction of the reference light is indicated by the 
directions (1), (2) and (3) in FIG. 11. 
0181. In this case, there is a known fact that the half 
bandwidth becomes wider in the spectral characteristic of 
the hologram Screen made by the thin photoSensitive mate 
rial, and the spectral characteristic becomes broader. This is 
obvious from the following logical formula for defining the 
half bandwidth. 

0182 where, A) is a half bandwidth, ) is a recorded 
wavelength, T is a thickness of the photoSensitive material, 
n is a refractive index of the photosensitive material, and 0. 
is an incident angle of the reference light. 
0183 The spectral characteristic of the hologram screen 
made by the photoSensitive material having the uniform 
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thickness in a conventional art is shown in FIG. 14. In this 
Spectral characteristic, the half bandwidth becomes broader 
in order of (1)->(2)->(3). For example, when putting all 
spectral characteristics into the spectral characteristic (2), 
the photosensitive material for the spectral characteristic (1) 
having a narrow half bandwidth is thinned, and the photo 
Sensitive material for the spectral characteristic (3) having a 
broad half bandwidth is thickened. 

0.184 As mentioned above, it is possible to obtain the 
hologram Screen having the uniform spectral characteristic 
by providing the photosensitive material having the different 
thickness between the upper portion and the lower portion. 
0185. In this case, the difference in the color of the output 
light from each portion of the hologram becomes Small So 
that it is possible to obtain the output light having almost the 
Same color tone. 

0186 AS is obvious from the above, according to the 
invention defined in claim 4, as well as the invention defined 
in claims 1 and 2, it is possible to provide a producing 
method of the hologram Screen having no unevenness of 
color in the reproduced image. Further, the present invention 
has the same effect as the above, for not only the incident 
direction of the reference light, but also an orthogonal 
direction, i.e., the right and left directions when reproducing 
the image on the hologram Screen. 
0187. As the photosensitive material, it is possible to 
utilize various materials, for example, various kinds of 
photopolymers, a dichromated gelatin, a Silver Salt, etc. 
Further, as the light diffusion body, it is possible to utilize 
any kinds of materials, for example, a ground glass, an opal 
glass, etc. 

0188 Next, according to the invention defined in claim 5, 
as the photoSensitive material, it is preferable to use the 
material in which the larger the incident angle of the 
reference light, the larger the thickness distribution. 
0189 As shown in FIG. 11, the incident angle 0 of the 
reference light 1218 in the exposure optical System becomes 
Small at the location near to a divergence point 1221 of the 
reference light, and becomes large at the location apart from 
the divergence point 1221. That is, the incident angle 0 is 
the Smallest, and the incident angle 0 is the largest, as 
shown in the drawing. Accordingly, in the method defined in 
claim 5, the photoSensitive material having the thickness 
which becomes gradually thick from the location near to the 
divergence point to the location apart from the divergence 
point, is used as the hologram Screen. 

0190. When the half bandwidth of the spectrum charac 
teristic of the output light from the hologram Screen is 
widened, the wavelength distribution of the output light can 
be broadened So that it is possible to increase reappearance 
of the color of the image light. Further, it is possible to avoid 
reduction of the reappearance of the color of the image light 
caused by the difference of the peak wavelength in the 
Spectrum characteristic. 

0191 AS mentioned above, when the thickness of the 
photosensitive material becomes thin, the Spectral charac 
teristic of the output light becomes broad. That is, selectivity 
of the wavelength for the incident light becomes Small So 
that it is possible to diffract the broader wavelength (i.e., the 
half bandwidth becomes broad.). However, since the number 
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of the interference fringe which can record is reduced in the 
case of the thin photoSensitive material, the hologram Screen 
having low effectivity is obtained. 

0.192 On the other hand, when the thickness of the 
photoSensitive material becomes thick, the Selectivity of the 
wavelength becomes large (i.e., the half bandwidth becomes 
narrow.). However, since the number of the interference 
fringe which can record is increased in the photoSensitive 
material, the hologram Screen having high effectivity can be 
obtained. Accordingly, by providing the thickness distribu 
tion having different thickness at the upper portion and the 
lower portion, it is possible to arrange all spectrum distri 
butions of the hologram Screen, and to match the whole 
efficiency of the hologram Screen. In this case, the difference 
of the color of the output light from each portion of the 
hologram Screen becomes Small So that it is possible to 
obtain the output light having almost the same color tone. 

0193 According to the invention defined claim 6, it is 
preferable that the thickness distribution of the photosensi 
tive material is given by ATs 0.5 To, where, AT is a 
difference in thickness between the upper end and the lower 
end in the photoSensitive material. According to this condi 
tions, it is possible to ensure the effect of the present 
invention. If the AT is larger than 0.5 To, the range of the 
thickness distribution of the hologram Screen becomes too 
wide so that it may be very difficult to obtain the effect of 
reduction of unevenness of color. 

0194 It is preferable that an inclined degree k of the 
thickness of the photosensitive material is given by 0<ks 2x 
10. Where, the inclined degree k is given by a value when 
a primary approximation is executed to the thickness distri 
bution of the photosensitive material. When the inclined 
degree “k” of the thickness becomes larger than 10 an 
amount of shift of the peak wavelength in the Spectrum 
distribution of the output light becomes too large So that the 
difference occurs in the color of the output light and the 
improved effect of unevenneSS of color may be reduced. 

0.195 According to the invention defined in claim 7, it is 
preferable to establish the following formula (4) in the 
thickness distribution, i.e., 

0196) where, T is the thickness at optional location 
of the photoSensitive material, To is the thickness at 
a center of the photoSensitive material, R is an 
incident distance of the reference light at optional 
location of the photoSensitive material, Ro is the 
incident distance of the reference light at the center 
of the photoSensitive material, 0 is the incident 
angle of the reference light at the center of the 
photosensitive material, and “b' is a coefficient 
determined by the thickness distribution and defined 
as 0<b<1. 

0197) The photosensitive material having the thickness 
distribution Satisfying the above conditions becomes lin 
early thin from the thick portion until the thin portion. By 
using the above photosensitive material, the brightness and 
color on the image are not changed partially, and it is 
possible to obtain the hologram Screen in which, for 
example, Stripe-like unevenness of color does not occur on 
the Screen. 
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0198 In the thickness distribution, even if there is 
unevenness in the range of 15% of the thickness To at the 
center of the photosensitive material, there is no problem of 
the Stripe-like unevenness of color. 
0199 According to the invention defined in claim 8, in 
the exposure optical System using the object light and the 
reference light, the object light being the diffusion light 
obtained by using the light diffusion body and the reference 
light being the non-diffusion light, the hologram Screen 
defined in claim 1 or 2 is produced by irradiating the object 
light and the reference light onto the photoSensitive material 
in order to expose the photoSensitive material. 
0200. At that time, a method of preparing the hologram 
Screen according to the present invention is characterized in 
that the photosensitive material which is previously irradi 
ated by an ultraViolet in accordance with energy distribution 
inclined to the incident direction of the reference light is 
used as the hologram Screen. 
0201 Further, there is a material which can stop poly 
merization action of monomer by irradiating the ultraViolet 
in the photoSensitive material. For this material, it is possible 
to reduce the Sensitivity by previously irradiating the ultra 
Violet having the intensity in which the polymerization 
action of the monomer is not completely stopped. 
0202) According to the invention defined in claim 9, it is 
preferable to satisfy the following formula (5) as the energy 
distribution of the ultraViolet regarding the incident distance 
R of the reference light at the optional location on the 
photosensitive material. 

0.8Es Euvs1.2E, and E=0.01-(R-R)+Eo (5) 
0203 where , Euv is an amount of energy of the 
ultraViolet irradiated to the optional location on the 
photoSensitive material, Ro is an incident distance of 
the reference light at the center of the photoSensitive 
material, and Eo is an amount of energy of the 
ultraviolet irradiated to the center of the photosen 
Sitive material. As a result, it is possible to obtain the 
photoSensitive material having the optimum Sensi 
tivity. 

0204 According to the invention defined in claim 10, in 
the exposure optical System using the object light and the 
reference light, the object light being the diffusion light 
obtained by using the light diffusion body and the reference 
light being the non-diffusion light, the hologram Screen 
defined in claim 1 or 2 is produced by irradiating the object 
light and the reference light onto the photoSensitive material 
in order to expose the photoSensitive material. 
0205 At that time, a method of producing the hologram 
Screen according to the present invention is characterized in 
that the incident distance of the reference light at the 
optional location of the photoSensitive material is shorter 
than the incident distance of the image light input from the 
image projector when reproducing the image on the holo 
gram Screen. 

0206. The incident angle 0 and the incident distance R 
at the center of the photosensitive material when producing 
the hologram Screen is usually Set to the same value as an 
incident angle fo and an incident distance Fo at the center of 
the hologram Screen when irradiating the image light on the 
hologram Screen and reproducing the image (see FIGS. 1 
and 10). 
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0207. In the producing method according to the present 
invention, the incident distance Ro of the reference light is 
Set to the distance Shorter than the incident distance Fo So 
that it is possible to Set the incident angle of the reference 
light, except for the center of the photoSensitive material, to 
a value different from the incident angle of the image light. 

0208 That is, the incident angle of the image light 
coincides with the incident angle of the reference light at the 
center of the photoSensitive material, but, except for the 
center, the incident angle of the image is different from the 
incident angle of the reference light. At that time, the 
difference in distance of the above is changed in accordance 
with the distance from the center of the photosensitive 
material. 

0209. As shown in FIG. 20, the incident distance R is 
shortened to the incident distance Ro'at the center 1229 of 
the photosensitive material 1220. As a result, the incident 
angle 0, at the end (1) of the photosensitive material 1220 
becomes Small, and the incident angle 0 at the end (3) (a 
Side opposite to the end (1)) of the photosensitive material 
1220 becomes large. 

0210. When the incident angle of the reference light is 
different from the incident angle of the image light, there is 
known wavelength shift which is expressed by the following 
logical formula (6) in the spectrum characteristics of the 
hologram Screen. 

sin 6=sin 0+u(sin 0-sin 0), and 
Al=W/Wo (6) 

0211) As shown in FIGS. 20 and 21, 0, is the incident 
angle at the end (1) of the reference light, 0 is an incident 
angle of the object light input from the point X1 of the light 
diffusion body 1216 to the point X2 of the photosensitive 
material 1220, 2 is a wavelength of the laser used in the 
exposure. Further, as shown in FIG. 22, 2 is an incident 
angle of the image light input to the point X2 of the 
hologram Screen 11, 0, is an angle of the output light 1121 
diffracted by the hologram Screen and output toward the 
direction of the arrow, and ) is wavelength of the output 
light 1121. 

0212 From the above formula (6), the following formula 
can be obtained. 

W=WI(sin 0,-sin 0)/(sin 0-sin 0R1) 
0213 AS is obvious from the above formula, when the 
incident angle 0 of the reference light is Smaller than the 
incident angle 0 of the image light, the output light is 
shifted to a side of the long wavelength. On the other hand, 
when the incident angle 0 is larger than the incident angle 
0,, the output light is shifted to the side of the short 
wavelength. 

0214. As the hologram screen in which the incident angle 
of the reference light is equal to the incident angle of the 
image light, there is a comparing Sample C1 explained in the 
third embodiment. The Spectral characteristic of this Sample 
is shown in FIG. 14. If the spectral characteristic of this 
hologram Screen is arranged to the Spectral characteristic of 
the curve (2), the spectral characteristic of the curve (1) is 
shifted to the Side of the long wavelength and the Spectral 
characteristic of the curve (3) is shifted to the side of the 
Short wavelength. 
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0215 That is, the incident angle of the reference angle is 
Set to the angle Smaller than the incident angle of the image 
light in the spectral characteristic (1), and the incident angle 
of the reference angle is Set to the angle larger than the 
incident angle of the image light in the Spectral characteristic 
(3). This can be realized by shortening the incident distance 
of the reference light than the incident distance of the image 
light. In this case, the incident angle of the reference light is 
maintained to the same value of the incident angle of the 
image light at the center of the photoSensitive material. 
0216. As a result, since the spectral characteristic of the 
hologram Screen can be arranged in the whole, the difference 
of color of the output light from each portion of the 
hologram Screen becomes Small, and it is possible to obtain 
the output light having approximately the same color tone. 
0217. According to the invention defined in claim 11, in 
the exposure optical System using the object light and the 
reference light, the object light being the diffusion light 
obtained by using the light diffusion body and the reference 
light being the non-diffusion light, the hologram Screen 
defined in claim 1 or 2 is produced by irradiating the object 
light and the reference light onto the photoSensitive material 
in order to expose the photoSensitive material. 
0218. At that time, a method of producing the hologram 
Screen according to the present invention is characterized in 
that an intensity ratio I/I of the reference light and the 
object light has the following relationship is given by the 
following formula, i.e., IR/IS 10, where, I is the intensity 
of the reference light, and I is the intensity of the object 
light. 
0219. In this embodiment, the ratio I/I is 10 or less. 
When the intensity ratio I/I becomes large, the intensity of 
the object light becomes very weak. As a result, the disper 
Sion of the Spectral characteristic, which is caused by the 
dispersion of the intensity of the object light due to the 
location on the photosensitive material, is easy to occur on 
the hologram Screen. That is, the difference of the Spectral 
characteristic due to the intensity of the object light becomes 
large. 
0220. When the intensity of the object light becomes 
large, the Spectral characteristic becomes approximately 
constant So that the Smaller the ratio I/I the Smaller the 
difference of the Spectral characteristic. As a result, it is 
possible to arrange the Spectral characteristic in the whole of 
the hologram screen. Further, the difference of color of 
the-output light from each portion of the hologram Screen 
becomes Small So that it is possible to obtain the output light 
having approximately the same color tone. 
0221. According to the invention defined in claim 12, in 
the exposure optical System using the object light and the 
reference light, the object light being the diffusion light 
obtained by using the light diffusion body and the reference 
light being the non-diffusion light, the hologram Screen 
defined in claim 1 or 2 is produced by irradiating the object 
light and the reference light onto the photoSensitive material 
in order to expose the photoSensitive material. 
0222. At that time, a method of producing the hologram 
Screen according to the present invention is characterized by 
at least two sets of the following features (A) to (D), i.e., 

0223 (A): to use the photosensitive material having 
the thickness distribution inclined to the incident 
direction of the reference light, 
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0224 (B): to use the photosensitive material which 
is previously irradiated by the ultraViolet in accor 
dance with the energy distribution inclined to the 
incident direction of the reference light, 

0225 (C); to determine the incident distance of the 
reference light at the optional location on the pho 
toSensitive material So as to become shorter than the 
incident distance of the image light input from the 
image projector when reproducing the image on the 
hologram Screen, and 

0226 (D): to have the relationship of the ratio 
I/I-10 in the intensity of the reference light and 
the object light in the whole of the surface of the 
photoSensitive material. 

0227 According to the features (A) to (D), it is possible 
to obtain the hologram Screen having the arranged spectral 
characteristic. AS mentioned above, by performing at least 
two sets of features (A) to (D), it is possible to make the 
difference of color eye Small, and to Satisfy the desired 
hologram characteristic, although it is very difficult to real 
ize Small difference of color in the case of any one feature 
from (A) to (D) depending on the desired hologram char 
acteristic (for example, a view angle, a brightness of an 
image to be reproduced, etc.). 
0228 Explanations of Preferred Embodiments of the 
First Aspect of the Present Invention 
0229 (First Embodiment) 
0230. The first embodiment will be explained in detail 
with reference to FIGS. 1 to 7. 

0231. As shown in FIG. 1, the hologram screen 11 
reproduces the image based on the output light 1121 
obtained by Scattering and diffusing the image light 1120 
irradiated from the image projector 112. AS explained above, 
when the white light is projected on the hologram Screen 11 
as the image light, and when a value on the CIE 1976 
chromaticity coordinate (u', v) is (u'A, VA) and (u's, v'B) at 
optional two points A and B having the distance DA of 20 
cm or less between two points A and B on the hologram 
Screen, as shown in FIG. 2, 

0232 the output light 1121 output perpendicularly 
from the Surface of the hologram Screen has color 
distribution in which the color difference Au'v' 
between two points A and B and delivered from the 
above formula (1) becomes 0.06 or less. 

0233. Next, one example in use of the hologram screen 
will be explained below. As shown in FIG. 1, the image 
projector 112 is provided at the upper back of the hologram 
screen 11 for the observer 18 who observes the hologram 
screen 11. The image light 1120 is irradiated from the image 
projector 112 to the hologram Screen 11. As a result, the 
image light 1120 is scattered and diffused by the hologram 
screen 11 to the side of the observer 18 so that the output 
light 1121 is obtained and the image can be reproduced by 
the output light 1121. Further, the incident distance of the 
image light is expressed by Fo, and the incident angle of the 
image light is expressed by fo 
0234) Further, it is possible to prepare the hologram 
Screen 11 by using the transparent material. In this case, the 
observer 18 can observe not only the image reproduced by 
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the hologram screen 11, but also the object 119 at the back 
of the hologram screen 11. The hologram screen 11 in FIG. 
1 is a transmission type, but it is possible to use a reflection 
type. When the reflection type is used, the image projector 
112 is provided to the same side as the observer 18. 
0235. The hologram screen according to the first embodi 
ment was tested in accordance with the following processes. 
0236 First, the hologram screen 11 having a size of 300 
nmx400 nm was prepared. In this case, as shown in FIG. 2, 
in optional two square areas A and B (both 30 mmx30mm, 
each point A and B denotes a center of the Square area) on 
the hologram Screen 11, and the maximum color difference 
Au'v' between the points A and B is 0.01 to 0.08. 
0237) The color difference Au'v' was measured in accor 
dance with the following Steps. 
0238. As shown in FIG. 3, the white light 1130 is 
irradiated to the hologram Screen 11. In the output light 
diffracted by each point (1), (2) and (3) on the hologram 
Screen 11, in particular, the Spectrum characteristic of the 
output light, which is irradiated perpendicularly to the 
Surface of of the hologram Screen 11 at the output Side, was 
measured by a light receiving device 1179. In this case, a 
point 1139 is the location of the projector of the white light 
1130. 

0239 Further, as shown in FIG. 1, the image is repro 
duced by irradiating the image light 1120 onto the hologram 
Screen 11. In this case, the incident angle of the reference 
light to the hologram Screen 11 is equal to the incident angle 
of the white light 1130 to the hologram screen 11 shown in 
FIG 3. 

0240 Next, how to obtain the color difference Au'v' using 
the Spectral characteristic is explained below. In this case, 
the CIE 1976 chromaticity coordinate (u', v) is used in the 
following Steps. 

0241 The chromaticity coordinate u is expressed below, 
i.e., 

0242. In the above formula, for example, X can be 
obtained from the formula shown in FIG. 4. Y and Z can be 
obtained similarly from the formula shown in FIG. 4. In this 
case, S(0) was used as the spectral characteristic of the light 
after the white light of a liquid crystal projector has passed 
through the liquid crystal. This is because it is possible to 
perform evaluation of color of the image displayed on the 
hologram Screen 11, as well as evaluation of unevenness of 
color, when the S(0) is used as the spectral characteristic of 
the light having the same light Source as that of the image 
projector actually used. Further, T(0) denotes a spectral 
transmission rate and it was used as the spectrum charac 
teristic of the hologram Screen obtained by measurement in 
FIG 3. 

