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(57) ABSTRACT 

There is provided a light source device which can miniaturize 
a two-dimensional image display device as Small as possible. 
The light source device is provided with three coherent light 
Sources (11a), (11b), and (11c) corresponding to red, blue, 
and green; prisms (12a) and (12c) for reflecting lights emitted 
from the coherent light sources (11a) and (11c); and a dif 
fraction part (20) comprising a single Volume hologram on 
which plural gratings are multiply-formed, which gratings 
diffract the light emitted from the coherent light source (11b). 
and the lights that are emitted from the coherent light sources 
(11a)and (11c) and reflected by the prisms (12a) and (12b) so 
that these lights propagate in the same optical path. 
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LIGHT SOURCE DEVICE, AND 
TWO-DMENSIONAL IMAGE DISPLAY 

DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a light source device 
and a two-dimensional image display device and, more par 
ticularly, to a light source device that realizes miniaturization 
of a two-dimensional image display device, and a compact 
two-dimensional image display device using the light Source 
device. 

BACKGROUND ART 

0002. In recent years, a two-dimensional image display 
device (laser display device) capable of representing bright 
colors has attracted attention. This device adopts three coher 
ent light Sources of red, green, and blue (e.g., laser light 
Sources), and has a construction as shown in FIG. 13. 
0003. In FIG. 13, reference numeral 600 denotes a two 
dimensional image display device using conventional laser 
light sources. The two-dimensional image display device 600 
comprises red, green, and blue laser light sources 601a, 601b, 
and 601c, beam expanders 602a, 602b, and 602c, light inte 
grators 603a, 603b, and 603c, mirrors 604a and 604c., diffu 
sion plates 606a, 606b, and 606c, diffusion plate wobbling 
means 605a, 605b, and 605c, spatial light modulation ele 
ments 607a, 607b, and 607c, field lenses 608a, 608b, and 
608c, a dichroic prism 609, and a projection lens 610. 
0004. In the two-dimensional image display device 600, 
lights emitted from the red, green, and blue laser light sources 
601a, 601b, and 601c are expanded by the beam expanders 
602a, 602b, and 602c, and pass through the light integrators 
603a, 603b, and 603c, respectively. The optical paths of the 
red and blue lights that pass through the light integrators 603a 
and 603c are bent at 90° by the mirrors 604a and 604c, 
respectively, while the optical path of the green light that 
passes through the light integrator 603b is not bent, and the 
respective lights irradiate the spatial light modulation ele 
ments 607a, 607b, and 607c through the field lenses 608a, 
608b, and 608c, and the diffusion plates 606a, 606b, and 
606c, respectively. The lights emitted from the three kinds of 
laser light sources 601a, 601b, and 601c pass through the light 
integrators 603a, 603b, and 603c, respectively, whereby the 
illumination distributions on the spatial light modulation ele 
ments 607a, 607b, and 607c are made uniform. The lights 
which are individually modulated by the spatial light modu 
lation elements 607a, 607b, and 607c are multiplexed by the 
dichroic prism 609 to be coaxial beams that propagate in the 
same optical path, and further, enlarged and projected by the 
projection lens 610 to be focused on the screen 61. At this 
time, since the laser light interference is high, speckle noises 
are Superposed on the image projected on the screen 61. In 
order to avoid the speckle noises, the diffusion plates 606a, 
606b, and 606c are wobbled by the diffusion plate wobbling 
means 605a, 605b, and 605c, respectively, whereby the 
speckle noises are temporally averaged. 
0005. In the conventional two-dimensional image display 
device 600 shown in FIG. 13, however, in order to expand the 
lights from the three kinds of laser light sources 601a-601c 
and make the intensity distributions of the lights uniform, 
three beam expanders and three light integrators are needed. 
Further, in order to convert the lights from the three kinds of 
laser light sources into coaxial beams which are parallel to 
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each other and propagate in the same optical path, a lot of 
lenses and mirrors must be disposed in the device. Conse 
quently, the conventional two-dimensional image display 
device is undesirably increased in scale. 
0006. In order to solve this problem, the optical system of 
the two-dimensional image display device may be constituted 
such that, as shown in FIG. 14, initially lights emitted from 
laser light Sources corresponding to three colors of red, green, 
and blue are mixed using dichroic mirrors, and thereafter, the 
mixed light is transmitted through a beam expander and a 
light integrator. 
0007. In FIG. 14, reference numeral 700 denotes a con 
ventional two-dimensional display device using laser light 
sources. The two-dimensional image display device 700 
comprises red, green, and blue laser light sources 701a, 701b, 
and 701c, collimator lenses 704a, 704b, and 704c., first and 
second dichroic mirrors 705a and 705b, a beam expander 
702, a light integrator 703, a projection lens 10, and a liquid 
crystal panel 71. 
0008. The dichroic mirror is obtained by laminating mul 
tiple films on a glass Substrate, and varies the transmissivity in 
accordance with the wavelength. In the two-dimensional 
image display device 700 shown in FIG. 15, the first dichroic 
mirror 705a reflects lights of wavelengths shorter than a 
threshold wavelength of about 580 nm, and passes only lights 
having wavelengths longer than this threshold wavelength. 
The second dichroic mirror 705b reflects lights of wave 
lengths shorter than a threshold wavelength of about 490 nm, 
and passes only lights having wavelengths longer than this 
threshold wavelength. 
0009. In the conventional two-dimensional image display 
device 700 using the laser light sources, initially, lights emit 
ted from the red, green, and blue laser light sources 701a, 
701b, and 701c are collimated by the collimator lenses 704a, 
704b, and 704c., respectively, and the collimated lights are 
converted to coaxial beams that are parallel to each other and 
propagate through the same optical path, by the first and 
second dichroic mirrors 705a and 705b, and thereafter, the 
coaxial beams are applied to the beam expander 702. The 
light beams incident on the beam expander 702 are expanded 
by the beam expander 702 and then pass through the light 
integrator 703. The light integrator 703 includes two fly-eye 
lenses 703a and 703b each comprising rectangle element 
lenses being two-dimensionally arrayed, and a collimator 
lens 703c. The lights incident on the respective element lenses 
of the first fly-eye lens 703 are focused on the two-dimen 
sional spatial light modulation element by the second fly-eye 
lens 703b, whereby the light intensity distributions on the 
respective element lenses are multiplexed on the two-dimen 
sional spatial light modulation element, and consequently, the 
light intensity distribution on the two-dimensional spatial 
light modulation element becomes uniform. 
0010. The light that passes through the light integrator 703 
and thereby has the uniform intensity distribution is focused 
on the liquid crystal panel 71 by the projection lens 710 (refer 
to Japanese Published Patent Application No. 10-293268 
(Patent Document 1)). 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 
0011. As described above, the scale of the whole two 
dimensional image display device can be further reduced in 
the construction shown in FIG. 14 wherein the lights emitted 
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from the respective laser light sources 701a-701c are multi 
plexed by the first and second dichroic mirrors 705a and 705b 
to convert them into coaxial beams, and then the coaxial 
beams are expanded, and thereafter, the light intensity distri 
butions thereof are made uniform by the light integrator 703, 
relative to in the construction shown in FIG. 13 wherein the 
lights emitted from the respective laser light sources 
601a-601c are expanded by the beam expanders 602a-602c, 
and then the light intensity distributions thereof are made 
uniform by the light integrators 603a-603b, and thereafter, 
the light beams are multiplexed by the dichroic prism 609 to 
convert them into coaxial beams. 
0012. In the conventional two-dimensional image display 
device, however, even when the whole optical system thereof 
is constituted as shown in FIG. 14, the number of parts is still 
large and thereby the device Scale is too large to install the 
device on a compact device Such as a handy phone. 
0013 The present invention is made to solve the above 
described problems and has for its object to provide an ultra 
compact light source device that can be mounted on a com 
pact device, and a compact two-dimensional image display 
device using the light source device. 