0243 As a result of the above measurement, next test was 
performed using the hologram Screen having the maximum 
color difference of 0.01 to 0.08. In this case, although the 
color difference can be obtained from the Spectral charac 
teristic, it is possible to obtain the color difference by 
directly measuring the chromaticity using a calorimeter. 
0244. As shown in FIG. 5, the liquid projector was used 
as the image projector 112, and the white light was used as 
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the image light 1120. Further, many observers, for example, 
twenty observers, observed the image during ten minutes at 
the location two meters apart from the center 1109 of the 
hologram Screen 11. 
0245) A result of observation is shown in FIG. 6. The 
image was evaluated by twenty observers in accordance 
with a Subjective evaluation grade having Seven grades 1 to 
7 (see 1 to 7 in FIG. 6). In this case, ten minutes is required 
for getting good condition for eye and correctly recognizing 
presence or absence of unevenness of color. The measure 
ment was performed within a room, and no lamp was 
provided in the room. The brightness of the white color to be 
projected was 300 cd/m. A frosted black wall 119 was 
provided at the back of the hologram Screen 11. 
0246. As shown in FIG. 6, for the hologram screen 
having the maximum color difference of 0.05 or less, all 
observers do not clearly recognize unevenness of color (See 
levels 5 to 7). When the color difference is 0.06, some 
observers can recognize unevenness of color, but they 
evaluate this unevenness of color as an ambiguous feeling, 
i.e., “do mind” or “don’t mind” (see level 4). 
0247. In this test, no lamp is provided and the background 
light is the black which is very close to zero. When the 
illuminance within the room is 500 Lux (this is an average 
illuminance in offices), and when the white wall paper is 
used at the back of the hologram, the level 4 in this test 
becomes the same level as the level 5 or more, i.e., the 
observer does not mind unevenness of color. Further, when 
the color difference is 0.07 or more, there is the observer 
who does mind unevenness of color in this test. AS is 
obvious from the above, when the color difference is 0.06 or 
less, it is obvious that the observer does not mind uneven 
neSS of color of the image on the hologram Screen. 
0248 Next, the effect of the first embodiment will be 
explained below. AS mentioned above, the output light has 
color distribution in which the color difference Au'v' 
between points A and B is 0.06 or less. That is, since the 
difference of color is Small, the output light from any 
location on the hologram Screen has the same color tone 
each other, if the incident light is the monochrome. That is, 
there is no phenomenon from which color at a part of the 
hologram Screen are different. As a result, as shown in FIG. 
6, there is no occurrence of unevenness of color on the 
hologram Screen. 
0249. The spectral characteristic was checked for the 
hologram screen having the color difference 0.06. In this 
case, when the halfbandwidth is the same, the difference of 
the peak wavelength corresponds to approximately 120 nm. 
On the other hand, when the peak wavelength is the Same, 
the difference of the half bandwidth corresponds to approxi 
mately 100 nm. As is obvious from the above when the color 
difference on the hologram Screen is not measured, the 
conditions for the color difference can be satisfied if the 
Spectral characteristic is Smaller than the above difference. 
0250) As shown in FIG. 7, it is possible to measure the 
Spectral characteristic of the output light emitted toward the 
direction G when the light receiving device 1179 is provided 
at the angle 'g' for the perpendicular direction from the 
Surface of the hologram Screen 11. Even if the hologram 
screen has color eye distribution in which the color differ 
ence Au'v' obtained from the above spectral characteristic 
becomes 0.06 or less, there is no unevenness of color on the 
reproduced image. 
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0251 (Second Embodiment) 
0252) In the hologram screen according to the second 
embodiment, the output light, which is emitted toward the 
viewpoint, has the color distribution in which the color 
difference between two points is 0.1 or less. As well as the 
first embodiment, shown in FIG. 1, the image is reproduced 
based on the output light by Scattering and diffusing the 
image light from the image projector. AS mentioned above, 
the output light emitted toward the viewpoint based on the 
formula (2) has the color eye distribution in which the 
distance between two points A and B is 20 cm or less, and 
the color difference Au'v' is 0.1 or less. 

0253) As shown in FIG.8, when the distance between the 
viewpoint 180 and the center 1109 of the hologram screen 11 
is given by L, and when the height of the hologram Screen 
11 is given by H, the formula (2), i.e., H/2L=0.1, is given as 
mentioned above. 

0254 The measurement of the color difference will be 
explained in detail below. As shown in FIG. 8, the white 
light 1130 is irradiated on the hologram screen 11. When the 
white light 1130 is input by the incident angle 0 at the center 
1109 on the hologram screen 11, the white light 1130 is input 
by the incident angle 0 at the point 1108, i.e., at a point 
except for the center 1109. 
0255. The white light 1130 is diffracted on the hologram 
screen 11 so that the output light 1131 can be obtained. In 
this case, the Spectral characteristic of the output light 1131 
at the location apart by the distance L from the center 1109 
of the hologram Screen 11 was measured. In order to 
measure the Spectral characteristic of the output light 1131, 
first, the output light from the point 1108 is measured by 
providing the light receiving device 1179 on the line 
between the viewpoint 180 and the point 1108. That is, the 
light receiving device 1179 is inclined by the same angle as 
that of the line between the viewpoint 180 and the point 
1108. AS a result, the Spectral characteristic is measured, and 
the color difference can be obtained by the same method as 
the first embodiment. In this case, the output light from the 
center 1109 is output perpendicularly from the surface of the 
hologram Screen 11, as well as the first embodiment. 
0256 The color difference was re-checked based on the 
above method regarding the hologram Screen having the 
color difference 0.06 in the first embodiment. As a result, 
when H=300 mm, and L=2000 mm, in the structure of the 
hologram Screen, the color difference was changed from 
0.06 to 0.1 in the second embodiment. Further, since the 
hologram screen having the color difference 0.06 in the first 
embodiment was evaluated as the level 5 or more (i.e., the 
observer does not mind unevenness of color), it is obvious 
that there is no unevenneSS of color on the reproduced image 
for the hologram Screen having the color difference 0.1. 
Since these measuring methods can be used to measure the 
color difference which can be observed actually through a 
human eye, it is possible to perform practical evaluation. 
0257 As shown in FIG. 9, the spectral characteristic of 
the output light emitted toward the direction G for the 
viewpoint 180 having the angle “g” is measured by using the 
light receiving device 1179, and the color difference can be 
obtained based on this measurement. Further, even if the 
hologram Screen has the color distribution in which the color 
difference is 0.1 or less, there is no unevenness of color on 
the reproduced image. 
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0258 (Third Embodiment) 
0259. As shown FIGS. 10 to 14, the explanation will be 
given for the hologram Screen which was produced by the 
photoSensitive material having the inclined thickness distri 
bution below. 

0260 First, the exposure optical system in FIG. 10 is 
explained below. In the exposure optical System 2, the laser 
beam (wavelength: 14.5 nm, Ar laser beam) emitted from 
the laser oscillator 1210 is splitted by the beam splitter 1221 
for two laser beams 1212 and 1213. The splitted beam 1212 
becomes divergence light through the object lens 1222, and 
the divergence light is irradiated to the parabolic mirror 1214 
so that it is possible to obtain the parallel light 1215. The 
parallel light 1215 is transmitted through the light diffusion 
body 1216 which is made of a ground glass so that the 
diffusion light can be obtained and used as the object light 
1217. On the other hand, another splitted light 1213 is 
transmitted through the object lens 1221 so that the refer 
ence light 1218 can be obtained. 
0261) As shown in FIGS. 10 and 11, the object light 
1217 and the reference light 1218 are irradiated to the 
photosensitive material 1220 in order to form the interfer 
ence fringe. Accordingly, the interference fringe can be 
recorded on the photosensitive material 1220. As a result, 
the light diffusion body 1216 is recorded on the photosen 
sitive material 1220. When the image light 1120 is irradiated 
on the hologram screen 11, the light diffusion body 1216 is 
reproduced, and it is possible to diffract and Scatter the 
image light 1120 on the hologram screen 11 when the 
diffusion light is emitted from the light diffusion body 1216. 
0262. In this case, in the exposure optical System 2 shown 
in FIGS. 10 and 11, the incident angle 0 and the incident 
distance Ro of the reference light 1218 to the center 1229 on 
the photosensitive material 1220 is the same as the incident 
distance Fo and the incident angle f of the image light 1120 
to the center 1109 on the hologram screen 11. 
0263. The hologram screen 11 was made by exposing two 
kinds to photosensitive materials using the exposure optical 
System 12. The photosensitive material of the Sample 1 has 
the thickness distribution shown in FIG. 12. That is, the 
Sample 1 has the inclined thickness, i.e., the thickneSS is 
different between one end and the other end of the photo 
sensitive material. In FIG. 12, the abscissa is the distance 
from the center location of the photosensitive material. A 
minus Side of the center represents an irradiation Side, and 
a plus Side represents a Side opposite to the irradiation. On 
the other hand, in FIG. 12, the photosensitive material of the 
comparing Sample C1 has a uniform thickness. 
0264. The sample 1 and the comparing sample C1 were 
provided to the exposure optical system 2 shown in FIGS. 
10 and 11, and the hologram Screen was made by irradiating 
the reference light 1218 and the object light 1217. Further, 
both the Sample 1 and the comparing Sample C1 have the 
size of 300 mmx400 mm, and made of a photopolymer by 
Dupont Co., Ltd. Further, the light diffusion body 1216 is 
made of a ground glass having the Scattering angle of 360, 
and the intensity ratio of the reference light 1118 and the 
object light 1117 at the center of the photosensitive material 
1220 is 4 (=I/I). The incident angle 0 of the reference 
light at the center of the photosensitive material 1220 is the 
same as the incident angle fo of the image light, i.e., 30, 
when reproducing the image on the hologram Screen (see 
FIG. 1). 
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0265. The measurement of the spectral characteristic of 
the hologram Screen having the Sample 1 and the comparing 
sample C1 is explained with reference to FIG. 3 below. As 
shown in FIG. 3, the white light 1130 is irradiated to the 
hologram Screen 11. In three kinds of output lights diffracted 
at the points (1), (2) and (3), in particular, the spectral 
characteristic of the output light to the direction perpendicu 
lar to the Surface at the output Side on the hologram Screen 
11 was measured by using the light receiving device 1179. 
The incident angle of the white light 1130 is the same as the 
incident angle of the image light when reproducing the 
image on the hologram Screen. Further, the point (2) is the 
center of the hologram Screen 11. The Spectral characteristic 
of the sample 1 was shown in FIG. 13, and that of the 
comparing sample Cl was shown in FIG. 14. As shown in 
FIG. 13, the Sample 1 has approximately the same peak 
wavelength on the curves (1), (2) and (3), and these spectral 
characteristics are arranged each other. Further, the chroma 
ticity coordinate u'v' was obtained in accordance with the 
above measurement So that the maximum color difference 
became 0.015. 

0266 When the hologram screen was observed based on 
the same conditions as the first embodiment, unevenness of 
color was not almost recognized in this embodiment. AS 
mentioned above, by using the photoSensitive material hav 
ing the inclined thickness distribution, it is possible to obtain 
the hologram Screen having no unevenness of color when 
reproducing the image. Further, as shown in FIG. 14, in the 
hologram Screen having the comparing Sample C1, the 
spectral characteristic (1) has the high peak of the efficiency 
at the wavelength of a blue area, and the Spectral charac 
teristic (3) has the high peak at the wavelength from a green 
area to a yellow area. The spectral characteristic (2) has the 
high peak at the vicinity of intermediate efficiency of (1) and 
(3). 
0267 The maximum color difference was measured by 
using the same method as the first embodiment. As a result 
of measurement, the maximum color difference became 
0.073. Further, the unevenness of color was tested for this 
hologram Screen. As a result, all observers answered level 3 
or more (i.e., the observer slightly do mind the unevenness 
of color.). As is obvious from the above, the difference in the 
Spectral characteristic at each portion of the hologram Screen 
is caused of unevenneSS of color when reproducing the 
image on the hologram Screen. 

0268 (Fourth Embodiment) 
0269. As shown in FIGS. 15 to 19, the explanation will 
be given to the hologram Screen which was made by the 
photosensitive material previously irradiated by the ultra 
Violet before exposure. In this case, the exposure optical 
system is the same as the third embodiment shown in FIG. 
10. Further, the ultraviolet is irradiated on the photosensitive 
material So as to become gradually Strong from one incident 
Side to the other incident Side as explained in detail below. 
0270. The above irradiation method of the-ultraviolet 
will be explained in detail with reference to FIGS. 15 and 
16. In FIG. 15, the photosensitive material 1220 has the size 
of 300 mmx400 mm, and was made of the photopolymer by 
Dupont Co., Ltd. The photosensitive material was provided 
on a slanted base 132, and an ultraviolet lamp 130 was 
provided to the upper location of the end of the Slanted base 
132 as shown in FIG. 15. The ultraviolet was irradiated to 
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the photosensitive material 1220 in such a way that the 
amount of the ultraviolet has the distribution shown in FIG. 
16. In this case, P shown in FIG. 15 is the distance on the 
photoSensitive material 1220, and corresponds to the 
abscissa of the graph shown in FIG. 16. That is, the amount 
of the ultraviolet is small at one end of the photosensitive 
material 1220 (approximately, 1.5 ui/cm), and becomes 
large at the other end of the photosensitive material 1220 
(approximately, 3.5 ui/cm). 
0271 As a result, an amount of absorption of the photo 
Sensitive material at the wavelength 414 nm was changed in 
accordance with the distance Pas shown in FIG. 17. In FIG. 
17, the dotted line represents the amount of the absorption 
before irradiation of the ultraviolet, and the Solid line 
represents after irradiation. The hologram Screen was made 
after irradiation of the ultraViolet using the exposure optical 
apparatus, as well as the third embodiment. In this case, 
various conditions were determined as follows. That is, the 
scattering angle of the light diffusion body is 36, the 
intensity ratio of the reference light and the object light at the 
center of the photosensitive material is 4 (=I/I), and the 
incident angle of the reference light at the center is the same 
as the incident angle of the reference light, i.e., 30, when 
reproducing the image on the hologram Screen. 

0272. In the above conditions, the color difference 
between optional two points (see the first embodiment) on 
the hologram screen was 0.023 in maximum. Further, 
unevenness of color cannot be recognized when observing 
the hologram Screen in accordance with the Same conditions 
as the first embodiment. Further, the peak wavelength in the 
Spectral characteristic of the hologram Screen was measured 
at the points (1), (2) and (3) in FIG. 3. Further, when the 
ultraViolet is not irradiated, the Spectral characteristic was 
also measured in order to compare irradiation with non 
irradiation of the ultraViolet. As a result, in the case of the 
spectral characteristic (1), the wavelength 460 nm (in the 
case of non-irradiation) was 462 nm (in the case of irradia 
tion). In the case of the spectral characteristic (2), the 
wavelength 510 nm (in the case of non-irradiation) was 480 
nm (in the case of irradiation). In the case of the spectral 
characteristic (3), the wavelength 510 nm (in the case of 
non-irradiation) was 488 nm (in the case of irradiation). 
0273. The relationship between an amount of irradiation 
of the ultraViolet and reduction of Sensitivity is explained 
using the photopolymer made by Dupont Co., Ltd., below. 
FIG. 18 shows an amount of laser having wavelength 514.5 
nm. A coloring matter mixed with the photopolymer absorbs 
the light So that the polymerization reaction of the monomer 
is started. Accordingly, when the photopolymer is exposed 
by the laser having wavelength 514.5 nm in the production 
of the hologram Screen, the amount at this wavelength 
represents the Sensitivity of the photopolymer. 

0274. As shown in FIG. 18, when the hologram screen 
was produced by exposing the photopolymer in which the 
Sensitivity was reduced due to irradiation of the ultraViolet, 
it was clarified that the peak wavelength of the Spectrum 
characteristic was shifted to the short wavelength side due to 
increase of the amount of the energy as shown in FIG. 19. 
Accordingly, when showing the Spectral characteristic of the 
hologram screen s shown in FIG. 14 by previously irradi 
ating the ultraViolet on the photoSensitive material, it is 
possible to Shift the Spectral characteristic to the short 
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wavelength side Since the amount of the energy of the 
ultraViolet become large at the location (see (3)) apart from 
the incident Side of the reference light. That is, it is possible 
to bring the spectral characteristics (2) and (3) close to that 
of (1). 
0275 Accordingly, by preferably setting the amount of 
the energy of the ultraViolet to be irradiated, it is possible to 
arrange the Spectral characteristic of the hologram Screen, 
and to reduce unevenness of color until the grade which is 
difficult to recognize the Same. Further, if the Spectral 
characteristic is intended to bring it near to that of (2), it is 
possible to shift the whole to the long wavelength side by 
changing the incident angle of the reference light at the 
exposure and the incident angle of the reproducing light at 
the reproduction, and by Setting the incident angle of the 
reference light So as to become Small. In this case, it is 
possible to realize a predetermined effect in the difference of 
the angle of 1 to 2. 
0276 (Fifth embodiment) 
0277 As shown in FIGS. 20 to 25, in this embodiment, 
the hologram Screen is made by providing the incident 
distance of the reference light at the optional location on the 
photosensitive material So as to become shorter than the 
incident distance of the image light which is input from the 
image projector when reproducing the image on the holo 
gram Screen. The hologram Screen is made by exposing the 
photosensitive material using the exposure optical apparatus 
shown in FIG. 10. At that time, as shown in FIG. 20, the 
incident distance Rio of the reference light was shortened to 
the distance Ro". In this case, the distance Ro" is equal to the 
distance F of the image light when reproducing the image 
(see FIG. 1) on the hologram screen. 
0278. The performance of the hologram screen which 
was made by Shortening the distance of the reference light 
was evaluated as follows. First, the exposure optical appa 
ratus was prepared as shown in FIG. 10. In this case, the 
incident angle 0 of the reference light 1218 was set to 400, 
and the incident distance Roof the reference light was Set to 
1700 mm. Then, the photosensitive material was exposed. 
Further, the photosensitive material 1220 in which the 
exposure was completed, was replaced to new one. Further, 
the exposure was performed after the incident distance Roof 
the reference light was shortened to the distance Ro as 
shown in FIG. 20. In this case, a photopolymer made by 
Dupont Co., Ltd. was used as the photoSensitive material 
1220 having the uniform thickness distribution and the size 
of 300 mmx400 mm as shown by the comparing sample C1 
in FIG. 12 in the third embodiment. Further, the scattering 
angle of the light diffusion body was set to 36, and the 
intensity ratio of the reference light 1218 and the object light 
1217 at the center of the photosensitive material 1220 was 
Set to the value 4. Further, the incident angle f of the image 
light of the hologram screen 11 (see FIG. 1) was set to 400. 
0279 Based on the above conditions, each peak wave 
length at the spectral characteristic of each hologram Screen, 
in which the incident distance Ro of the reference light was 
shortened, was measured as shown in FIG. 23. In FIG. 23, 
(1), (2) and (3) show the spectral characteristics of the output 
light at the location shown in FIG. 3. As shown in FIG. 23, 
when the shortened amount of the reference light becomes 
large, the peak wavelength of each spectral characteristic 
(1), (2) and (3) is brought close to each other. When the 
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Shortened amount reaches -700 mm, three peak wave 
lengths (1), (2) and (3) approximately coincide with each 
other. 

0280 Further, FIG. 25 shows the relationship between 
the maximum value of the color difference and the reduced 
amount of the distance between the optional two points on 
the hologram screen. As shown in FIG. 25, when the 
reduced amount becomes large, the color difference 
becomes Small. For example, when the shortened value was 
-550 mm, the color difference was 0.03 or less. Further, 
when the shortened value was -700 mm, the color difference 
was 0.021 or less. As is obvious from the above, it is possible 
to realize the hologram Screen without unevenness of color 
by reducing the incident distance of the reference light. 

0281) (Sixth embodiment) 
0282. In this embodiment, as shown in FIG. 26, a lens 
141 was provided between the object lens 1221 and the 
photoSensitive material 1220. Accordingly, it is not neces 
Sary to shorten the incident distance of the reference light 
than the incident distance of the image light in the exposure 
optical system shown in FIG. 10. As a result, it is possible 
to Substantially shorten the incident distance of the reference 
light when producing the hologram Screen. AS shown in 
FIG. 26, the reference light 1218 and the object light (not 
shown in this drawing) are irradiated on the photosensitive 
material 1220, as well as the exposure optical System shown 
in FIG. 10, so as to expose the photosensitive material. In 
this case, the convex lens 141 having an f-value of 175 mm 
was provided at the location of which the distance Q is 350 
mm from the object lens 1221. 
0283. In this structure, when the divergence light from 
the object lens 1221 is input to the convex lens 141, this light 
becomes the convergence light So that this light is focused 
on the light path. As an effect of the convex lens, it is 
possible to Shorten the incident distance of the reference 
light, for example, the distance -700 mm, without change of 
the physical location of the photosensitive material 1220 and 
the object lens 1221. In this embodiment, other conditions 
are the same as the fifth embodiment. 

0284. When the convex lens 141 is provided as men 
tioned above, it is not necessary to limit the divergence point 
of the reference light 1218 to the location of the distance 
1700 mm from the center 1229 of the photosensitive mate 
rial 1220, and to freely change the location of the object lens 
1221 and the photosensitive material 1220 in accordance 
with the f-value of the lens to be used. In FIG. 26, although 
the convex lens 141 was used, it is possible to use a concave 
lens 142 in order to shorten the incident distance of the 
reference light as shown in FIG. 27. Further, it is possible 
to utilize a cylindrical lens instead of the convex lens and the 
concave lens. 

0285) The cylindrical lens is very effective in the case that 
the color difference is reduced for the incident direction of 
the reference light, but the color difference is not reduced for 
the direction perpendicular to the Surface of the drawing 
sheet (FIG. 26). This is because, when the distance of the 
reference light is shortened in order to arrange the peak 
wavelength at the points (1), (2) and (3) in FIG. 26, the peak 
wavelength is extremely shifted to the direction perpendicu 
lar to the Surface of the drawing sheet So that the color 
difference may be increased. 
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0286 (Seventh embodiment) 
0287. In this embodiment, in all areas on the photosen 
Sitive material, the intensity ratio of the reference light and 
the object light is defined as I/I-10 (where, I is the 
intensity of the reference light, and I is the intensity of the 
object light). That is, as shown in FIG. 28, the hologram 
Screen was made by changing the intensity ratio of the 
reference light 1218 and the object light 1217 on the 
photosensitive screen 1220. Further, the hologram screen 
was made in Such a way that the conditions of the intensity 
ratio can be established in all areas on the photoSensitive 
material 1220. 