Measures to Solve the Problems 

0014. In order to solve the above-mentioned problems, a 
light Source device according to the present invention com 
prises at least two coherent light Sources; and a diffraction 
part for diffracting light which is emitted from at least one of 
the coherent light sources so that the respective lights emitted 
from the at least two coherent light sources propagate through 
the same optical path. 
0015 Therefore, the respective lights emitted from the 
plural coherent light sources can be easily multiplexed in the 
diffraction part, resulting in an ultracompact light Source 
device. 
0016 Further, in the light source device according to the 
present invention, the optical propagation paths of the respec 
tive lights emitted from the at least two coherent light sources 
overlap each other on the diffraction part. 
0017. Therefore, the light source device can be further 
miniaturized. 
0018. Further, in the light source device according to the 
present invention, the center axes of the optical propagation 
paths of the respective lights emitted from the at least two 
coherent light Sources intersect at one point on the diffraction 
part. 
0019. Therefore, the light source device can be further 
miniaturized. 
0020. Further, in the light source device according to the 
present invention, the at least two coherent light Sources are 
disposed on the same Submount. 
0021. Therefore, heat radiation of three light sources can 
be carried out by heat radiation of the single submount, 
whereby heat radiation of the light sources in the light source 
device can be realized by the simple construction. 
0022. Further, in the light source device according to the 
present invention, the coherent light sources are a coherent 
light Source that emits red light, a coherent light source that 
emits blue light, and a coherent light source that emits green 
light. 
0023 Therefore, a compact light source device that emits 
R, G, and Blights can be provided. 
0024. Further, in the light source device according to the 
present invention, the light emitted from at least one coherent 
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light source among the coherent light sources passes through 
the diffraction part without being diffracted by the diffraction 
part. 
0025. Therefore, the production process of the diffraction 
part can be reduced, thereby providing the light source device 
at lower cost. 

0026. Further, in the light source device according to the 
present invention, the diffraction part comprises a single dif 
fraction element, and the diffraction element diffracts the 
light emitted from at least one coherent light source so that the 
respective lights emitted from the at least two coherent light 
Sources propagate through the same optical path. 
0027. Therefore, the diffraction part is downsized, 
whereby the light source device can be ultra-miniaturized. 
0028. Further, in the light source device according to the 
present invention, the diffraction element is further provided 
with a lens function. 