0288 As other conditions, the incident angle of the 
reference light to the center 1229 of the photosensitive 
material 1220 was set to 40, and the incident distance of the 
reference light was set to 1350 mm. Further, the photopoly 
mer made by Dupont Co., Ltd. having the uniform thickness 
distribution and the size of 300 mmx400 mm, as shown in 
FIG. 12 in the third embodiment was used as the photosen 
sitive material 1220. Further, the light diffusion body having 
the scattering angle of 36 was used. Still further, the 
incident angle of the image light to the center was Set to 400, 
and the incident distance of the image light was set to 1700 

. 

0289. The relationship of the maximum value of the color 
difference and the intensity ratio I/I between optional two 
points on the hologram screen is shown in FIG. 29. As 
shown in FIG. 29, when the I/I becomes small, the 
maximum value of the color difference becomes Small. For 
example, when IR/I is 10 or less, the maximum value 
becomes 0.06 or less. Further, when I/I is 0.7, the maxi 
mum value of the color difference can be reduced by 0.013. 
AS mentioned above, when I/I is 10 or less, it is possible 
to realize the hologram Screen without unevenness of color 
on the image. 
0290 Explanations of the Second Aspect of the Present 
Invention 

0291. The second aspect of the present invention relates 
to a method for producing a hologram element which can be 
used as a display apparatus for displaying a still image or an 
animated image by irradiating the image light. 
0292. The object light 214 and the reference light 216 are 
irradiated on the photosensitive material 230 and exposed by 
using an exposure optical system 29 as shown in FIG. 52. 
A hologram Screen formed by the hologram element, as 
shown in FIG. 35, can be applied to the display apparatus 
235 for displaying the Still image or animated image by 
irradiating the image light 2390 from the irradiating appa 
ratus 39. 

0293. On the other hand, in general, a large size screen 
has been desired as the display apparatus in order to utilize 
as an advertizing board in a showroom. However, it is very 
difficult to produce a large size hologram Screen by using the 
exposure optical apparatuS 29 as mentioned above in once 
projection of the image. That is, although it is necessary to 
provide a large Size photosensitive material in order to 
produce the large size hologram Screen, a lot of time is 
required for exposure of the photoSensitive material. Fur 
ther, Since it is necessary to irradiate the reference light onto 
the whole of the large Size photosensitive material, the 
intensity of the reference light becomes weak So that the 
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exposure time also becomes long. As a result, the exposure 
time may exceed the time for Stably maintaining the inter 
ference fringe on the photoSensitive material So that the 
production efficiency of the hologram element deteriorates. 

0294 Further, it is necessary to utilize the large size light 
diffusion body in order to obtain the object light which can 
be irradiated on the whole of the large photosensitive 
material. However, it is very difficult to produce the large 
light diffusion body. Still further, since the object light which 
is obtained by the large size photoSensitive material is 
formed by the diffusion light which is diffused in the wide 
extent, the light intensity becomes weak So that the exposure 
time for exposing the photoSensitive material becomes long. 

0295). In order to resolve the above-mentioned problems, 
the inventor has proposed two methods, i.e., (1) a method of 
resolving problems by reducing a size of the photoSensitive 
material, and (2) a method of resolving problems by reduc 
ing a size of the light diffusion body, in Japanese UneXam 
ined Patent Publication No. 9-349572. 

0296 In the method (1), as shown in FIG.34, a plurality 
of hologram Screens 231 to 234 are integrated two-dimen 
Sionally by using a Suitable adhesive material in order to 
obtain the large hologram Screen 23. In this case, four 
hologram Screens are separately produced and coupled each 
other. 

0297. In the method (2), as shown in FIGS. 31 and 32, 
a plurality of mirrorS 221 to 224 are provided perpendicu 
larly to the light diffusion body 220. In this case, Since the 
light diffusion body 220 is imaged on the plurality of the 
mirrors 221 to 224, it is possible to obtain the object light 
having the large extent as well as the large diffusion body. 

0298 There is a problem, however, in the method (2). 
That is, when combining the method (1) with the method (1), 
it is impossible to perform Sufficient recording on the 
photoSensitive material from the light diffusion body imaged 
on the mirror, and there is the difference in brightness 
between an area directly recorded by the light diffusion body 
and another area indirectly recorded by the light diffusion 
body through the mirror. As a result, depending on the angle 
observed by the observer, the image on the hologram Screen 
becomes partially dark, and color are changed. Further, a 
boundary line between the diffusion body and the mirror 
may be imaged on the hologram Screen So that the observer 
may has uncomfortable feeling when observing image on 
the hologram Screen. 

0299. According to the producing method of the second 
invention, it is possible to display uniform and bright image 
on the display apparatus, and to observe the image in the 
broad angle without changes of brightness and color eye. 

0300. According to the invention defined in claim 13, the 
hologram element is formed by interferencing the reference 
light with the object light transmitted through the light 
diffusion body, and by recording the light diffusion body on 
the photoSensitive material in the optical System. There is a 
mirror arranged approximately perpendicularly to the light 
diffusion body on the light diffusion body. Further, a rota 
tional center is defined by an axis intersected perpendicu 
larly to the center of the photoSensitive material, and the 
photoSensitive material and the light diffusion body are 
arranged with the angle 0. 
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0301 According to the second aspect of the present 
invention, polarized direction of laser light is determined by 
either P-polarization or S-polarization which are inclined 
from 0-5 to 0+5. That is, as the feature of the present 
invention, either P-polarization or S-polarization having the 
polarized direction in the range of the angle 0-5 to 0+5 is 
used as the laser light. 
0302) When the polarized direction is out of the this 
range, the light diffusion body which is imaged on the mirror 
becomes dark, the image becomes partially dark depending 
on the observer's angle. 
0303. The operation of the second aspect of the present 
invention will be explained below. The mirror is arranged 
perpendicular to the light diffusion body used in the present 
invention (see FIGS. 31 and 32). In the recording of the 
light diffusion body on the photoSensitive material, the 
object light is irradiated from the light diffusion body, a part 
of the object light is irradiated directly on the photoSensitive 
material, but other object light is irradiated on the photo 
Sensitive material after reflected by the mirror. Accordingly, 
the incident angle of the object light on the photosensitive 
material becomes broad by using the above compact light 
diffusion body so that it is possible to obtain the object light 
having broad extent as well as the large Size light diffusion 
body. 
0304 Further, when producing the hologram element, the 
light diffusion body and the photoSensitive material are 
rotated with the same angle 0 around the axis which is 
intersected perpendicularly to the center point of the pho 
toSensitive material and used as the center of the rotation. 

0305. In this case, when the large size hologram screen 3 
shown in FIG. 34 is produced by one hologram element, it 
is necessary to have arrangement relationship among the 
photosensitive material 290, the light diffusion body 294 and 
the reference light 292 shown in FIG. 37. Further, as shown 
in FIG. 34, when one large size hologram screen is formed 
by coupling four hologram elements 231 to 234, there is the 
arrangement relationship between the photoSensitive mate 
rial 2901 necessary for producing one hologram element 231 
and the light diffusion body 2941 used for the photosensitive 
material 2901. 

0306 In FIG. 37, there is the divergence point 2920 of 
the reference light 292 on the plane AA formed by the center 
line X passing the center C and the axis 2905 passing 
perpendicularly to the center point C of the photosensitive 
material 290. In this case, the divergence point 2920 
becomes the object lens 2105 in the optical system 29. 
Further, in FIG. 37, the straight line X1 passing the center 
point C1 and parallel to the line X is provided on the 
photosensitive material 2901. Further, the plane AA1 (not 
shown) including the line X1 is provided parallel to the 
plane AA. In this case, there is no divergence point 2920 on 
the plane AA1. 
0307 FIG.38 shows the configuration observed from the 
Z-axis of FIG. 37. As shown in FIG. 38, it is necessary to 
irradiate the reference light 292 toward the center point C1 
with the angle Ob for the center line X (plane AA). That is, 
when producing the hologram element 231 which partially 
forms the large size hologram Screen 23, it is necessary to 
irradiate the reference light 292 with a predetermined angle. 
0308. In FIG. 38, there is an axis passing the center point 
C1 and perpendicular to the drawing sheet. The photosen 
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sitive material 2901, the light diffusion body 294 and the 
reference light 292 are rotated with the angle Ob to the right 
direction around the above axis used as the rotational center, 
as shown in FIG. 39. When these are rotated with the angle 
0b, the divergence point 2920 of the reference light 292 is 
moved to the plane AA1. 
0309 Accordingly, when producing the hologram ele 
ment, the light diffusion body and the photoSensitive mate 
rial are rotated with the same angle 0 as mentioned above. 
Further, the reference light is irradiated to the photoSensitive 
material on the same horizontal plane as the object light. 
When 0=0b, it is possible to easily and safety produce the 
hologram element Since the optical System for exposing the 
photoSensitive material can be easily provided. 
0310. In the present invention, either the P-polarization 
or the S-polarization having the polarization direction in the 
extent from the angle 0-5 to 0+5 is used as the laser light, 
as shown in FIG. 33. In this case, FIG. 33 show the 
configuration observed from the direction shown by the 
arrow “a” in FIG. 32. It is assumed that the laser light of the 
S-polarization having the polarized direction shown by the 
arrow line LO in FIG. 40 is irradiated to the light diffusion 
body. In this case, the polarized direction is perpendicular to 
the mirrors 223 and 224 as shown in FIG. 40. 

0311. There are the light diffusion body 220 and the 
mirrors 221 to 224 provided thereto, which are rotated with 
the angle 0 around the axis intersected perpendicularly to the 
center point of the light diffusion body 220 and used as the 
rotational center as shown in FIG. 41. In this case, since the 
polarized direction of the laser light is not changed and 
directed by the arrow line LO, the perpendicular direction 
(i.e., S-polarization) is maintained. 
0312 The laser light is transmitted through the light 
diffusion body 220 as shown in FIG. 42, and reflected by the 
mirror 222 so that the object light Ob is formed. In this case, 
the polarized direction of the object light is considered. AS 
shown in FIG. 42, the polarized direction of the object light 
Oa, which transmits the light diffusion body 224 and reaches 
the mirror 222, is shown by the arrow line La. However, 
since the mirror 222 is inclined with the angle 0, the 
polarized direction of the object light Ob which is reflected 
by the mirror 222 is shown by the arrow line Lb. That is, this 
polarized direction is inclined with 2x0 for the polarized 
direction before reflection. 

0313. In this case, the polarized direction of the reference 
light which reaches the photoSensitive material is the same 
as that of the laser light and has the S-polarization. Accord 
ingly, in the object light Ob after reflection, the object light 
which can contribute to form the interference fringe with the 
reference light, as shown in FIG. 43, is only the same 
direction component as the arrow line Lc which indicates 
perpendicular component of the arrow line Lb. That is, the 
substantial intensity of the object light reflected by the 
mirror deteriorates So that it becomes weaker than the 
intensity of the object light which was directly input to the 
photoSensitive material after transmitting the light diffusion 
body. As a result, the efficiency of the interference fringe 
becomes lower than the efficiency of the interference fringe 
formed by the object light which was directly input to the 
photoSensitive material. 
0314 AS mentioned above, the sufficient recording to the 
photoSensitive material cannot be performed from the light 
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diffusion body which was imaged on the mirror, and the 
difference in brightness occurs between the recorded area 
directly imaged by the light diffusion body and the recorded 
area indirectly imaged by the light diffusion body through 
the mirror. As a result, there is a problem in which the image 
becomes partially dark on the hologram Screen, depending 
on the observing angle from the observer. 
0315. In the present invention, as mentioned above, the 
P-polarization or the S-polarization having the polarized 
direction in the range from the angles 0-5 to 0+5 is used as 
the laser light. Accordingly, it is possible to provide the State 
of the P-polarization or S-polarization for the light diffusion 
body and the mirror inclined with the angle 0. That is, in the 
present invention, the object light is reflected by the mirror 
So that the large change of the polarization direction is 
prevented, and it is possible to prevent a partially dark image 
which depends on the observing angle from the observer. 
0316. In the S-polarization, for example, in FIG. 33, the 
polarized direction of the laser light is inclined with the 
angle 0 SO that the polarized direction of the laser light 
becomes parallel to the mirrors 221 and 222. The laser 
polarization is called “S-polarization having angle 0” in the 
present invention, and the polarized direction (i.e., parallel 
to mirrors 23 and 24) perpendicular to the S-polarization is 
called “P-polarization having angle 0'. 
0317. The laser light used in the present invention is 
generated by a known laser Oscillator, and it is possible to 
prepare the P-polarization or the S-polarization having the 
polarized direction in the range from the angles 0-5 to 0+5 
by providing a half-wave plate for the laser oscillator. The 
wavelength plate is an optical element which can change the 
polarization State of the optical wave by providing the phase 
difference based on the difference in the refractive index for 
the polarized component of the optical crystal having the 
optical anisotropy. Further, the half-wave plate is an optical 
element which can change the polarized direction of the 
linear polarization. 
0318 When the linear polarized light is irradiated with 
the angle 0 for the optical axis of the half-wave plate, the 
polarized direction of the output light has the direction 
which is inclined with the angle 2x0 for the incident light. 
Further, the angle 0 can be changed continuously. AS a 
result, it is possible to easily obtain the laser light having the 
desired polarized direction. Further, it is possible to utilize 
the wavelength plate having the above function utilizing the 
optical anisotropy of the optical crystal as the half-wave 
plate. Further, it is possible to utilize a Fresnel rhomb plate 
which utilizes the total reflection in the optical element as 
the half-wave plate. Particularly, the Fresnel rhomb wave 
length plate can be used for the high power laser light, and 
can be used widely since the usable wavelength band of the 
laser light is wide. Accordingly, the Fresnel rhomb wave 
length plate can be preferably used as the half-wave plate. 
0319 Further, as a method for integrating a plurality of 
hologram elements, for example, there are two representa 
tive methods, i.e., one being a method for bonding the 
hologram element to a predetermined film (for example, a 
PTE film) with an adhesive material, and the other being a 
method for bonding the hologram element to a large glass 
plate using a transparent and optical adhesive material. 
Further, it is possible to utilize the light which is generated 
by an argon (Ar) laser oscillator as the laser light. Further, 
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it is possible to utilize the photopolymer, or the dichromated 
gelatin, etc., as the photoSensitive material. Still further, it is 
possible to utilize ground glass or opal glass as the light 
diffusion body. 
0320 According to the second invention, it is possible to 
produce the transparent hologram element -in order to form 
the hologram Screen. In this case, it is possible to obtain the 
transparent hologram Screen by using a transparent adhesive 
material. As a result, the display apparatus having the 
hologram Screen can be effectively used as, for example, not 
only an advertising board for a show window, showroom, 
etc., in a shopping center, but also as a transparent Screen 
which can see through an opposite person when the display 
apparatus is not used, in a ticket window. 
0321 Preferable embodiments in the second embodiment 
will be explained in detail with reference to the attached 
drawings. 

0322 (First Embodiment) 
0323 The first embodiment will be explained in detail 
with reference to FIGS. 30 to 35. In this embodiment, as 
shown in FIG. 34, four hologram elements 231 to 234 are 
integrated two-dimensionally by using a predetermined 
adhesive material in order to form the hologram Screen 23. 
0324. In the optical system shown in FIG. 30, the laser 
light 211 is splitted to two separated lights 211 and 212. The 
separated light 212 becomes the object light 214 after 
transmitting the light diffusion body 220, and the other 
separated light 215 becomes the reference light 215. The 
object light 214 and the reference light 216 are irradiated on 
the photosensitive material 230 in the same horizontal plane, 
and the light diffusion body 220 is recorded on the photo 
sensitive material 230 so that each of hologram elements 
213 to 234 is produced. After the hologram elements 231 to 
234 were integrated, the large hologram Screen 23 is pro 
duced as shown in FIG. 34. 

0325 When producing the hologram elements, the mir 
rors 221 to 224 are provided perpendicularly to the light 
diffusion body 220 thereon as shown in FIGS. 30 to 32. 
Further, as shown in FIG. 32, the light diffusion body 220, 
mirrors 221 to 224 and the photosensitive material 230 are 
rotated with the same angle 0 around the axis 2000 which is 
intersected perpendicularly to the center point of the pho 
toSensitive material 230 and used as the rotational center, 
and the S-polarization having the polarized direction of the 
angle 0 is used as the laser light 211. The rotational angle 0 
is different in each hologram elements 213 to 234. 
0326 In the optical system 21 shown in FIG. 30, the 
wavelength plate 2101 is provided between the laser oscil 
lator 210 and the beam splitter 2102, and the S-polarization 
having the polarized direction with the angle 0 can be 
obtained when the laser light is passed through the wave 
length plate 2101. Further, the wavelength plate 2101 is 
formed by the Fresnel rhomb half-wave plate. Further, the 
laser oscillator 210 is formed by the Arlaser oscillator. Still 
further, the laser light emitted from the laser oscillator 210 
and passed through the wavelength plate 2101 is split by the 
beam splitter 2102 into two beams so that the separated 
lights 212 and 215 can be obtained. 
0327. After one separated light 212 became the diver 
gence light 2130 by the object lens 2103, and the divergence 
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light 2130 becomes the parallel light 213 by the parabolic 
mirror 2104. Further, the diffusion light is formed after the 
parallel light 213 was passed through the light diffusion 
body 220, and becomes the object light 214. Further, when 
another Separated light 215 is passed through the object lens 
2105 so that the reference light 216 can be obtained. 
0328. As shown in FIGS.31 and 32, a light diffusion unit 
22 is formed by the square and plate-like light diffusion body 
220 made of, for example, cloudy glass, and the mirrorS 221 
to 224 provided perpendicularly to the light diffusion body 
220. Further, in the light diffusion unit 22, the length of the 
mirror 221 is shorter than those of mirrors 222 to 224 in 
order to form a space which delivers the reference light 216. 
Further, the mirrors 221 to 224 are formed by a dielectric 
multilayer film, and there is no Slippage of the phase of the 
reflection light in each mirror. Further, it is possible to use 
a metal-Vapoured film as the mirror. In this case, the mirror 
is arranged in Such a way that the Surface thereof is faced 
inside. 

0329. As shown in FIG.33, the light diffusion unit 22 is 
arranged to the right direction with the angle 0. On the other 
hand, the light diffusion unit 22 is arranged perpendicularly 
to the light diffusion body 220 so that the light diffusion 
body 220 is arranged with the angle 0. Further, although the 
drawing is omitted, the photosensitive material 230 is 
arranged with the same angle. Still further, the polarized 
direction of the parallel light 213 which is input to the light 
diffusion body 220 is the direction shown by the arrow line 
L in FIG. 33. That is, the polarized direction is directed to 
the angle 0. 

0330. When the object light 214 and the reference light 
216 are irradiated on the photosensitive material 230, the 
interference fringe formed by these lights is recorded on the 
photosensitive material 230. As a result, the light diffusion 
body 220 is recorded on the photosensitive material 230 so 
that the hologram Screen is formed thereon. 
0331 Next, the hologram elements 231 to 234 each 
having width acroSS corners of twenty inches were prepared 
in accordance with the above-mentioned method as 
explained below. In this case, the rotational angle 0 is 
different each other in four hologram Screens. For example, 
in FIG. 5, when the image light 2390 is irradiated with the 
angle 35 at the center of the hologram Screen 23, i.e., at the 
center of the width-across-corners of forty inches in the 
hologram screen 23, the hologram element 231 is 15 to the 
right direction, the hologram element 232 is 15 to the left 
direction, the hologram element 233 is 11 to the right 
direction, and the hologram element 234 is 11 to the left 
direction. 

0332 The method for coupling the hologram screens 231 
to 234 will be explained in detail below. As shown in FIG. 
36A, the hologram element 231 is laminated on the glass 
substrate 241, and the transparent PET film 242 (a size of 
twenty inches) with the adhesive material is bonded by using 
a roller 240 on the glass substrate 241. After the peripheral 
portion of the hologram element 231 and the transparent 
PET film 242 which exceed the size of twenty inches was cut 
off, the glass plate 241 is removed. 
0333. After the above steps, the transparent PET film 242 
was bonded to the remaining three hologram Screens 232, 
233 and 234. Further, as shown in FIG. 36B, after the four 
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hologram Screens 231 to 234 were closely arranged So as not 
to provide a gap between hologram elements, the transparent 
PET film 243 with the adhesive material and being forty 
inches wide was bonded on the Surface of the hologram 
element 232 using the roller 240. As a result, it is possible 
to obtain the large Size hologram Screen 23 having the width 
acroSS corners of forty inches. 
0334) Next, the display apparatus 235 using the hologram 
Screen 23 according to the Second invention will be 
explained in detail below. 
0335). As shown in FIG. 35, the image projector 239 is 
arranged at the back and upper portion of the hologram 
Screen 23. The image projected by the image projector 239 
is focused on the hologram Screen 23 So that the observer 
238 can observe the image on the hologram screen 23. That 
is, when the image light is irradiated on the hologram Screen, 
the light diffusion body 220 which is recorded on the 
hologram elements 231 to 234 is reproduced, and the image 
light is diffracted and diffused on the hologram elements 231 
to 234. As a result, the hologram screens 231 to 234 can be 
functioned as the hologram Screen. 
0336 Further, the hologram elements 231 to 234 are 
formed by the transparent material, and the adhesive mate 
rial for these hologram elements is the transparent PET films 
242 and 243. Accordingly, the observer can observe the 
background 2381 as well as the image on the hologram 
SCCC. 

0337 The operation of this embodiment will be 
explained in detail below. As shown in FIGS. 31 and 32, the 
mirrors are provided perpendicularly to the light diffusion 
body. In the exposure process of the photoSensitive material, 
the Separated light is irradiated to the light diffusion body, 
and the object light is output from the light diffusion body. 
In this case, a part of the object light directly reaches the 
photoSensitive material, and the remaining object lights are 
once reflected by the mirror and reaches the photoSensitive 
material. 

0338 Accordingly, the incident angle of the object light 
to the photoSensitive material becomes wide So that it is 
possible to obtain the object light having the same extent as 
the large light diffusion body by using the Small light 
diffusion body according to this embodiment. 
0339. As mentioned above, four hologram elements are 
produced Separately, and integrated to form the hologram 
Screen. When producing the hologram Screen, the light 
diffusion body and the photosensitive material are rotated by 
the same angle 0. In this case, the angle 0 is different in each 
of four hologram elements. Further, the reference light and 
the object light are irradiated to the photosensitive material 
on the same horizontal plane. 
0340 Further, in this embodiment, the S-polarization 
having the polarized direction of the angle 0 as the laser 
light. Accordingly, it is possible to Set the polarized direction 
of the object light to the S-polarization for the light diffusion 
body and mirrors which are inclined by the angle 0. That is, 
according to this embodiment, Since it is possible to prevent 
large change of the polarized direction due to the reflection 
of the object light by the mirror, it is possible to prevent a 
partially dark portion on the hologram Screen and a partially 
dark image which occurs depending on the observing angle 
by the observer. As a result, it is possible to display uniform 
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and bright image on the hologram Screen and to observe the 
image from the wide angle without change of the brightness 
and the color eye. 
0341 (Second Embodiment) 
0342. The second embodiment according to the second 
aspect of the present invention will be explained with 
reference to FIGS. 44 to 51 below. In the following expla 
nations, the producing method was compared between two 
kinds of the S-polarization used as the laser light, i.e., one 
S-polarization having the polarized direction of the angle of 
15 according to the first embodiment, and the other S-po 
larization having the polarized direction of the angle of 0. 
Two kinds of the hologram Screen 23 were prepared in 
accordance with the above two kinds of the S-polarization. 
0343 As shown in FIG. 44, the white image was pro 
jected by the image projector 239 from the upper and Slant 
location to the hologram screen 23. The observer 238 
observed the hologram screen 23 with the naked eye from 
the upper location of the angle 15. As a result of observa 
tion, the whole of the screen becomes uniformly white on 
the hologram Screen 23 according to the first embodiment. 
On the other hand, in the case of the S-polarization having 
the polarized direction of the angle of 0, there was uneven 
neSS of brightness, i.e., bright portion “n” and dark portion 
“m”, on the hologram screen as shown in FIG. 45. 
0344) That is, in FIG. 45, a boundary line was clearly 
imaged between the bright portion “n” and the dark portion 
“m” on the hologram screen 23, and the boundary line was 
located at the height of 60 mm from the bottom of the 
hologram Screen. In this case, the dark portion “m' is 
considered as the range in which the light diffusion body was 
recorded by the object light which was reflected by the 
mirror. AS is obvious, the above hologram Screen corre 
sponds to the hologram element 234 shown in FIG. 34. 
0345. In order to investigate in detail, a color brightness 
meter was arranged at the location of the observer's eye 238 
as shown in FIG. 44, and the brightness and the chromaticity 
(u', v) were measured at six points (see, six dots in FIG. 45) 
for the CIE 1976 chromaticity coordinate (u', v) and JIS 
STANDARD Z-8729. The results of measurement were 
shown in FIGS. 46 to 51. 

0346). In FIGS. 46 to 51, the “position” on the abscissa is 
the height from the bottom of the hologram screen 23, and 
the measuring points is located at the distance of 200 mm 
from the left end of the hologram screen 23. AS is obvious 
from FIGS. 46 to 51, in the hologram screen 23 according 
to the present invention, it is possible to eliminate the 
boundary line between the mirror and the light diffusion 
body, and to provide a Screen having no difference in 
brightness and chromaticity. 

0347 Explanations of the Third Aspect of the Present 
Invention 

0348 Before describing the preferred embodiments, a 
conventional art and its problem are explained below. For 
example, a known hologram Screen formed by the hologram 
elements has been disclosed in the Japanese Examined 
Patent Publication No. 52-12568. The above hologram 
Screen is formed by the hologram element and the Substrate 
for reinforcement in which the hologram element is bonded. 
As shown in FIG. 56, the image light 331, which is 
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irradiated by the image projector 33 and formed by the still 
image or animated image, is Scattered and diffused on the 
hologram element so as to form the output light 332. The 
output light 332 reaches the observer 35 so that the image is 
reproduced. The hologram element can be produced by 
irradiating the reference light 3118 and the object light 3117 
on the photosensitive material 3120 in the exposure optical 
system 310 shown in FIG. 55. 
0349. However, in the conventional hologram screen, the 
reproduced color tone of the image is different from the 
color tone of the image light 331 which is generated from the 
image projector 33. For example, the reproduced image 
becomes Slightly green So that the quality of image deterio 
rates. This is because, as shown in FIG. 61, there is a peak 
at a particular wavelength range on the hologram spectrum 
in the hologram Screen. 
0350. In the above mentioned document, i.e., JPP-52 
12568, the laser oscillator which can generates red, green 
and blue light is provided in the exposure optical System 
310, and one photosensitive material 3120 is multiply 
exposed by the red, green and blue lights, in order to resolve 
the above problem. Further, there is another method which 
has been already disclosed. That is, according to this 
method, the red, green and blue laser lights are separately 
used for exposing each photoSensitive material, and three 
photoSensitive materials each of which was exposed by the 
red, green and blue lights, are laminated each other So that 
one hologram element is produced. 
0351. In this method, however, it is necessary to prepare 
at least three laser oscillators each of which can generate the 
red, green and blue laser lights, or each of which can 
generate three kinds of wavelength. As a result, there is a 
problem in which a cost of the exposure optical System 
becomes high and production cost of the hologram Screen is 
increased. Further, although it is necessary to arrange bal 
ance of each intensity of the red, green and blue laser lights, 
it is very difficult to perform this arrangement, and a lot of 
time is required in the manufacturing process. 
0352 Further, in this method, since the red, green and 
blue laser lights are used for exposing the photoSensitive 
material, it is very difficult to arrange characteristic balance 
(i.e., RGB balance) between hologram elements each of 
which is recorded by the red, green and blue laser lights. AS 
a result, Strong unevenness of color partially occurs on the 
hologram Screen So that color of the image, which is 
reproduced on the hologram Screen, becomes worse. 
0353 Still further, in the above hologram element, three 
kinds of light diffusion bodies are recorded by the red, green 
and blue laser lights. As a result, an external light is easily 
diffracted and Scattered in this hologram Screen So that the 
hologram element becomes cloudy. The transparency 
becomes worse on the cloudy hologram element So that 
appearance also becomes worse. 
0354) The third aspect of the present invention aims to 
solve the above problems. That is, the third invention has 
Superior color reappearance on the hologram Screen. Fur 
ther, when producing the hologram element which forms the 
hologram Screen, it is possible to utilize either a single laser 
light, or two color (red and green) laser lights. Still further, 
it is possible to provide the hologram Screen having a low 
producing cost and a simplified producing process, as 
explained in detail below. 

20 
Oct. 30, 2003 

0355 According to the invention defined in claim 14, the 
image light, which is irradiated from the image projector, is 
Scattered and diffused on the hologram Screen So that the 
output light is obtained and the image is reproduced on the 
hologram Screen. 
0356. The method of producing the hologram element is 
characterized in that the half bandwidth of the hologram 
Spectrum is 100 nm or more, and 

0357 the diffusion light obtained by the light diffu 
Sion body in which the light diffusion angle is large, 
is used as the object light, and the non-diffusion light 
is used as the reference light; and both lights are 
irradiated on to the photosensitive material in order 
to form the interference fringe thereon. 

0358. The hologram spectrum is defined as the intensity 
(i.e., efficiency) for each wavelength of the output light 
which is Scattered and diffused on the hologram Screen (see 
FIGS. 53 and 61). The abscissa is the wavelength, and the 
ordinate is the efficiency. Further, the efficient is a ratio of the 
intensity of the output light and the intensity of the incident 
light. 
0359. As shown in FIG. 61, in the hologram spectrum, 
the wavelength at the extreme value of the efficiency is the 
peak wavelength, and the width of the peak at the location 
of a half of the extreme value is defined as the half 
bandwidth. When the half bandwidth becomes Small, the 
peak of the hologram spectrum becomes sharp. When the 
half bandwidth becomes large, the peak of the hologram 
Spectrum becomes gentle. Further, the shape of the hologram 
Spectrum becomes flat when the halfbandwidth is large, and 
the efficiency for each wavelength becomes uniform. 
0360. As mentioned above, in the third aspect of the 
present invention, the half bandwidth of the hologram Spec 
trum is 100 nm or more. Accordingly, it is possible to obtain 
the output light by Scattering and diffusing without emphasis 
of the particular wavelength of the image light, and to obtain 
the hologram Screen which can reappear clearly the color 
tone of the image light (see FIGS. 62 and 63). 
0361 Further, as mentioned above, the object light is 
prepared by the light diffusion body in which the light 
diffusion angle is large, the Scattering extent becomes large. 
Since the object light is irradiated, the half bandwidth of the 
hologram Spectrum of the hologram element becomes 100 
nm or more (see FIGS. 57 and 58). 
0362. Further, since the hologram element is prepared by 
the laser light having the monochrome or two colors (i.e., 
red and green), there is no problem mentioned in the 
conventional art. That is, Since the hologram element is 
prepared by using the exposure optical System having the 
laser oscillator which can generate the laser light having the 
Single color or two colors, it is possible to realize low 
producing cost. Further, Since it is not necessary to arrange 
the intensity balance of three laser lights each having 
different wavelength, it is possible to realize easy produc 
tion. Further, Since the hologram element is prepared by the 
laser light having the monochrome or two colors, there is no 
Scattering and diffusion due to the external light and no 
cloudineSS on the hologram Screen So that it is Superior in the 
transparency. 

0363. In the third aspect of the present invention, since 
the hologram element is transparent, the observer can See 
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through the back of the hologram Screen when the image is 
reproduced. Accordingly, it is very effective to utilize the 
hologram Screen of the third aspect of the present invention 
as the advertising board in the Shopping center, or as the 
ticket window. When the image light is not irradiated on the 
hologram Screen, the hologram Screen is merely transparent 
plate so that there is no influence for the view field. 
0364. On the other hand, when the half bandwidth of the 
hologram Screen is 100 nm or less, Since the output light is 
emphasized for the particular wavelength band, the color 
reappearance of the image light may become worse. Since 
the half bandwidth becomes large, the hologram spectrum 
becomes flat and the color reappearance of the image light 
is improved. However, Since a human eye can recognize 
only visible ray, it is sufficient to set the half bandwidth to 
approximately 400 nm. 
0365. As the light diffusion body in which the light 
diffusion angle is large, it is possible to utilize a double 
faced ground glass, an one-faced ground glass, and an opal 
glass. Further, as a method for enlarging the light diffusion 
angle of the light diffusion body, for example, there is the 
method for enlarging the light diffusion angle by laminating 
a plurality of light diffusion bodies. Further, there is the 
method for changing the Scattering characteristic of the light 
diffusion body itself by changing the material of the light 
diffusion body, or providing the Surface process on the light 
diffusion body. Still further, it is possible to realize the large 
light diffusion angle by combining lens array. In this case, by 
partially changing the f-value of the lens, it is possible to 
partially change the Scattering characteristic of the light 
diffusion body, and to obtain the good Scattering character 
istic. 

0366 The above light diffusion angle will be explained in 
detail below. The Scattering light is generated by irradiating 
the laser light perpendicularly to the light diffusion body. At 
that time, when the intensity of the laser light which trans 
mitted perpendicularly to the light diffusion body is set to 
100, the efficiency of the Scattering light for each output 
angle is measured. In this case, the output angle at the 
efficiency of 50% is the light diffusion angle (see the first 
embodiment). 
0367. According to the invention defined in claim 15, the 
light diffusion angle is preferable at the time when the light 
diffusion angle of the hologram screen is 10 or more. In this 
angle, it is possible to obtain the hologram Screen having 
Superior reappearance. When the light diffusion angle of the 
hologram Screen is 10 or less, the Scattering extent of the 
object light becomes Small, it is difficult to obtain the 
hologram element having the half bandwidth mentioned 
above. Further, although the color reappearance becomes 
good when the light diffusion angle of the light diffusion 
body becomes large, the brightness of the image becomes 
worse So that it is difficult to watch the image. Accordingly, 
it is preferable to set the upper limit of the light diffusion 
angle to the angle 60. Still further, when the hologram 
screen shown in FIG. 56 is used as the display apparatus, it 
is preferable to Set the light diffusion angle in the range from 
36 to 50°. 

0368 According to the invention defined in claim 16, the 
half bandwidth of the hologram spectrum is 100 nm or more. 
The diffusion light obtained by the light diffusion body is 
used as the object light, and the non-diffusion light is used 
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as the reference light. The object light and the reference light 
are irradiated on the photosensitive material having the 
thickness of 1 to 20 um in order to from the interference 
fringe on the hologram element. Accordingly, it is possible 
to obtain the scattered and diffused output light without 
emphasis of the particular wavelength of the image light. AS 
a result, it is possible to realize the hologram Screen which 
can preferably represent the color tone of the image. 

0369. As shown in FIGS. 64 and 65, and in the second 
embodiment, when the thickness of the photoSensitive mate 
rial is changed, the half bandwidth is changed and the peak 
efficiency (the efficiency at the extreme value of the holo 
gram spectrum) is also changed. Accordingly, it is possible 
to obtain the hologram element having the above mentioned 
half bandwidth by using the photoSensitive material having 
the above mentioned thickness. 

0370 Since the above mentioned hologram element can 
be produced by using laser light having the monochrome or 
two colors, it is possible to obtain the hologram Screen 
having the following features, i.e., low producing cost, 
Simplified producing processes, and high transparency. 

0371. On the other hand, when the thickness of the 
photosensitive material is 1 um or less, the image becomes 
very dark Since the efficiency of the hologram element is too 
low So that the observation of the image becomes very 
difficult. Further, when the thickness of the photosensitive 
material is 20 um or more, the half bandwidth is 100 nm or 
leSS So that the color at the particular wavelength becomes 
Strong and the color reappearance becomes Worse. 
0372 According to the invention defined in claim 17, the 
peak wavelength of the hologram spectrum is either 525 nm 
or less, or 585 nm or more. Further, the halfbandwidth of the 
hologram spectrum is 100 nm or more. After the interference 
fringe was formed on the photoSensitive material, the holo 
gram element is produced by adjusting the refractive index 
of the photosensitive material. 

0373) On the other hand, there is a wavelength depen 
dency in the Sensitivity of the human eye (a relative lumi 
nosity factor (i.e., a sensitivity of a human eye)) as shown in 
FIG. 68. That is, as shown in FIG. 68, the spectral luminous 
efficiency becomes the highest (strongest) when the wave 
length is 555 nm. 
0374. In the third aspect of the present invention, the peak 
wavelength of the hologram spectrum is either 525 nm or 
less, or 585 nm or more. The spectral luminous efficiency at 
these wavelengths are 80% for the sensitivity at the peak 
wavelength, i.e., 555 nm. Accordingly, it is possible to 
obtain the hologram Screen which can reappear the original 
color tone of the image light without the particular wave 
length on the image light. 

0375 That is, an amount of change of the refractive index 
of the photoSensitive material is controlled by adjusting the 
process conditions from before exposure of the photoSensi 
tive material until after production of the hologram Screen, 
and it is possible to realize the hologram Screen having good 
color-reappearance. 

0376. In the case of a volume phase type hologram which 
records the interference fringe by utilizing a refractive indeX 
modulation of the photoSensitive material, although the 
extent of the amount of change of the refractive indeX is 
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Slightly changed depending on the photoSensitive material to 
be used, the above extent is Strongly depended to the 
exposure conditions and the proceSS conditions before and 
after the exposure. 
0377 According to the Bragg's formula, 

2nd sin 0=w (8) 

0378 Where, “n” is a refractive index of the photosen 
sitive material, “d” is a pitch of the interference fringe, 0 is 
a half of an intersected angle of the reference light and the 
object light, and ) is a recorded wavelength. 
0379 The pitch “d” of the interference fringe is deter 
mined at the exposure, and the amount of change An of the 
refractive indeX is determined after completion of all pro 
cesses. The reproduced wavelength ), at the reproduction of 
the hologram element can be expressed by the following 
formula. 

W=2(n+An)disin 0 (9) 

0380. As is obvious from the formula (9), when the 
amount of change An of the refractive indeX becomes large, 
the reproduced wavelength ), becomes long. AS mentioned 
above, it is possible to obtain a desired peak wavelength by 
Suitably determining the amount of change An. 
0381 Further, a diffractive efficiency m is also changed 
depending on the amount of change An. When the hologram 
is the phase and transmittion-type hologram, the following 
formula is given theoretically. 

0382 AS is obvious from the above formula, the diffrac 
tive efficiency m is influenced by the amount of change An. 

0383. Further, there is a feature in which the diffractive 
efficiency m is changed sinusoidally. In this case, however, 
Since the above formula is given for a simple lattice (i.e., the 
hologram is formed by one reference light and one object 
light), the above formula becomes more complicated when 
there are a plurality of object lights according to the present 
invention. 

0384. The hologram spectrum is formed as shown in 
FIG. 84. When there are a plurality of object lights accord 
ing to the present invention, one inclined interference fringe 
(i.e., a diffraction lattice) is formed for one object light (i.e., 
an object light having one direction). That is, it is possible 
to form the interference fringe which has different inclina 
tions (i.e., diffraction lattice) depending on the irradiated 
direction of the object light at the location on the light 
diffusion body. The difference of the wavelength occurs 
depending on the difference of inclination when reproducing 
the white light. 
0385) The difference of the wavelength is shown by the 
solid lines in FIG. 84. The diffraction efficiency q is also 
changed depending on the reproduced wavelength oc. 
Accordingly, the efficiency is different due to the reproduced 
wavelength as shown in FIG. 78. As a result, the hologram 
Spectrum on the hologram Screen is formed as shown by 
dotted line in FIG. 84, from a sum of the wavelengths shown 
by the Solid lines. Accordingly, the efficiency is changed 
based on the amount of change An of the refractive indeX for 
each wavelength, and the Shape of the hologram Spectrum, 
i.e., the half bandwidth is also changed. 
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0386 As mentioned above, by changing the amount of 
change An of the refractive index of the photoSensitive 
material after completion of all processes, it is possible to 
change not only the reproduced wavelength, but also the half 
bandwidth. As a result, by Suitably adjusting the amount of 
change An of the refractive index, it is possible to adjust the 
peak wavelength at the hologram Spectrum to either 525 nm 
or less, or 585 nm or more, and to adjust the half bandwidth 
to 100 nm or more. Further, it is possible to adjust the half 
bandwidth based on the exposure intensity, the intensity 
ratio of the reference light and the object light (R/O), and the 
heat conditions after exposure. 
0387 According to the invention defined in claim 18, 
after completion of the interference fringe, the heating 
process is provided to the photoSensitive material in the 
range of 80 to 150. There are some kinds of photosensitive 
materials in which the refractive indeX can be adjusted by 
the heating process after exposure and the efficiency of the 
hologram element is increased. The amount of change An of 
the refractive indeX is changed based on the heating condi 
tions. 

0388 When the heating process is performed, as is obvi 
ous from the formula (9), the peak wavelength at the 
hologram spectrum can be adjusted to 525 nm or less, or 585 
nm or more, and the half bandwidth can be adjusted to 100 
nm or more. In this case, when the temperature at the heating 
process is 80 C. or less, the image becomes dark So that it 
is difficult to observe the image. On the other hand, when the 
temperature exceeds 150 C., and when a film is used as the 
photosensitive material, the film may be deformed. Further, 
the color of the image may be worse due to color of the 
photosensitive material itself. 

0389. Further, it is preferable to set the continuous heat 
ing time in the range of 1 minute to 10 hours. When the 
heating time is 1 minute or less, the efficiency may be worse. 
On the other hand, when the heating time exceeds 10 hours, 
deformation and color may occur in the photoSensitive 
material, and productivity of the hologram Screen becomes 
WOSC. 

0390 Still further, the optimum temperature for the heat 
ing proceSS is different in accordance with kinds of photo 
Sensitive material to be used. For example, as shown in 
FIGS. 80 and 81, the peak wavelength is changed in 
accordance with the heating temperature and the heating 
time. The heating conditions is changed in accordance with 
kinds of photosensitive material, various conditions of the 
exposure optical System, and desired characteristics So that 
it is very difficult to uniformly determine the conditions. 
However, in the case of the photopolymer made by Dupont 
Co., Ltd., it is preferable to set the temperature to 100° C. to 
150 C., and to set the heating time to 2 hours or less. 
0391) Further, the heating method is performed within a 
oven So as not to contact the photosensitive material (front 
and back Surfaces) to other parts during the heating. If the 
photosensitive material contacts to other parts, the difference 
in thermal conductivity occurs between these parts So that 
unevenness of color brightness occur when reproducing the 
Image. 

0392 According to the invention defined in claim 19, a 
Sum of an exposure intensity of the object light and the 
exposure intensity of the reference light is set within 0.02 to 
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50 mW/cm, and the object light and reference light are 
irradiated onto the photosensitive material to form the 
interference fringe in order to provide the hologram element. 
0393 As mentioned in the formula (8), the reproduced 
wavelength is changed in accordance with the amount of 
change An of the refractive indeX which can be changed by 
the exposure intensity. 
0394 For example, in the case of the polymer made by 
Dupont Co., ltd., as disclosed in the document "Holographic 
transmission elements using improved photopolymerfilms’ 
by William J. Gambogiet al., SPIE Vol. 1555, Computer and 
Optically Generated Holographic Optics (Fourth in a 
Series), 1991, pp 256-267, when the exposure intensity 
becomes weak, the amount of change An of the refractive 
indeX becomes large after completion of all processes. 
0395 Accordingly, when the exposure intensity becomes 
weak, the reproduced wavelength ), becomes long. On the 
other hand, when the exposure intensity becomes Strong, the 
reproduced wavelength o' becomes short. AS mentioned 
above, Since it is possible to change the reproduced wave 
length by changing the exposure intensity, it is possible to 
adjust the peak wavelength at the hologram spectrum to 
either 525 nm or less, or 585 nm or more, by Suitably 
adjusting the exposure intensity. Further, based on the for 
mula (10), it is possible to adjust the half bandwidth so as to 
become 100 nm or more. 

(0396). When the sum of the exposure intensity is 0.02 
mW/cm or less, there are problems in which the intensity 
becomes very weak, and the exposure time becomes very 
long, So that unevenness of color may be occur on the 
hologram Screen. On the other hand, when the Sum of the 
exposure intensity is 50 mW/cm’ or more, there are prob 
lems in which the peak wavelength becomes very short, and 
the half bandwidth becomes very narrow, so that the color of 
the reproduced image becomes considerably worse. 
0397 When the exposure intensity is constant, it is pos 
Sible to change the peak wavelength and the half bandwidth 
at the hologram Spectrum in accordance with the intensity 
ratio (R/O) of the object light and the reference light. That 
is, as defined in claim 20, the intensity ratio of the object 
light (O) and the reference light (R) is set to 0.1 to 30, and 
the object light and the reference light are irradiated onto the 
photoSensitive material in order to form the interference 
fringe. As is obvious in FIGS. 66 and 67, and the third 
embodiment, when the intensity ratio R/O becomes Small, 
the halfbandwidth becomes large so that it is possible obtain 
the Superior hologram element. Since the hologram element 
can be prepared by using the laser light having the mono 
chrome or two colors (red and green), there is no problem in 
the third invention compared to the conventional art which 
utilizes the multicolor laser. That is, it is possible to realize 
the hologram element having low producing cost, easy 
producing proceSS, and good transparency. 
0398. When the intensity ratio R/O is 0.1 or less, the 
transparency of the hologram Screen becomes worse. How 
ever, when there is no problem if the transparency becomes 
worse, it is possible to set the intensity ratio R/O to a small 
value in the range in which the hologram efficiency is not 
decreased. In this case, the half bandwidth becomes wide, 
and the color reappearance becomes very good. Further, 
when the intensity R/O is larger than 30, the half bandwidth 
becomes Small and the color reappearance becomes worse. 
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0399. According to the invention defined in claim 21, the 
peak wavelength of the hologram spectrum is either 525 nm 
or less, or 585 nm or more. The hologram element is 
produced by adjusting the thickness of the photosensitive 
material after completion of the interference fringe. 
04.00 When the thickness of the photosensitive material 
is changed from the thickness at the exposure after comple 
tion of all processes, the pitch "d” of the interference fringe 
is also changed after completion of all processes. When the 
amount of change is given to Ad, the reproduced wavelength 
2' is given by the formula (1) as follows when the hologram 
is reproduced. 

04.01. Accordingly, if the thickness of the photosensitive 
material after completion of all processes is larger than the 
thickness at the exposure, the reproduced wavelength ). 
becomes long. On the other hand, if the thickness of the 
photosensitive material after completion of all processes is 
Smaller than the thickness at the exposure, the reproduced 
wavelength ), becomes short. 
0402. According to the invention defined in claim 22, the 
peak wavelength of the hologram Screen is either 525 nm or 
less, or 585 nm or more, in order to avoid the peak 
wavelength for the relative luminosity factor. Further, the 
reference light and the image light are irradiated onto the 
photosensitive material to form the interference fringe in 
Such a way that the incident angle 0, of the reference light 
on the photosensitive material is different from the incident 
angle 0 of the image light on the hologram Screen. As a 
result, it is possible to reproduce the image light with 
Superior color tone without emphasis of the particular wave 
length of the image light. 

0403. In this case, the reproduced wavelength 2c is given 
by the following formula (5). 

2nd-sin 0=WC (12) 

04.04. Where, “n” and “d” are not changed after exposure 
and after production of the hologram element. Accordingly, 
when the incident angle 0e of the image light onto the 
hologram Screen is larger than the incident angle 0, of the 
reference light, the reproduced wavelength 2c becomes 
shorter than the recorded wavelength. On the other hand, 
when the incident angle 0e of the image light onto the 
hologram Screen is Smaller than the incident angle Or of the 
reference light, the reproduced wavelength 2c is shifted to 
the wavelength which is longer than the recorded wave 
length (see FIG.22). As a result, it is possible to obtain the 
hologram element having the peak wavelength of either 525 
nm or less, or 585 nm or more. 

04.05 According to the invention defined in claim 23, it 
is preferable that an amount of angle correction, which is the 
difference between the incident angle 0r of the reference 
light and the incident angle 0e of the image light, is in the 
range of -5 to +5. As a result, it is possible to obtain the 
hologram Screen having the Superior color reappearance. 
When the amount of angle correction is out of the above 
range, there is a problem in which the efficiency of the 
hologram is decreased, and the image becomes dark. 

0406 According to the invention defined in claim 24, the 
half bandwidth of the hologram spectrum is 100 nm or more. 
AS a result, it is possible to obtain the Scattered and diffused 
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output light without emphasis of the particular wavelength 
of the image light. As a result, it is possible to obtain the 
Same effect as the case which enlarges the Scattering extent 
of the object light, and the half bandwidth of the hologram 
Spectrum becomes 100 nm or more. 
0407. The preferred embodiments of the third aspect of 
the present invention will be explained in detail below. 
0408 (First embodiment) 
04.09 The first embodiment is explained in detail with 
reference to FIGS. 53 to 63. As shown in FIG. 56, the image 
light 331 from the image projector 22 is Scattered and 
diffused on the hologram screen 31 so that it is possible to 
obtain the output light 332. As a result, the image is 
reproduced on the hologram Screen 31. In this case, the half 
bandwidth of the hologram spectrum is 100 nm or more on 
the hologram screen (see FIG. 61). 
0410. As shown in FIGS. 53 to 55, the hologram screen 
31 is formed by the hologram element which is prepared by 
the interference fringe. That is, the diffusion light passing 
through the light diffusion body 3116 having the large light 
diffusion angle is used as the object light 3117, and the 
non-diffusion light is used as the reference light 3118. The 
object light 3117 and the reference light 3118 are irradiated 
onto the photosensitive material 3120 in order to form the 
interference fringe. 
0411 AS shown in FIG. 56, the display apparatus 330 is 
formed by the hologram Screen 31, the image projector 33 
and an image Supply apparatus (not shown). The image 
projector 33 is arranged to the upper location opposite to the 
observer 35. In this embodiment, the hologram element is 
the transmission type, and the hologram Screen is formed by 
the hologram element and the transparent board bonded to 
the hologram element in order to Support the same. 
0412. The image light 331 from the image projector 33 is 
Scattered and diffused on the hologram Screen 31 So that it 
is possible to obtain the output light 332. As a result, the 
observer 35 can observe the reproduced image on the 
hologram Screen 31. Since the hologram element is formed 
by the transparent material, it is possible to transmit the back 
light 333 of the background 37 which is arranged opposite 
to the observer 35. Accordingly, the observer can observe the 
background 37 with the image on the hologram screen 31. 
In this case, the image projector 33 may be arranged to the 
location lower than the observer 35 in the opposite side of 
the observer 35. On the other hand, it is possible to form the 
hologram Screen by using the reflection type hologram 
element. 

0413. In the exposure optical system 310 shown in FIG. 
55, the laser light oscillated by the laser oscillator 3110 is 
separated into two lights by the beam splitter 3111 so as to 
form two separated lights 3112 and 3113. The separated light 
3112 becomes the divergent light after passing through the 
object lens 3122, and divergent fight becomes the parallel 
light 3115 after reflected by the parabolic mirror 3114. The 
parallel light 3116 passes through the light diffusion body 
3116 so that it is possible to obtain the diffusion light which 
is used as the object light 3117. The other separated light 
3113 becomes the divergent light after passing through the 
object lens 3121, and the divergent light becomes the 
reference light 3118. In this case, the light diffusion body 
3116 is formed by the double-faced ground glass having the 
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surface roughness of #1000, and “if 1000 means that the 
Surface of the glass is treated by Sands each having a 
diameter of /1000 inches in order to form the cloudy glass. 
0414. The object light 3117 and the reference light 3118 
are irradiated on the photosensitive material 3120 (i.e., the 
photopolymer plate made by Dupont Co.) which is bonded 
on the glass plate 3123, and the interference fringe formed 
by these lights is recorded on the photoSensitive material 
3.120. As a result, it is possible to obtain the hologram 
element in which the light diffusion body 3116 is recorded 
on the photosensitive material 3.120. 
0415. When the image light is irradiated on the hologram 
element, the light diffusion body 3116 is reproduced. 
Accordingly, when irradiating the image light on the holo 
gram element, the image light is Scattered and diffused So 
that the image light becomes the output light, as well as the 
diffusion light output from the light diffusion body 3116. 
0416) The performance evaluation of the hologram 
Screen according to the third embodiment will be explained 
in detail below. In this case, when producing the hologram 
element, the number of the double-faced ground glass, 
which forms the light diffusion body 3116, was changed in 
order to change the Scattering characteristic of the light 
diffusion body 3116. In FIG. 57, when the number of 
double-faced ground glass (#1000) is changed from 1 to 4, 
the scattering characteristic of the light diffusion body 3116 
made by the double-faced ground glass was also changed. 

0417. That is, the laser light is irradiated perpendicular 
onto the Surface of the double-faced ground glass So as to 
obtain the diffusion light, the intensity ratio of the diffusion 
light for each output angle was measured. In measurement 
of the intensity, the intensity of the diffusion light was set to 
“100” when the output angle was 0 (i.e., the direction 
perpendicular to the Surface of the light diffusion body). AS 
is obvious from the drawing, when the number of the 
double-faced ground glass is increased, it is possible to 
obtain the diffusion body having the large Scattering extent. 

0418. In this case, the light diffusion angle of the light 
diffusion body means the output light in which the intensity 
ratio of the Scattering light becomes 50. Accordingly, as 
shown in FIG. 57, the light diffusion angle of the light 
diffusion body formed by only one double-faced ground 
glass is 12. Further, when two double-faced ground glasses 
are used, the light diffusion angle is 22. When three 
double-faced ground glasses are used, the light diffusion 
angle is 36. When four double-faced ground glasses are 
used, the light diffusion angle is 50. Still further, the same 
measurement was performed for one-faced ground glass. AS 
a result of measurement, the light diffusion angle was 7. 
0419) Next, in the exposure system shown in FIG.55, the 
hologram element was produced by using one one-faced 
ground glass, one double-faced ground glass, and 2 to 4 
laminated ground glasses, as the light diffusion body 3116. 
The half bandwidth of the hologram spectrum of the holo 
gram element is shown in FIG. 58. In this case, as other 
conditions besides the light diffusion body 3116, the thick 
ness of the photosensitive material 3120 is 6 um, the 
intensity ratio R/O of the reference light 3118 and the object 
light 3117 at the center of the photosensitive material is 4, 
and the incident angle 0r of the reference light 3118 and the 
incident angle 0e of the reproduced light on the hologram 
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screen 31 are 30° (see FIGS. 55 and 56). As is obvious from 
FIG. 58, the half bandwidth of the hologram spectrum 
becomes broad when the number of the double-faced cloudy 
glass is increased, i.e., when the light diffusion angle of the 
light diffusion body 3116 becomes large. 
0420. The measuring method of the hologram spectrum 
will be explained below. In FIG. 60, when measuring the 
hologram Spectrum at the center of the hologram element 
100, the measuring light 3501 is irradiated with the angle 
0c(0c=0e) from a projector 351, and the output light 3502 is 
output from the center of the hologram element 100. In this 
case, a light receiver 352 is Suitably moved, and the intensity 
of the output light 3502 is measured. In this case, the 
projector 351 corresponds to the image projector at the 
display apparatus, and the light receiver corresponds to the 
observer. Further, it is possible to obtain the peak wave 
length and the peak efficiency from the hologram spectrum 
shown in FIG. 61. In this case, the peak efficiency corre 
sponds to the extreme value of the efficiency at the hologram 
Spectrum. 

0421 Further, in the above producing method, the holo 
gram elements each having the half bandwidth of 60, 80, 
100, 120, 140, 160 and 180 nm were made by Suitably 
changing kinds, the number and other producing conditions, 
of the double-faced ground glass. The above hologram 
Screens were provided in the display apparatus, and the 
image light was irradiated from the image projector in order 
to reproduce the image. 

0422 The image on the hologram screen was observed 
by Sixteen observers, and the evaluation was performed by 
the observers in accordance with the following Seven grades 
regarding the color tone of the image. In this case, the Seven 
grades of the evaluation are as follows. 

0423 GRADE 7->very good color tone, and natural 
color; 

->good color tone, and no feeling 0424 GRADE 6 d col d no feeli 
of difference; 

0425 GRADE 5->slightly different color tone, but 
no feeling of difference; 

0426 GRADE 4->either of them; 
0427 GRADE 3->different color tone, and slight 
feeling of difference; 

0428 GRADE 2->different color tone, and feeling 
of difference; and 

0429 GRADE 1->entirely different color tone, and 
feeling of difference. 

0430. The result of the evaluation is shown in FIGS. 62 
and 63. In FIG. 62, the ordinate is the number of the 
observers, and the abscissa is the half bandwidth of the 
hologram spectrum. In FIG. 63, the ordinate is the evalua 
tion level, and the abscissa is the half bandwidth of the 
hologram spectrum. As shown in FIG. 63, the grade 4 or 
more, i.e., the evaluation level having no feeling of differ 
ence, is 100 nm or more as the half bandwidth. Further, 
when the half bandwidth is 140 nm or more, all observers 
See the grade 5 or more. Accordingly, it is obvious that the 
desirable half bandwidth is 140 nm or more. 

Oct. 30, 2003 

0431. As shown in FIG. 58, when the half bandwidth of 
the hologram spectrum is 100 nm or more, the light diffusion 
angle of the diffusion body is approximately 9 or more. The 
relationship of the light diffusion angle between the holo 
gram element and the light diffusion body is shown in FIG. 
59. In this case, the measuring method of the light diffusion 
angle is the same method as the diffusion body. That is, in 
FIG. 56, the white light from the image projector 33 is 
irradiated onto the hologram Screen 31, and the brightness of 
the output light at the center of the hologram Screen 31 is Set 
to “1”. The brightness of the output light was measured 
when the View line was Swang to left and right directions. In 
this case, the angle which becomes a half of brightness of the 
front was Set to the light diffusion angle of the hologram 
SCCC. 

0432. As shown in FIG. 59, it is obvious that the light 
diffusion angle of the hologram Screen approximately coin 
cides with the light diffusion angle of the light diffusion 
body. Accordingly, when the light diffusion angle of the 
hologram screen is at least 100 or more, the half bandwidth 
of the hologram Spectrum becomes 100 nm or more So that 
it is possible to obtain the color tone of the image having no 
feeling of difference. 
0433. The operation of the third aspect of the present 
invention will be explained in detail blow. The hologram 
spectrum of the hologram element is shown in FIG. 61. AS 
shown in FIG. 61, when the halfbandwidth becomes Small, 
the peak of the hologram Spectrum becomes Sharp. On the 
other hand, when the half bandwidth becomes large, the 
peak of the hologram spectrum becomes gentle. The shape 
of the hologram spectrum becomes flat when the half 
bandwidth is large, the efficiency for each wavelength 
becomes uniform. 

0434. In the hologram screen in this embodiment, the half 
bandwidth of the hologram element is 100 nm or more. 
Accordingly, it is possible to obtain the Scattered and dif 
fused output light without emphasis of the particular wave 
length of the image light, and to obtain the hologram Screen 
which can reappear the good color tone of the image light 
(see FIGS. 62 and 63). 
0435 (Second Embodiment) 
0436 The object light and the reference light are irradi 
ated onto the photosensitive material having the thickness of 
1 to 20 um (for example, the photopolymer made by Dupont 
Co. Ltd. was used.) in order to form the interference fringe 
on the hologram element. The half bandwidth of the holo 
gram element is 100 nm or more. The light diffusion body 
is formed by laminating three double-faced ground glasses. 
Further, the intensity ratio R/O of the reference light and the 
object light at the center of the photoSensitive material is 3, 
and the incident angle 0r of the reference light on the 
photosensitive material (see FIGS. 53 and 55 in the first 
embodiment) and the incident angle 0e of the image light on 
the hologram screen (see FIG. 56 in the first embodiment) 
are 40. 

0437. The half bandwidth and peak efficiency of the 
hologram element, which were prepared in accordance with 
the above conditions, were measured based on the method of 
the first embodiment. The result of measurement is shown in 
FIGS. 64 and 65. As shown in FIG. 64, all half bandwidth 
of all hologram elements are 100 nm or more. AS shown in 
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FIG. 65, when the thickness becomes thin, the peak effi 
ciency becomes Small. It is obvious that the hologram 
element has very good color reappearance of the image as 
shown in FIGS. 62 to 65. Further, when the peak efficiency 
becomes Small, the image becomes dark. Accordingly, when 
the thickness of the photosensitive material is 6 tim, it is 
possible to obtain the best hologram element. 
0438) (Third Embodiment) 
0439. In the third embodiment, the intensity ratio R/O of 
the reference light (R) and the object light (O) is set to 0.1 
to 30, and the reference light and the object light are 
irradiated on the photosensitive material in order to form the 
interference fringe on the hologram element. In this case, the 
half bandwidth of the hologram spectrum is 100 nm or more. 
The light diffusion body is formed by laminating four 
double-faced ground glasses. The intensity ratio R/O of the 
reference light and the object light is 3, and the incident 
angle 0r and the incident angle 0e are 30. As shown in FIG. 
66, when the intensity ratio R/O is in the range of 0.1 to 30, 
the halfbandwidth is 100 nm or more. It is obvious that the 
hologram element has the good color reappearance of the 
image. 
0440 (Fourth Embodiment) 
0441. In this embodiment, the peak wavelength of the 
hologram spectrum is either 525 nm or less, or 585 nm or 
more. The thickness of the photosensitive material (for 
example, the photopolymer made by Dupont Co.) is 6 um. 
The light diffusion body is formed by laminating three 
double-faced ground glasses, and the intensity ratio R/O of 
the reference light and the object light is 0.8, 3 and 5. 
Further, the incident angle Or and the incident angle 0e are 
30°. 

0442. As shown in FIG. 67, as well as the first embodi 
ment, the intensity ratio R/O becomes large, the peak 
wavelength of the hologram is shifted to the short wave 
length side. Further, the peak wavelength of the hologram 
spectrum is either 525 nm or less, or 585 nm or more. When 
the half bandwidth is 100 nm or more, particularly, when it 
is 140 nm or more, it is not necessary that the peak 
wavelength is 525 nm or less, or 585 nm or more. When the 
peak wavelength is either 525 nm or less, or 585 nm or more, 
it is possible to obtain the hologram element having good 
color reappearance. 
0443) Even if the intensity ratio R/O is in the range of 0.1 
to 30, there is the case that the peak wavelength becomes out 
of extent. In FIG. 67, when the intensity ratio R/O is 0.8, the 
peak wavelength is approximately 525 nm. When the inten 
sity ratio is less than 0.8, the peak wavelength becomes 525 
nm or more. This is because the peak wavelength and the 
optimum intensity ratio R/O are changed depending on the 
following conditions, i.e., the incident angle of the reference 
light, the recording wavelength of the hologram element, the 
thickness of the photosensitive material, and the Scattering 
characteristic of the light Scattering body. Accordingly, 
although the intensity ratio R/O is changed in order to Set the 
peak wavelength within the above extent for every change of 
conditions of the hologram production, when the intensity 
ratio R/O is adjusted in the range of 0.1 to 30, it is possible 
to set the peak wavelength to either 525 nm or less, or 585 

O OC. 

0444) Further, there is a wavelength dependency in the 
Sensitivity of a human eye. Accordingly, in the display 
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apparatus shown in FIG. 56, an image state which was 
caught by the human eye is preferably reflected by the 
characteristic which multiplies the hologram Spectrum of the 
image light by the wavelength dependency of the human eye 
shown in FIG. 68. 

0445. The hologram spectrum which was multiplied by 
the spectral luminous efficiency is shown in FIG. 69. Since 
the human spectral luminous efficiency has the large peak at 
the wavelength of 555 nm, the large peak occurs in the 
vicinity of the wavelength of 555 nm as shown in FIG. 69. 
0446. When the image light is reproduced by using the 
hologram screen in which the intensity ratio R/O is 1 and the 
peak wavelength is 547 nm as shown in FIG. 70, the 
reproduced image light has the hologram Spectrum which 
multiplies the hologram spectrum of FIG. 69 by the holo 
gram spectrum of FIG. 70. The new hologram spectrum is 
shown in FIG. 71. As shown in FIG. 71, the green color is 
emphasized in the image by overlapping the emphasis of the 
green due to the hologram Screen with the emphasis of the 
green due to the Spectral luminous efficiency. 
0447 The image is reproduced by using the hologram 
screen having the hologram spectrum shown in FIG. 72, and 
the peak wavelength of this hologram Spectrum is 460 nm. 
The reproduced image light has the hologram spectrum 
which multiplies the hologram spectrum of FIG. 69 by the 
hologram spectrum of FIG.72. The new hologram spectrum 
is shown in FIG. 73. When the peak wavelength of the 
hologram spectrum becomes Small, the peak level of the 
green of the hologram spectrum is reduced as shown in FIG. 
73. 

0448. Accordingly, when providing the hologram screen 
formed by the hologram spectrum having the peak wave 
length at the wavelength of either 525 nm or less, or 585 nm 
or more and avoiding the peak wavelength of the Spectral 
luminous efficiency, it is possible to provide good appear 
ance of color tone of the original image without emphasis of 
the particular wavelength of the image light, and to realize 
the hologram element having Superior color reappearance. 

0449) (Fifth Embodiment) 
0450. In this embodiment, the incident angle 0r of the 
reference light on the photosensitive material is different 
from the incident angle 0e of the image light on the 
hologram Screen, and the reference light and the object light 
are irradiated on the photosensitive material in order to form 
the interference fringe. The peak wavelength of the holo 
gram spectrum is either 525 nm or less, or 585 nm or more. 
In this case, the thickness of the photosensitive material (for 
example, the photopolymer made by Dupont Co. Ltd.) is 6 
tim, and the light diffusion body is formed by laminating 
three double-faced ground glass. Further, the intensity ratio 
R/O of the reference light and the object light is set to 3. 
0451. The hologram screen having the angle 40 as the 
incident angle 0e of the image light was prepared. In this 
case, the incident angle 0r of the reference light was changed 
by 40, 41, 42 and 43. That is, the amount of the angle 
correction (i.e., 0r-0e) was determined as 0, 1, 2 and 3. 
The relationship between the peak efficiency and the amount 
of the angle correction is shown in FIG. 74. As shown in 
FIG. 74, when the amount of the angle correction is changed 
by 0, 1, 2 and 3, the peak wavelength is shifted to the 
short wavelength. That is, the wavelength is shifted to the 
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short wavelength by 13 nm at +1 for 0, and shifted to the 
short wavelength by 18 nm at +2 for +1. In this case, when 
the wavelength is shifted to the long wavelength, the amount 
of the angle correction becomes minus, and the incident 
angle Or of the reference light is Set So as to become Smaller 
than the incident angle 0e of the reproduced light. 

0452. As mentioned above, by changing the incident 
angle Or of the reference light and the incident angle 0e of 
the reproduced light, the peak wavelength of the hologram 
spectrum can be set to either 525 nm or less, or 585 nm or 
more. Since the hologram element according to this embodi 
ment is slipped from the peak of the spectral luminous 
efficiency, it is possible to realize good color reappearance of 
the image. 

0453 (Sixth Embodiment) 
0454. In this embodiment, a plurality of object lights each 
of which have different angle are irradiated onto the photo 
Sensitive material in order to form the interference fringe. 
Further, the half bandwidth of the hologram spectrum is 100 

O OC. 

0455 As shown in FIG. 75, the separated light 3112 (see 
FIG. 55) is further separated by the beam splitter into two 
lights, i.e., the parallel light 3115 and the divergence light 
3.130. The divergence light 3130 is intersected by the parallel 
light 3115 with the angle 0 at the center C of the light 
diffusion body 3116. The parallel light 3115 and the diver 
gence light 3130 are irradiated onto the light diffusion body 
3116 So that it is possible to obtain the diffusion light which 
is used as the object light 3117. On the other hand, the 
separated light 3113 (see FIG. 55) becomes the divergence 
light through the object lens 3121, and the divergence light 
is used as the reference light 3118. The diffusion body 3116 
is formed by two laminated double-faced ground glass 
having the surface roughness of #1000. 

0456. The scattering extent of the object light was mea 
sured by the following method. That is, as shown in FIG. 76, 
a non-transparent plate 3151 having a hole 3150 at the center 
thereof is provided before the diffusion body 3116. The hole 
3150 has a diameter (p10. The parallel light 3115 and the 
divergence light 3130 are irradiated to the hole 3150, and 
output to the diffusion body 3116 with the angle 0. In this 
embodiment, the intensity of the output light of the angle 0 
from the hole through the diffusion body 3116 was measured 
by using a power meter. That is, the intensity ratio of the 
output light of the angle 0 and the output perpendicular to 
the diffusion body 3116 (i.e., the angle 0) was measured by 
the power meter. 

0457. The result of measurement is shown in FIG. 77. 
The curve indicated by the mark “A” is in the case that only 
parallel light 3115 was irradiated onto the light diffusion 
body 3116, and the curve indicated by the mark “O'” is in the 
case that the parallel light 3115 and the divergence light 
3130 were irradiated onto the light diffusion body 3116. 

0458 AS is obvious from the drawing, it is possible to 
improve the Scattering extent of the object light by adding 
the divergence light 3130 to the parallel light 3115. When 
the Scattering extent of the object light is increased, it is 
possible to produce the hologram element having board peak 
wavelength So that it is possible to obtain the hologram 
element having good color reappearance. 
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0459 (Seventh Embodiment) 
0460. In this embodiment, a sum of the exposure inten 
sity of the intensity of the object light and the intensity of the 
reference light was determined in the range of 0.02 to 50 
mW/cm, and the object light and the reference light were 
irradiated on the photoSensitive material in order to form the 
interference fringe on the hologram element. The thickness 
of the photoSensitive material, for example, photopolymer, 
was 6 tim, and the light diffusion body was formed by three 
double-faced ground glass. The intensity ratio of the refer 
ence light and the object light was 4. The incident angle Or 
of the reference light on the photoSensitive material and the 
incident angle 0e of the image light on the hologram Screen 
were 35°. The amount of exposure was 20 m.J/cm. 
0461) As shown in FIGS. 78 and 79, when the sum of the 
exposure intensity (mW/cm) becomes small, the half band 
width becomes broad so that the peak wavelength is shifted 
to the long wavelength. However, in FIG. 78, when the sum 
of the exposure intensity is 0.02 mW/cm or less, the half 
bandwidth becomes narrow. This is because the efficiency of 
the hologram element was decreased due to very long 
exposure time. In this case, it is possible to prevent a narrow 
half bandwidth at the sum of intensity of 0.02 mW/cm or 
less, if the stability of the optical system or the sensitivity of 
the photoSensitive material are improved. 
0462. In this embodiment, it is possible to set the peak 
wavelength at the hologram Spectrum to either 525 nm or 
less, or 585 nm or more, and to set the halfbandwidth to 100 
nm or more, by adjusting the Sum of the exposure intensity 
in the range of 0.02 to 50 mW/cm°. 
0463) (Eighth Embodiment) 
0464) In this embodiment, after completion of the inter 
ference fringe, the ultraviolet light (UV light) having the 
intensity 0.1 mW/cmi was irradiated onto the photosensitive 
material, and the heating conditions was adjusted in the 
range of 80 to 150 in order to form the hologram element. 
In this case, the peak wavelength is either 525 nm or less, or 
585 nm or more, and the halfbandwidth is 100 nm or more. 
0465. Further, the thickness of the photosensitive mate 
rial (the photopolymer was used) was 6 um and 10 um. The 
light diffusion body was formed by three laminated double 
faced ground glass, and the intensity ratio R/O of the 
reference light and the object light was 5. Further, the 
incident angle 0r of the reference light and the incident angle 
0e were 30°, and the amount of exposure was 20 ml/cm. 
The result of measurement is shown in FIGS. 80 to 82. 

0466 As shown in FIGS. 80 and 81, when the heating 
temperature becomes high, the half bandwidth becomes 
broad So that the peak wavelength is shifted to the long 
wavelength. In FIG. 82, the heating temperature is 100 C. 
The half bandwidth is increased during five hours, and 
becomes approximately constant after five hours. 

0467 (Ninth Embodiment) 
0468. In this embodiment, after completion of the inter 
ference fringe, the hologram element was produced in 
accordance with the following conditions. That is, the holo 
gram element was irradiated by the ultraViolet having the 
intensity of 0.1 mW/cm, and heated by 120° during one 
hour. As shown in FIG. 83, after above processes, the 
hologram element 340 was pressed by rollers 345 and 346 
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with a hard Substrate 347 (for example, a glass plate, resin 
plate, etc.) by using a laminator 34, in the conditions of the 
heating temperature 140°C., the pressure of 2 kg/cm, and 
transfer Speed of 10 cm/minute. As a result, the peak 
wavelength of the hologram spectrum was shifted to the 
long wavelength by approximately 30 nm. 

0469. In this case, since the hologram element is heated 
and pressed, the photopolymer becomes Soft. Further, after 
exposure or irradiation of the UV, the hologram element can 
be pressed. In this case, it is possible to Set a low heating 
temperature. Further, when the dichromated gelatin (DCG) 
is used as the photosensitive material, the following adjust 
ments are performed. That is, when the peak wavelength is 
shifted to the long wavelength, a dry plate coated by the 
DCG before exposure, is exposed after vacuum process-in 
the range of 0.1 to 1 (Torr) and from 10 seconds to 2 hours. 
0470 When the Ar laser having the wavelength 514 nm 
is used, the wavelength was shifted to the long wavelength 
by 550 nm in the conditions of 0.2 Torr and 10 minutes, and 
by 590 nm in the conditions of 0.2 Torr and 1.5 hours. When 
the peak wavelength is shifted to the short wavelength, the 
thickness of the photoSensitive material becomes more thick 
than the thickness at the exposure by performing a chemical 
hard-film process after Swelling of the hologram in warm 
water during development. As a result, it is possible to shift 
the peak wavelength to the short wavelength. In this case, 
after Swelling of the hologram in the warm water of 30° C. 
and during five minutes, and after Swelling it in a rapid fixer 
during five minutes with 25 C., the peak wavelength was 
shifted to the 480 nm. 

0471 Explanations of the Fourth Aspect of the Present 
Invention 

0472. Before describing the preferred embodiments, a 
conventional art and its problem are explained below. There 
is a known transparent hologram Screen which can repro 
duce the image based on the output light by Scattering and 
diffusing the image light from the image projector. The 
observer can observe the reproduced image on the hologram 
Screen and can See the background through the hologram 
Screen. This type of the hologram Screen can be utilized, for 
example, in the ticket window in a bank or hospital, as 
mentioned above. Further, the hologram Screen can be 
utilized as an advertising board in a Shopping center, and as 
a head-up display apparatus. 

0473. One example of a display apparatus using the 
transmission type hologram screen is shown in FIG. 110. 
The image projector 412 is arranged at the back of the 
hologram screen 49, i.e., opposite to the observer 48. The 
image light 4120 is irradiated from the image projector 412 
onto the hologram Screen 49 So that the image is reproduced 
on the hologram Screen 49 and the image can be observed by 
the observer 48. 

0474. On the other hand, a display apparatus using the 
reflection type hologram screen is shown in FIG. 111. The 
image projector 412 is arranged at the front of the hologram 
Screen 490, i.e., at the same side as the observer 48. The 
image light 4120 from the image projector 412 is irradiated 
in order to reproduce the image on the hologram Screen 490. 
As shown in FIGS. 112 and 113, two lights, i.e., the object 
light 4320 formed by the diffusion light through the light 
diffusion body 432, and the reference light 4310 formed by 
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non-diffusion light, are irradiated on the photosensitive 
material 4310 in order to expose and form the interference 
fringe thereon. 
0475. In this case, as shown in FIG. 112, when the object 
light 4320 and the reference light 4310 are irradiated from 
the same side on the photoSensitive material 431, it is 
possible to obtain the transmission type hologram Screen 
490. On the other hand, as shown in FIG. 113, when the 
object light 4320 and the reference light 4310 are irradiated 
from the opposite Side each other on the photosensitive 
material 431, it is possible to obtain the reflection type 
hologram screen 490. 
0476. There is, however, a problem in which cloudiness 
occurs on the hologram Screen because the interference 
fringe formed by the object light is recorded thereon. When 
cloudineSS occurs on the Screen, it is very difficult to observe 
the background through the hologram Screen. Particularly, 
when there is no image on the hologram Screen, the observer 
feels difference of the image at the background due to this 
cloudiness. 

0477 Amethod of producing the hologram screen having 
wide view angle has been disclosed, for example, in the 
Japanese Unexamined Patent Publication No. 9-127853. 
According to this method, the diffusion light, i.e., the object 
light, is obtained by irradiating a plurality of lights, each of 
which has different direction, onto the light diffusion body. 
On the other hand, the non-diffusion light is used as the 
reference light. The object light and the reference light are 
irradiated on the photosensitive material in order to form the 
interference fringe. Further, two kinds or more, each having 
different diffusion angle, of the light diffusion bodies are 
bonded so as to form one light diffusion body. Then, the 
object light and the reference light are irradiated on the 
photosensitive material in order to obtain the hologram 
Screen. According to this method, Since it is possible to use 
the diffusion light in which the difference in intensity due to 
Scattering direction is Small, it is possible to obtain the 
hologram Screen having wide View angle. 
0478. On the other hand, since there is a proper feature in 
which the observer can observe the image from only par 
ticular range (a view angle) on the hologram Screen. Accord 
ingly, the hologram Screen having wide view angle has high 
utility in various fields. However, when the view angle 
becomes broad, cloudineSS is increased on the hologram 
SCCC. 

0479. As another method, a method for preventing 
cloudineSS from the image has been disclosed in the Japa 
nese Patent Unexamined Publication No. 9-1276.12. 

0480. It is assumed that the reference light is not irradi 
ated, and only object light is irradiated on the photoSensitive 
material to expose it. When the efficiency m of the holo 
gram Screen obtained by the above conditions is 5% or less, 
the intensity of the object light is given as A. The photo 
Sensitive material is exposed by using the object light and 
the reference light having the intensity which corresponds to 
the intensity A. As a result, it is possible to obtain the 
hologram Screen having no cloudineSS on the image. 
0481. There is a problem, however, in the above method. 
That is, even if the exposure is performed by the object light 
which exceeds the efficiency m of 5%, there is possibility 
in which no cloudineSS is obtained on the hologram Screen. 
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Accordingly, the above conventional method has been yet 
insufficient in order to Solve cloudineSS on the hologram 
SCCC. 

0482 Further, the hologram screen using the dichro 
mated gelatin (DCG) as the photosensitive material has been 
disclosed in the above Japanese Unexamined Patent Publi 
cation No. 9-127612. In this case, it is necessary to provide 
a wet development proceSS in the producing proceSS using 
the DCG. Accordingly, when the DCG becomes hard in the 
development process, Small cracks occur in the DCG So that 
the hologram Screen becomes cloudy. 

0483 The inventors found the fact that, if there is no 
cloudineSS on the hologram Screen, the observer does not 
mind a cloudy State even if the efficiency m becomes large. 
On the other hand, Since the hologram Screen made by the 
DCG frequently becomes cloudy, it is necessary to Set the 
efficiency me to 5% or less. 

0484. The fourth aspect of the present invention aims to 
Solve the above problems, and to provide the hologram 
Screen which has Superior transparency and no cloudiness, 
and can observe clearly the background by the observer. 
Further, a producing method of the hologram Screen is 
provided. 

0485 According to the invention defined in claim 26, the 
image light from the image projector is Scattered and dif 
fused to obtain the output light So that the image can be 
reproduced on the Screen, and the hologram Screen is 
characterized by a haze ratio of 5 to 60%. 

0486 As mentioned above, the hologram screen accord 
ing the fourth aspect of the present invention has the haZe 
ratio of 5 to 60%. Since the haze ratio is set in the range of 
5 to 60%, the light which is input from the external, except 
for the image projector, to the hologram Screen has the low 
Scattering extent, it is possible to output the image with high 
efficiency. Accordingly, when the observer observes the 
hologram Screen, there is no cloudiness of the hologram 
Screen due to the external light, and it is possible to transmit 
the background without cloudiness, and to clearly observe 
the background through the hologram Screen. That is, the 
observer can observe the back at the same time the image 
reproduced on the hologram Screen, different from the 
non-transparent hologram. As a result, this transparent holo 
gram can be utilized as, for example, the advertising board 
in the shopping center. Further, the transparent hologram 
Screen can be utilized as a head-mount display of a mobile 
System. 

0487. When the haze ratio exceeds 60%, there is cloudi 
neSS on the hologram Screen So that it is difficult to clearly 
observe the back. On the other hand, when the haze ratio is 
5% or less, the efficiency of the hologram Screen becomes 
low So that the image becomes dark. 

0488. In general, a haze ratio which indicates cloudiness 
of a transparent plate has been defined, for example, in the 
JIS-K7105 (Japanese Industrial Standard), and this is used in 
the present invention. In the case of the hologram Screen, 
even if the haze ratio becomes high, the observer can clearly 
observe the back, i.e., the hologram Screen has high trans 
parency. 
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0489. The haze ratio can be expressed as follows. 
H=TdTix100 (13) 

0490 Where, H is a haze ratio (%), Tcl is a diffused 
transmission (%), and Tt is an all lights transmission (%). 
Concretely, Tt is the light intensity which is transmitted 
perpendicularly to the center of the light diffusion body or 
the hologram Screen (precisely, the light intensity of the 
Scattering light in the range of 3.5), and Tod is the total 
intensity of the Scattering light at all directions except for the 
center direction. 

0491. The cause of cloudiness of the hologram screen 
will be explained compared to cloudiness of the light 
diffusion body. 

0492. In the general light diffusion body, the incident 
light is Scattered due to unevenness of the Surface, or due to 
particles existing within the diffusion body and Scattering 
the light. As shown in FIG. 103, the beam of light 471 from 
the object 470 at the back of the light scattering body 472 to 
the observer 48 passes through the light scattering body 472 
and output to the observer 48. In this case, a part of beam of 
light 473 goes straight to the observer 48, and the remaining 
lights 4731 and 4732 are always bended to another direc 
tions which are different from the direction of the observer 
48. From this reason, there is obscuration of the image of the 
object 470 at the back when the observer 48 observes the 
image. 

0493 When the haze ratio becomes Small, the bending 
extent of the lights 4731 and 4732 becomes Small. However, 
except that the bending extent is extremely Small, the 
obscuration of the object 470 always occurs when the 
observer 48 observes the image. For example, when the 
beam of lights 4731 and 4732 are bent by 0.1°, there is the 
difference of 3.5 mm at the observer location which is apart 
from the light scattering body 472 by the distance of 2 m. 
Further, there is the difference of 8.7 mm at the observer 
location which is apart from the light scattering body 472 by 
the distance of 5 m. In general, Since a diameter of the pupil 
of human eye is approximately 5 mm, the beam of lights 
4731 and 4732 are bent by only 0.1°, the obscuration of the 
object 470 occurs at the location of the observer 48. 

0494. On the other hand, the hologram screen, as men 
tioned below, the diffusion body which is formed by trans 
mitting the laser light through the light diffusion body or 
reflecting the laser light therefrom is used as the object light, 
and the non-diffusion light is used as the reference light. The 
interference fringe is formed by the object light and the 
reference light, and recorded as the difference in the refrac 
tive index of the material of the photosensitive material. The 
recorded interference fringe functions as the diffractive 
lattice. In general, the material of the hologram Screen is 
transparent, and the Surface thereof is flat. 

0495. As shown in FIG. 104, the direction of the beam of 
light 471 which directs from the object 470 to the observer 
48, is not changed by the interference fringe 4100 recorded 
on the hologram Screen 41. Accordingly, the beam of light 
471 becomes the beam of light 474 directing to the observer 
48 through the hologram screen 41, and the observer can 
observe the object 470 without obscuration. As a result, the 
hologram Screen 41 appears to be transparent by the 
observer 48. 
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0496. In this case, a part of the beam of light 471 is 
diffracted by the interference fringe 4100 and output from 
the hologram screen 41 as the beam of light 475. Since the 
incident direction of the beam of light 474 is different from 
the incident direction of the image light, the intensity of the 
beam of light 475 becomes low compared to the beam of 
light 474. However, since there are many interference 
fringes 4100, the beam of light 475 may become the light 
having a certain grade of the intensity. When the intensity of 
the beam of light 475 becomes strong due to efficiency and 
number of the interference fringe 4100, the haze ratio of the 
hologram Screen 41 becomes high. 

0497. However, the beam of light 474 which is not 
diffracted (see FIG. 104) goes straight to the observer 48, 
and the light path of the beam of light 474 is not bent. 
Accordingly, it is possible to prevent obscuration of the 
object 470 which is arranged at the back of the hologram 
Screen 41. In the case of the hologram Screen 41, even if it 
has high haze ratio compared to the normal light Scattering 
body, it is possible to see the hologram Screen as it is 
transparent. 

0498. On the other hand, cloudiness which-causes non 
transparency of the hologram Screen, occurs due to the fact 
that the external light is diffracted by the normal interference 
fringe (i.e., interference fringe formed by the object light and 
reference light) and another interference fringe formed by 
two object lights (i.e., unnecessary interference fringe), and 
the diffracted light is output to the direction of the observer's 
View line. In this case, the external light indicates the lights 
which are input to the hologram Screen, except for the image 
light irradiated to the hologram Screen and the object light 
from the back of the hologram Screen. 

0499 FIG. 105 is a schematic view of the interference 
fringe 100 recorded on the hologram screen 41. In FIG. 105, 
the interference fringe is shown by three lines each having 
different Slant. However, in actuality, one line is formed by 
a plurality of parallel fringes So that there are many lines 
each having different angles. 

0500. In the interference fringe 100, the interference 
fringe 101 is recorded by the reference light 4310 and the 
object light 4321, the interference fringe 102 is recorded by 
the reference light 4310 and the object light 4322, and the 
interference fringe 103 is recorded by the reference light 
4310 and the object light 4323, as shown in FIG. 106. 
Accordingly, in the interference fringe 100, the image light 
which was input from the same direction as the reference 
light 4310 can be effectively diffracted, but the lights which 
are input from other directions cannot be effectively dif 
fracted. Further, as shown in FIG. 105, when the external 
lights 4711, 4712 and 4713 are input to the hologram screen 
41, a part of the external light is diffracted to the direction 
of the observer's view line. 

0501) As shown in FIG. 107, the interference fringe 4109 
is normally formed by the reference light 4310 and the 
object lights 4328 and 4329, and, at the same time, it is also 
formed by the object lights 4328 and 4329. In this case, the 
interference fringe formed by-two object lights is called 
“Fresnel noise', and a part of the external light is diffracted 
due to “Fresnel noise'. 

0502. As mentioned above, when the external light is 
diffracted by the normal interference fringe and another 
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interference fringe due to “Fresnel noise', and output to the 
direction of the observer's view line, the observer feels 
cloudiness of the hologram Screen. That is, the cloudiness of 
the hologram Screen is caused by a cloudy State of the whole 
of the Surface of the hologram Screen when the external light 
is diffracted by the interference fringe and output to the 
direction of the observer's view line. That is, cloudiness is 
not caused by the Scattering of the background light. Even 
if the Scattering extent of the background light lies in a 
certain high grade, i.e., even if the haze ratio is high, 
cloudiness of the hologram is not observed by the observer 
when the intensity of the external light which is diffracted to 
the observer is weak. AS mentioned above, in the case of 
cloudiness of the hologram Screen, even if the haze ratio is 
high, the cloudiness extent which is observed by the 
observer is Small and different from cloudiness of the normal 
light Scattering body. 
0503) The result of comparison of the hologram screen 
and the normal light Scattering body is explained below. The 
Scattering characteristic (i.e., an intensity distribution for 
each output angle of the output light) of the transmission 
light of the hologram screen having the haze ratio of 30% 
and the light diffusion body having the haze ratio of 5% (for 
example, an anti-glare film AG-30 made by NITTO DENKO 
Co., Ltd.) is shown in FIG. 108. The hologram screen used 
in this embodiment was made based on a method explained 
in the following Second embodiment. 
0504. As shown in FIG. 108, the light scattering body 
has the haze ratio of 5% and the intensity of the output light 
at the direction of the output angle of 0° is approximately 
95%. On the other hand, the hologram screen has the haze 
ratio of 30%, and the intensity of the output light at the 
direction of the output angle of 0 is approximately 75%. 
That is, in the hologram Screen, it is possible to output the 
beam of light having the intensity of 75%, which is not 
Scattered. Since the light having this intensity is not Scat 
tered, it is possible to recognize the back of the hologram 
screen. When the haze ratio is 50%, the light can be 
transmitted by approximately 65% so that it is possible to 
sufficiently observe the back of the hologram screen. How 
ever, Since the intensity of the transmission light becomes 
low, the back becomes slightly dark. According to the 
present invention, it is possible to provide the hologram 
Screen which has good transparency and no cloudiness, and 
can be observed clearly at the back. 
0505 According to the invention defined in claim 27, it 
is preferable that a Screen gain of the hologram Screen is 0.3 
or more. As a result, it is possible to obtain the hologram 
Screen in which the brightness of the image on the hologram 
Screen is not reduced. Accordingly, it is possible to obtain 
the hologram Screen having the clear and Superior image. 
0506 When the hologram screen is arranged into a 
popular room, the back brightness of the hologram Screen 
becomes 400 cd/m. Accordingly, it is necessary to provide 
the brightness exceeding the above in the brightness of the 
image which is imaged on the hologram Screen (see FIG. 
85). 
0507 On the other hand, a high brightness type image 
projector (for example, a liquid crystal projector) which is 
available in the market has a minimum projecting display 
size of 40 inches. Further, it has been known that the 
maximum illuminance of the image projected on this display 
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Size is approximately 4000 lux. Further, in general, the 
Screen gain can be obtained based on the following formula. 

(screen gain)=(brightness.xn)/illuminance 

0508 Accordingly, the screen gain which becomes the 
illuminance of 4000 (lux) and the brightness of 400 (cd/mi) 
is approximately 0.3. AS mentioned above, it is necessary to 
Set the Screen gain to 0.3 or more in order not to reduce the 
brightness of the image on the hologram Screen. If the Screen 
gain is 0.3 or less, the image on the hologram Screen 
becomes dark, and it may be difficult to distinguish from the 
back of the hologram Screen. In this case, the upper limit of 
the Screen gain must be determined So as not to exceed the 
haze ratio of 60% since the haze ratio is increased in 
accordance with increase of the Screen gain. Accordingly, 
the Screen gain cannot be determined uniformly Since it is 
dependent on the characteristic of the hologram Screen. 
0509 According to the invention defined in claim 28, in 
the transmission type or reflection type hologram Screen, the 
intensity ratio E/E of the intensity E of the object light 
and the intensity E of the reference light is changed in 
accordance with the Scattering angle of the light diffusion 
body. In this case, the Scattering angle of the light diffusion 
body is an angle determined when the intensity ratio I0/I is 
0.5. Where, the intensity I is defined by the light intensity 
which is output perpendicularly (i.e., direction of angle 0) 
from the light diffusion body, and the intensity I0 is defined 
by the light intensity which is output to the direction of angle 
0) from the light diffusion body. 
0510) As shown in FIG. 109, the intensity E of the 
object light 4320 and the intensity E. Of the reference light 
4310 are given by a sum of intensity of the object light 4310 
and the reference light 4320 which are irradiated on a unit 
area of the photosensitive material from all directions. Even 
if the intensity ratio E/E is constant, Since the Scattering 
angle of the light diffusion body is changed, the intensity I0 
of the object light 4325 which is output to a certain direction, 
i.e., direction of the angle 0, becomes weak. When the 
intensity 100 becomes weak, the efficiency mc of the 
interference fringe becomes low. 
0511. Accordingly, when the scattering angle of the light 
diffusion body is changed, it is necessary to change the 
intensity 100 in order not to decrease the efficiency mc In 
this case, to change the intensity 100 means the change of 
the intensity E, i.e., the intensity ratio E/E. If the 
efficiency mc becomes low, the reduced image becomes 
dark. 

0512 Further, even if the intensity ratio E/E is con 
stant, the efficiency of the “Fresnel noise” which is formed 
by the interference fringe between two object lights becomes 
large when the Scattering angle of the light diffusion body 
becomes large. AS mentioned above, when the efficiency of 
the “Fresnel noise” becomes large, the cloudiness of the 
hologram Screen becomes large So that the it becomes the 
non-transparent State. Accordingly, it is necessary to change 
the intensity ratio E/E in order to decrease the efficiency 
of the “Fresnel noise'. 

0513. As mentioned above, by changing the intensity 
ratio E/E in accordance with a size of the Scattering angle 
of the light diffusion body, it is possible to increase the 
efficiency mc and to decrease the efficiency of the “Fresnel 
noise'. In the hologram Screen in which the efficiency mc 
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is higher and the efficiency of the “Fresnel noise' is lower, 
the incident light to the hologram Screen is not Scattered So 
that it is possible to irradiate the output light with high 
efficiency. That is, it is possible to easily produce the 
hologram screen having the haze ratio of 5 to 60%. 
0514) When the haze ratio is 5 to 60%, it is possible to 
irradiate the image light with high efficiency. In this case, the 
Scattering extent of the light, which is input from other light 
Sources except for the image projector to the hologram 
Screen, becomes low. Accordingly, when the observer 
observes the hologram Screen, the cloudiness of the holo 
gram Screen due to the external light is Small, the light from 
the back of the hologram Screen is transmitted without 
cloudiness, and can reach the observer. Accordingly, the 
observer can clearly observe the back through the hologram 
Screen. That is, according to the fourth aspect of the present 
invention, it is possible to produce the transparent hologram 
Screen without cloudiness. 

0515. In the exposure optical system, as a method for 
changing the Scattering angle of the light diffusion body, 
there are two methods, i.e., a method for exchanging the 
light diffusion body, and a method for using the light 
diffusion body integrated by laminating a plurality of light 
Scattering bodies each having the same Scattering angle or 
each having different Scattering angle. 
0516 Further, the intensity ratio E/E by Suitably 
changing the intensities E and E. For example, it is 
possible to adjust the change of the intensities E and E by 
Suitably changing the reflection factor of each mirror and 
magnification of the object lens. In particular, it is preferable 
to change the reflection factor of the half-mirror Since it is 
possible to avoid loSS of the laser light. 
0517. In the producing method in this embodiment, it is 
possible to utilize a photopolymer and dichromated gelatin 
as the photosensitive material. However, there is the follow 
ing problem. That is, Since it is necessary to provide a wet 
type development proceSS in the producing process using the 
dichromated gelatin, there is a problem in which cracks 
occur on the photoSensitive material during producing pro 
ceSS So that cloudineSS occurs on the hologram Screen. In the 
present invention, however, it is possible to provide the 
hologram Screen without cloudineSS by using various pho 
toSensitive materials, and to obtain the transparent hologram 
SCCC. 

0518. According to the invention defined in claim 29, 
when enlarging the Scattering angle of the light diffusion 
body, it is preferable to reduce the above intensity ratio 
E/E AS a result, it is possible to obtain the hologram 
Screen without cloudineSS Since the haze ratio becomes 5 to 
60% or less. 

0519 Further, it is possible to obtain the diffusion light 
having broad extent by enlarging the Scattering angle of the 
light diffusion body, and to also obtain the hologram Screen 
having broad view field by using the diffusion light as the 
object light. In the hologram Screen having broad view field, 
Since the image can be observed without a narrow limitation 
of the observer position, this hologram Screen can be utilized 
without limitation in the place in actual use. 
0520. The embodiment will be explained with reference 
to FIGS. 85 to 87 below. As shown in FIG. 85, the image 
light 4120 from the image projector 412 is scattered and 
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diffused so that the output light 4121 can be obtained. 
Further, the hologram screen has the haze ratio of 5 to 60%. 
0521. As shown in FIG. 85, the hologram screen 41 is 
arranged in a showroom 42. In the showroom 42, an 
exhibition 4210 is mounted on a wall 421, and the hologram 
screen 41 is mounted on an inside of a window glass 420. 
The observer 48, who positioned at the outside of the 
showroom 42, can observe the image on the hologram 
screen 42. Further, a lamp 423 is mounted on a ceiling 424 
of the showroom 42, and the light from the lamp 423 
becomes a part of the output light passing through the 
hologram screen 41 and is sent to the observer 48. The light 
from the lamp 423 is irradiated on the exhibition 4210, and 
reflected thereby. Further, the light reflected by the exhibi 
tion is-Sent to the observer 48. A liquid crystal projector is 
used as the image projector 412 which is mounted on the 
ceiling 424. 

0522. In this embodiment, the hologram screen 41 is the 
transmission type, and a method of producing the hologram 
Screen was explained in the Second embodiment. On the 
other hand, as shown in FIG. 111, it is possible to arrange 
the image projector 412 at the same side of the observer 48 
by using the reflection type hologram Screen. Further, it is 
possible to arrange the image projector 412 on the floor 425. 
0523) Next, in the hologram screen according to the 
embodiment, an evaluation test was performed regarding the 
relationship between the haze ratio and the cloudineSS which 
was observed by the observer as follows. That is, in an 
environment shown in FIG. 85, the evaluation test was 
performed by twenty observers regarding visual recognition 
of the exhibition 4210 and grade of cloudiness of the 
hologram Screen. 

0524. As a method for obtaining the hologram screen 
having different haze ratio which was used in this evaluation 
test, the method for producing the hologram Screen shown in 
the embodiment was utilized. That is, the intensity ratio 
E/Eo of the reference light and the object light is changed 
in accordance with the Scattering angle of the light diffusion 
body in the exposure optical system shown in FIG. 88. One 
hologram Screen was formed by laminating a plurality of 
hologram Screens in order to obtain the desired haze ratio. 
0525) The hologram screen 41 used in the evaluation test 
has the width across corners of 20 inches. The horizontal 
illuminance of the light from the lamp 423 was 1000 (lux), 
and the brightness on the wall 421 which becomes the 
background of the hologram screen 41 was 400 (cd/mi). 
Further, the distance between the wall 421 and hologram 
Screen 41 was 5 m, and the illuminance at the side of the 
observer 48 was 1000 (lux). Since the average illuminance 
is 500 (lux) in an office room, and a small shop, Such as a 
convenience store, is 700 (lux), the brightness of the lamp 
423 was set to 1000 (lux). 
0526. The visual recognition of the back of the hologram 
screen 41 was evaluated by the following test. That is, 
Gothic black characters including Chinese characters and 
alphabet, and each having a size of 36-point, were drawn on 
a white paper. This white paper was mounted on the wall 421 
as the background of the hologram Screen and as the 
exhibition 4210. This exhibition 4210, which is not irradi 
ated by the image projector 412, was observed by the 
observer 48 who positioned apart from the hologram screen 
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41 by two meters. Then, the state of the characters (i.e., 
whether it is easy for the observer to read characters on the 
white paper) and the cloudiness extent of the back due to the 
hologram Screen, were Subjectively evaluated by the observ 
CS. 

0527 The result of the evaluation is shown in FIGS. 86 
and 87. In FIG. 86, the evaluation Scale was determined as 
follows. That is, GRADE 7 denotes “very easy to read”, 
GRADE 6 denotes “easy to read”, GRADE 5 denotes 
“slightly easy to read”, GRADE 4 denotes “either of them’, 
GRADE 3 denotes “slightly difficult to read”, GRADE 2 
denotes “difficult to read”, and GRADE 1 denotes "cannot 
read'. 

0528. On the other hand, in FIG. 87, the evaluation scale 
was determined as follows. That is, GRADE 7 denotes 
“completely transparent, GRADE 6 denotes “almost trans 
parent, GRADE 5 denotes “slightly cloudy, but don’t 
mind”, GRADE 4 denotes “slightly cloudy, but either of 
them”, GRADE 3 denotes “cloudy, and do mind”, GRADE 
2 denotes “cloudy, and do mind strongly, and GRADE 1 
denotes "completely non-transparent'. 

0529) As shown in FIG. 86, when the haze ratio of the 
hologram screen 41 is 60% or less, all twenty observers 
judged as "no problem to read characters” (i.e., all observers 
lie in GRADE 4 or more). Further, as shown in FIG. 87, 
when the haze ratio is 60% or less, all observers observe 
slightly cloudy state, but don't mind feeling of difference 
(i.e., all observers lie in GRADE 4 or more). As mentioned 
above, when the haze ratio is 60% or less, it is possible to 
clearly observe the back through the hologram Screen, and 
to obtain the image without cloudiness. 
0530 (Second Embodiment) 
0531. The method for producing the hologram screen is 
explained with reference to FIGS. 88 to 102. As shown in 
FIG. 88, the object light 4320 and the reference light 4310 
are irradiated on the photosensitive material 431 in order to 
form (record) the interference fringe thereon. When chang 
ing the Scattering angle of the light diffusion body 432, the 
intensity ratio E/E of the intensity E of the object light 
4320 and the intensity E of the reference light 4310 is 
changed. 

0532. In FIG. 88, the exposure optical system 43 is 
provided for producing the hologram Screen. In this struc 
ture, the adjustment of the intensity ratio E/E of the 
intensity E of the object light 4320 and the intensity E of 
the reference light 4310 was performed by Suitably changing 
the transmission factor of the half mirror 4391, the reflection 
factor of each mirror 4392, 4393, 4395 and 4396, and the 
magnification of the object lens 4394 and 4397. 
0533. In this case, there is the relationship of L/S=3/2 
between the distance L (i.e., a length of light diffusion body 
432) and the distance S (i.e., a distance between the light 
diffusion body 432 and the photosensitive material 431). 
Further, the photopolymer made by Dupont Co., Ltd. having 
the thickness of 6 um was used as the photosensitive 
material 431, and the double-faced ground glass having the 
surface roughness of #1000 was used as the light diffusion 
body 432. 

0534 AS mentioned above, the object light 4320 and the 
reference light 4310 are irradiated onto the photosensitive 
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material 431 in order to record the interference fringe 
thereon. An amount of the exposure on the photoSensitive 
material 431 was 30 ml/cm. After completion of the 
interference fringe, the ultraViolet was irradiated on the 
photosensitive material 431 with the intensity of 0.1 m/cm, 
and the photosensitive material 431 was heated by tempera 
ture 120° C. during two hours, So that the hologram Screen 
was obtained. 

0535 Since the photosensitive material 431 is formed by 
a thin film, when it is used as the hologram Screen, the thin 
film is Supported by a transparent plate which is bonded 
thereto. Various performances of the above hologram Screen 
were evaluated by the following test. In this test, the light 
diffusion body was formed by four kinds of light diffusion 
bodies each having different angle as shown in FIG. 89. The 
haze ratio of each hologram Screen was measured as shown 
in FIG. 90. As shown in FIG. 90, when the intensity E/E, 
is the same, the haze ratio becomes Small in accordance with 
increase of the Scattering angle of the light diffusion body. 
On the other hand, when the haze ratio is the Same, the 
intensity E/E becomes Small in accordance with increase 
of the Scattering angle of the light diffusion body. AS is 
obvious from the graph, when the intensity E/E becomes 
large, the above characteristic appears considerably. In FIG. 
91, the relationship between the Scattering angle and the 
intensity E/E in the case of the haze ratio of 30% and 50% 
is shown in FIG. 91. 

0536 Further, the relationship between the haze ratio and 
the intensity E/E due to the “Fresnel noise” formed by the 
interference fringe between two object lights, was checked 
as follows. That is, in the exposure optical System 43 shown 
in FIG. 88, the light diffusion body having the scattering 
angle of 36 was used, and the haze ratio due to the “Fresnel 
noise' was checked for the case only when the intensity 
E/E is 20 or less, as shown in FIG. 93. 
0537. As shown in FIG. 93, when the intensity E/E is 
6 or less, the haze ratio is considerably increased. When the 
intensity E/E is 10 or more, the haze ratio becomes 
constant by approximately 3%. Accordingly, the haze ratio 
of 3% is considered as the haze ratio based on the material 
itself which forms the hologram Screen. 
0538 Further, as is obvious from comparison of the 
graph of FIG. 90 with the graph of FIG. 92, the hologram 
Screen having the interference fringe due to the “Fresnel 
noise' has the lower haze ratio. This reason is as follows. 
That is, when the photoSensitive material is exposed by only 
object light, all energy of the object light are used for the 
preparation of “Fresnel noise”. However, when there is the 
reference light, an amount of energy to be consumed for the 
“Fresnel noise' becomes Small. Further, the haze ratio based 
on the normal interference fringe formed by the object light 
and the reference light becomes low. On the other hand, the 
haze ratio which occurs in the large intensity E/E is 
almost caused by the normal haze ratio. 
0539 Accordingly, when producing the hologram screen 
having relatively high haze ratio, if the haze ratio due to the 
“Fresnel noise' is checked as shown in FIGS. 92 and 93, 
and if the intensity of the object light and the amount of 
exposure are set to the Same as the desired haze ratio, it is 
possible to Set the haze ratio of the hologram Screen to a 
value lower than the desired haze ratio. 

0540 AS shown in FIG. 92, in the case of the hologram 
screen produced based on the “Fresnel noise” and the 
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Scattering angle of 12 as the light diffusion body, the haze 
ratio becomes 5% when the intensity E/E is 6. For the 
hologram Screen having the haze ratio of 5%, a “completely 
transparent hologram Screen was recognized by all twenty 
observers (i.e., This corresponds to GRADE 7 of the evalu 
ation). 
0541. On the other hand, as shown in FIG.90, in the case 
of the hologram Screen produced based on the normal 
interference fringe and the Scattering angle of 12 as the light 
diffusion body, the haze ratio becomes 20% when the 
intensity E/E is 6. For the hologram Screen having the 
haze ratio of 20%, a “transparent hologram Screen was 
recognized by all twenty observers (i.e., This corresponds to 
GRADE 6 and GRADE 7). 
0542. When the hologram screen is produced based on 
the above processes, it is possible to reduce the haze ratio 
due to the “Fresnel noise” until the grade in which there is 
no influence for cloudiness of the hologram Screen. Further, 
it is possible to reduce the haze ratio due to the normal 
interference fringe until the grade in which the transparency 
of the hologram Screen can be ensured. 
0543. Next, in the exposure optical system shown in FIG. 
88, the relationship between the scattering angle of the light 
diffusion body used at the production of the hologram Screen 
and the intensity E/E at the exposure is shown in FIG. 94. 
Since the haze ratio of the hologram Screen is approximately 
5%, it is very transparent (see FIGS. 86 and 87). When the 
Scattering angle becomes large, it is possible to obtain the 
hologram Screen having the same haze ratio by reducing the 
intensity ER/Eo. 
0544) Further, the relationship between the diffraction 
efficiency mc of the normal interference fringe at the 
hologram Screen, which was produced by using the light 
diffusion body of the scattering angle of 36, and the 
intensity E/E at the exposure, as shown in FIG. 95. In the 
measurement of the diffraction efficiency m, as shown in 
FIG. 96, the light 4751 was irradiated with the angle 0c to 
the hologram screen 41, and the light 4752, which was 
transmitted through the hologram screen 41 without diffrac 
tion by the interference fringe, was measured. The distribu 
tion of the transmitted light 4752 is shown in FIG.97, and 
an area shown by Slant lines is defined as the diffraction 
efficiency mc of the hologram Screen. 
0545) As shown in FIG.95, the diffraction efficiency m 
becomes large in accordance with decrease of the intensity 
E/E. When the intensity E/E is 3 or less, it becomes 
approximately constant. Accordingly, as shown in FIGS. 90 
and 95, when producing the hologram Screen, by producing 
it when the intensity E/E is 3, it is possible to reduce the 
haze ratio of the hologram Screen without decrease of the 
normal diffraction efficiency mc Further, Since the holo 
gram screen has the haze ratio of 30%, cloudiness of the 
hologram Screen was not recognized by the observers (see 
FIGS. 86 and 87). 
0546). Further, the intensity E/E is obtained for each 
light diffusion body shown in FIG. 89, and the relationship 
between the intensity and the Scattering angle is shown in 
FIG. 98. As shown in FIG. 98, it is necessary to reduce the 
intensity E/E in accordance with increase of the Scattering 
angle of the light diffusion body. The Screen gain of the 
hologram screen shown in FIG. 98 is shown in FIG. 99. As 
shown in FIG. 99, the screen gain at each scattering angle 
exceeds 0.3. 
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0547 As shown in FIGS. 90 and 95, the haze ration 
becomes high in accordance with increase of efficiency of 
the hologram screen. Further, as shown in FIG. 92, the haze 
ratio due to the “Fresnel noise” also becomes high. 
0548 AS is obvious from the above explanations, in the 
case that the brightness of the image is not always necessary, 
i.e., the efficiency of the hologram Screen is not always 
required based on an environmental conditions using the 
hologram Screen, it is possible to produce the hologram 
Screen having good transparency by reducing the diffraction 
efficiency miso of the hologram Screen. 
0549. Further, in the change of the scattering angle of the 
light diffusion body 432, the Scattering angle is adjusted in 
Such a way that, the larger the Scattering angle, the Smaller 
the intensity ratio E/E, when changing the intensity ratio 
E/E AS a result, it is possible to clearly observe the back 
through the hologram Screen, and to produce the hologram 
Screen having no cloudineSS and good transparency. Further, 
when the Screen gain is 0.3 or more, it is possible to produce 
the hologram Screen which can clearly recognize the image. 
0550 Even if the exposure conditions is set as the dif 
fraction efficiency mc of the normal interference fringe of 
the hologram Screen is constant, there is the case in which 
the haze ratio becomes low in accordance with increase of 
the efficiency of the Fresnel noise'. For example, in the 
production of the hologram Screen based on the conditions 
in which the Scattering angle of the light diffusion body is 
36 and intensity ratio E/E is 3, as shown in FIG. 100, 
when the amount of exposure becomes constant or more, the 
diffraction efficiency mc of the normal interference fringe 
becomes constant, but the haze ratio is increased as shown 
in FIG. 101. In this case, the amount of exposure is 
determined to a value in which the diffraction efficiency m 
becomes constant, i.e., 30 m.J/cm. 
0551 Further, it is possible to change the haze ratio in 
accordance with the thickness of the photosensitive material 
when producing the hologram Screen. The change of the 
haze ratio is shown in FIG. 102 when changing the thick 
ness of the photosensitive material. As is obvious from FIG. 
102, it is preferable to use thin film as far as possible in the 
extent of characteristic of the hologram Screen in order to 
obtain low haze ratio. 

0552. As shown in FIG. 112, the object light and the 
reference light are irradiated from the same direction. In this 
case, it is possible to obtain the transmission type hologram 
Screen. On the other hand, the object light and the reference 
light are irradiated from the different direction each other. In 
this-case, it is possible to obtain the reflection type hologram 
SCCC. 

1. A hologram Screen for reproducing an image based on 
an output light obtained by Scattering and diffusing an image 
light from an image projector, characterized in that; 
when a white light is used as the image light and projected 

on the hologram Screen; and when a distance between 
two points at optional two points A and B on a Surface 
of the hologram Screen is given by 20 cm or less, and 
a value of the CIE 1976 chromaticity coordinate (u', v) 
at the point A is given by (UA, VA) and the value of the 
CIE 1976 chromaticity coordinate (u', v) at the point B 
is given by (u'B, VB), 
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the output light, which is output perpendicularly from the 
Surface of the hologram Screen, has a color distribution 
in which a color difference Au'v' between two points. A 
and B is derived from the following formula (1) and 
given by 0.06 or less, where, the formula (1) is 
expressed by, 

2. A hologram Screen for reproducing an image based on 
an output light obtained by Scattering and diffusing an image 
light from an image projector, characterized in that; 

when a white light is used as the image light and projected 
on the hologram Screen; and when a distance between 
two points at optional two points A and B on a Surface 
of the hologram Screen is given by 20 cm or less, and 
a value of the CIE 1976 chromaticity coordinate (u', v) 
at the point A is given by (u'A, VA) and the value of the 
CIE 1976 chromaticity coordinate (u', v) at the point B 
is given by (u'B/v'B); 

the output light, which is output to a viewpoint defined by 
the following formula (2) from the surface of the 
hologram Screen, has a color distribution in which a 
color difference Au'v' between two points A and B is 
derived from the following formula (1) and given by 
0.01 or less, where, the formula (1) is expressed by, 
Au'v'-(u'a-u'B)-H(v'A-v'B) 2 (1) 

and, where, the formula (2) is expressed by, 
HT2L=0.1 (2) 

in the formula (2), L is a distance between the Viewpoint 
and a center of the hologram Screen, and H is a length 
of the hologram Screen at the direction of the height. 

3. A hologram Screen as claimed in claim 1, wherein a 
Spectral characteristic of the output light, which is output 
perpendicularly from the Surface of the hologram Screen, has 
a characteristic in which either a difference between peak 
wavelengths at the whole of the Surface of the hologram 
Screen is given by 120 nm or less, or a difference between 
half bandwidth is given by 100 nm or less. 

4. A method for producing a hologram Screen in an 
exposure optical System in which a diffusion light obtained 
by a light diffusion body is used as an object light, and a 
non-diffusion light is used as a reference light, characterized 
in that, when producing the hologram Screen defined in 
claim 1 or 2 by irradiating the object light and the reference 
light onto a photoSensitive material and by exposing the 
photosensitive material, the photoSensitive material has a 
thickness distribution which is inclined to an incident direc 
tion of the reference light. 

5. A method for producing a hologram Screen as claimed 
in claim 4, wherein when an incident angle of the reference 
light to the photoSensitive material becomes large, the 
thickness distribution of the photosensitive material 
becomes thick. 

6. A method for producing a hologram Screen as claimed 
in claim 4, wherein when the thickness at a center of the 
photosensitive material is To, and when thickness difference 
of both ends of the photosensitive material is AT, the 
following relationship, i.e., ATS0.5 To, is defined. 
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7. A method for producing a hologram Screen as claimed 
in claim 4, wherein the thickness distribution of the photo 
sensitive material is defined by the following formula (3), 
i.e., 

where, T is a thickness at an optional point on the 
photosensitive material, To is a thickness at the center 
of the photoSensitive material, R is an incident distance 
of the reference light at the optional point on the 
photosensitive material, Ro is the incident distance of 
the reference light at the center on the photoSensitive 
material, 0 is an incident angle of the reference light at 
the center of the photosensitive material, and “b' is a 
coefficient determined by the thickness of the photo 
sensitive material and given by 0<b<1. 

8. A method for producing a hologram Screen in an 
exposure optical System in which a diffusion light obtained 
by a light diffusion body is used as an object light, and a 
non-diffusion light is used as a reference light, characterized 
in that, when producing the hologram Screen defined in 
claim 1 or 2 by irradiating the object light and the reference 
light onto a photoSensitive material and by exposing the 
photoSensitive material, an ultraViolet is previously irradi 
ated onto the photosensitive material So as to have an energy 
distribution which is inclined to an incident direction of the 
reference light. 

9. A method for producing a hologram Screen as claimed 
in claim 8, wherein the energy distribution of the ultraviolet 
is given by the following formula (4), i.e., 

0.8Es Euva 1.2E, and E=0.01(R-R)+Eo (4) 

where, R is the incident distance of the reference light at 
the optional point on the photoSensitive material, EuV 
is an amount of energy of the ultraViolet irradiated to 
the optional point on the photoSensitive material, Ro is 
the incident distance of the reference light at the center 
of the photosensitive material, and E is the amount of 
energy of the ultraviolet irradiated to the center of the 
photosensitive material. 

10. A method for producing a hologram Screen in an 
exposure optical System in which a diffusion light obtained 
by a light diffusion body is used as an object light, and a 
non-diffusion light is used as a reference light, characterized 
in that, when producing the hologram Screen defined in 
claim 1 or 2 by irradiating the object light and the reference 
light onto a photoSensitive material and by exposing the 
photoSensitive material, an incident distance of the reference 
light at an optional point of the reference light is shorter than 
an incident distance of an image light which is irradiated 
from an image projector when reproducing the image on the 
hologram Screen. 

11. A method for producing a hologram Screen in an 
exposure optical System in which a diffusion light obtained 
by a light diffusion body is used as an object light, and a 
non-diffusion light is used as a reference light, characterized 
in that, when producing the hologram Screen defined in 
claim 1 or 2 by irradiating the object light and the reference 
light onto a photoSensitive material and by exposing the 
photoSensitive material, an intensity ratio of the reference 
light and the object light is defined by a relationship of 
I/I-10, on the whole of the Surface of the photoSensitive 
material, where, I is the intensity of the reference light, and 
It is the intensity of the object light. 
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12. A method for producing a hologram Screen in an 
exposure optical System in which a diffusion light obtained 
by a light diffusion body is used as an object light, and a 
non-diffusion light is used as a reference light, characterized 
in that, when producing the hologram Screen defined in 
claim 1 or 2 by irradiating the object light and the reference 
light onto a photoSensitive material and by exposing the 
photosensitive material, at least two Sets of the following 
Steps a) to d) are combined when producing the hologram 
Screen, i.e., 

a) step of using the photosensitive material having the 
thickness distribution which is inclined to an incident 
direction of the reference light; 

b) Step of using the photosensitive material previously 
irradiated by an ultraViolet So as to have an energy 
distribution which is inclined to the incident direction 
of the reference light; 

c) Step of shortening an incident distance of the reference 
light at an optional point on the photoSensitive material 
than the incident distance of the image light which is 
irradiated from an image projector when reproducing 
the image on the hologram Screen; and 

d) Step of defining an intensity ratio of the reference light 
and the object light by the relationship of I/Is 10, on 
the whole of the surface of the photosensitive material, 
where, I is the intensity of the reference light, and I 
is the intensity of the object light. 

13. A method for producing a hologram Screen formed by 
interfering of a reference light and an object light transmit 
ted through a light diffusion body, and by recording the light 
diffusion body on a photosensitive material, characterized in 
that, a mirror is arranged approximately perpendicular to the 
light diffusion body; 

the photosensitive material and the light diffusion body 
are rotated by the same angle 0 around an axis which 
is intersected perpendicularly to a center of the photo 
Sensitive material and used as a rotational center; 

and a polarized direction of a laser light is defined by 
either P-polarization or S-polarization which is inclined 
by the angle in the range of 0-5 to 0+5. 

14. A hologram Screen for reproducing an image based on 
an output light obtained by Scattering and diffusing an image 
light from an image projector, characterized in that, a half 
bandwidth of a spectral characteristic of the hologram Screen 
is given by 100 nm or more; a diffusion light which is 
obtained by a light diffusion body having a large light 
diffusion angle is used as an object light; a non-diffusion 
light is used as a reference light; and the object light and the 
reference light are irradiated on a photoSensitive material in 
order to form an interference fringe So that a hologram 
element is produced. 

15. Ahologram Screen as claimed in claim 14, wherein the 
light diffusion angle of the-hologram Screen is defined by an 
angle in which the light diffusion angle of the hologram 
screen is 10 or more. 

16. A hologram Screen for reproducing an image based on 
an output light obtained by Scattering and diffusing an image 
light from an image projector, characterized in that, a half 
bandwidth of a spectral characteristic of the hologram Screen 
is given by 100 nm or more; a diffusion light which is 
obtained by a light diffusion body is used as an object light; 
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a non-diffusion light is used as a reference light; and the 
object light and the reference light are irradiated on a 
photoSensitive material having thickness of 1 to 20 um in 
order to form an interference fringe So that a hologram 
element is produced. 

17. A hologram Screen for reproducing an image based on 
an output light obtained by Scattering and diffusing an image 
light from an image projector, characterized in that, a peak 
wavelength of the hologram Screen is either 525 nm or less, 
or 585 nm or more; a half bandwidth of a spectral charac 
teristic of the hologram screen is 100 nm or more; a diffusion 
light which is obtained by a light diffusion body is used as 
an object light; a non-diffusion light is used as a reference 
light; the object light and the reference light are irradiated on 
a photoSensitive material in order to form an interference 
fringe, and a refractive index of the photosensitive material 
is adjusted So that a hologram element is produced. 

18. A hologram Screen as claimed in claim 17, wherein the 
diffusion light which is obtained by the light diffusion body 
is used as the object light; the non-diffusion light is used as 
the reference light; the object light and the reference light are 
irradiated on the photosensitive material in order to form the 
interference fringe, and a heat treatment is performed for the 
photosensitive material in the range of 800 to 150° C. So that 
a hologram element is produced. 

19. A hologram screen as claimed in claim 17, wherein the 
diffusion light which is obtained by the light diffusion body 
is used as the object light; the non-diffusion light is used as 
the reference light; a Sum of an exposure intensity of the 
object light and the exposure intensity of the reference light 
is defined in the extent of 0.02 to 50 mW/cm; the object 
light and the reference light are irradiated on the photosen 
Sitive material in order to form the interference fringe So that 
a hologram element is produced. 

20. A hologram Screen as claimed in claim 17, wherein the 
diffusion light which is obtained by the light diffusion body 
is used as the object light; the non-diffusion light is used as 
the reference light; an intensity ratio (R/O) of the intensity 
(O) of the object light and the intensity (R) of the reference 
right is defined by 0.1 to 30; and the object light and the 
reference light are irradiated on the photoSensitive material 
in order to form the interference fringe So that a hologram 
element is produced. 

21. A hologram Screen for reproducing an image based on 
an output light obtained by Scattering and diffusing an image 
light from an image projector, characterized in that, a peak 
wavelength of the hologram Screen is either 525 nm or less, 
or 585 nm or more; a diffusion light which is obtained by a 
light diffusion body is used as an object light, a non 
diffusion light is used as a reference light; the object light 
and the reference light are irradiated on a photoSensitive 
material in order to form an interference fringe, and a 
thickness of of the photosensitive material is adjusted So that 
a hologram element is produced. 

22. A hologram Screen for reproducing an image based on 
an output light obtained by Scattering and diffusing an image 
light from an image projector, characterized in that, a peak 
wavelength of the hologram Screen is either 525 nm or less, 
or 585-nm or more; a diffusion light which is obtained by a 
light diffusion body is used as an object light, a non 
diffusion light is used as a reference light; an incident angle 
Or of the reference light to a photosensitive material is 
different from an incident angle 0e of the image light to the 
hologram Screen; and the object light and the reference light 
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each having the above different angle are irradiated on the 
photosensitive material in order to form an interference 
fringe So that a hologram element is produced. 

23. A hologram Screen as claimed in claim 22, wherein an 
amount of angle correction which indicates a difference 
between the incident angle or and the incident angle 0e is 
defined by the extent of -5 to +5. 

24. A hologram Screen for reproducing an image based on 
an output light obtained by Scattering and diffusing an image 
light from an image projector, characterized in that, a half 
bandwidth of a spectral characteristic of the hologram Screen 
is given by 100 nm or more; a diffusion light which is 
obtained by a light diffusion body is used as an object light; 
a non-diffusion light is used as a reference light; and a 
plurality of object lights each having different angle are 
irradiated on a photosensitive material in order to form an 
interference fringe So that a hologram element is produced. 

25. A hologram Screen for reproducing an image based on 
an output light obtained by Scattering and diffusing an image 
light from an image projector, characterized in that, when 
producing the hologram Screen based on the conditions in 
which a half bandwidth of a spectral characteristic of the 
hologram Screen is given by 100 nm or more, and a peak 
wavelength of the hologram Screen is either 525 nm or less, 
or 585 nm or more; any one or more of the following Steps 
(A) to (H) is used when producing the hologram Screen, i.e., 

(A) step of forming the interference fringe on a photo 
Sensitive material in Such a way that a diffusion light 
which is obtained by a light diffusion body having a 
large diffusion angle is used as an object light, a 
non-diffusion light is used as a reference light, and the 
object light and the reference light are irradiated on the 
photosensitive material; 

(B) step of forming the interference fringe on the photo 
Sensitive material in Such a way that the diffusion light 
which is obtained by the light diffusion body is used as 
the object light, the non-diffusion light is used as the 
reference light, and the object light and the reference 
light are irradiated on the photoSensitive material hav 
ing a thickness of 1 to 20 um; 

(C) step of forming the interference fringe on the photo 
Sensitive material in Such a way that the diffusion light 
which is obtained by the light diffusion body is used as 
the object light, the non-diffusion light is used as the 
reference light, an intensity ratio (R/O) of an intensity 
(O) of the object light and the intensity (R) of the 
reference light is given by 0.1 to 30; and the object light 
and the reference light are irradiated on the photosen 
Sitive material; 

(D) step of forming the interference fringe on the photo 
Sensitive material in Such a way that the diffusion light 
which is obtained by the light diffusion body is used as 
the object light, the non-diffusion light is used as the 
reference light, an incident angle Or of the reference 
light to the photosensitive material is different from an 
incident angle 0e of the image light to the hologram 
Screen; and the object light and the reference light each 
having the above different angle are irradiated on the 
photosensitive material in order to form the interfer 
CICC 

(E) step of forming the interference fringe on the photo 
Sensitive material in Such a way that the diffusion light 