0029. Therefore, the respective lights emitted from the 
plural coherent light sources can irradiate the same planar 
region above the diffraction element. 
0030. Further, in the light source device according to the 
present invention, the diffraction part comprises a first dif 
fraction element for receiving at least two lights, and diffract 
ing at least one of the received lights so that the received at 
least two lights propagate through the same optical path; and 
a second diffraction element for diffracting the light emitted 
from at least one coherent light source among the at least two 
coherent light sources so that the center axes of the optical 
propagation paths of the lights emitted from the respective 
coherent light sources intersect at one point on the first dif 
fraction element. 

0031. Therefore, it is possible to provide, at lower cost, a 
compact light source device in which the diffraction part can 
easily convert the respective lights emitted from the plural 
coherent light Sources into coaxial beams to multiplex the 
SaC. 

0032. Further, in the light source device according to the 
present invention, the second diffraction element is further 
provided with a lens function, and the second diffraction 
element condenses the respective lights emitted from the at 
least two coherent light sources so that the respective lights 
diffracted by the second diffraction element irradiate the 
same region of the first diffraction element. 
0033. Therefore, the respective lights emitted from the 
plural coherent light sources can irradiate the same region of 
the first diffraction element that is disposed above the second 
diffraction element. 

0034) Further, in the light source device according to the 
present invention, the diffraction element is a volume holo 
gram, and plural gratings are multiplexed on the Volume 
hologram, which gratings receive the respective lights emit 
ted from the at least two coherent light Sources, and change 
the propagation directions of the respective lights. 
0035. Therefore, it is possible to realize an ultra-miniatur 
ized light source device in which the diffraction part can 
easily convert the respective lights from the plural coherent 
light Sources into coaxial beams to multiplex the same. 
0036 Further, in the light source device according to the 
present invention, the diffraction element is regionally 
divided, and the respective lights that are diffracted in the 
divided regions of the diffraction element irradiate the same 
planar region. 
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0037. Therefore, the diffraction element can be provided 
with the function of a light integrator, whereby the intensity 
distributions of the lights that irradiate the space can be made 
uniform. 
0038. Further, in the light source device according to the 
present invention, the diffraction element is regionally 
divided in a lattice pattern. 
0039. Therefore, the intensity distributions of the lights 
that irradiate the space can be made more uniform. 
0040. Further, a two-dimensional image display device 
according to the present invention comprises at least two 
coherent light sources; a diffraction part for diffracting light 
emitted from at least one coherent light Source so that the 
respective lights emitted from the at least two coherent light 
Sources propagate in the same optical path; and a two-dimen 
sional spatial light modulation element for receiving the 
respective lights that are diffracted by the diffraction part to 
be coaxial beams, said element being provided in a space 
above the diffraction part. 
0041. Therefore, it is possible to miniaturize the two-di 
mensional image display device that displays the lights emit 
ted from the light source device. 
0042. Further, the two-dimensional image display accord 
ing to the present invention further includes a control part for 
controlling the operations of the at least two coherent light 
Sources, and the at least two coherent light sources are a 
coherent light Source that emits red light, a coherent light 
Source that emits green light, and a coherent light source that 
emits blue light, and the control part controls the three coher 
ent light sources so that the coherent light sources are time 
shared to sequentially emit lights. 
0043. Therefore, it is possible to display a moving picture 
in the two-dimensional image display device. 

Effects of the Invention 

0044 According to the present invention, a light Source 
device having plural coherent light Sources is provided with a 
diffraction part that diffracts the respective lights emitted 
from the coherent light sources so that the lights propagate in 
the same optical path. Therefore, an optical system for mul 
tiplexing the respective lights emitted from the plural coher 
ent light sources into coaxial beams can be downsized, 
thereby providing an ultracompact light source device. 
0045. Further, according to the light source device of the 
present invention, the light emitted from at least one coherent 
light source among the plural coherent light sources passes 
through the diffraction part without being diffracted by the 
diffraction part. Therefore, the number of gratings to be mul 
tiplexed on the diffraction part can be reduced, whereby the 
light source device can be constituted at low cost. 
0046. Further, according to the light source device of the 
present invention, the diffraction part is constituted by first 
and second diffraction gratings, and the second diffraction 
grating diffracts the lights from the plural coherent light 
Sources so that these lights irradiate the same region of the 
first diffraction element, while the first diffraction grating 
diffracts the respective lights that pass through the second 
diffraction element so that these lights become coaxial 
beams. Therefore, it is possible to provide a compact light 
source device which can easily multiplex the lights from the 
plural light sources to be coaxial beams. 
0047. Further, according to the light source device of the 
present invention, the plural coherent light sources are dis 
posed on the same submount. Therefore, heat radiation of the 
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plural light sources can be carried out by heat radiation of the 
single Submount, thereby facilitating heat radiation of the 
light Source device. 
0048. Further, according to the light source device of the 
present invention, the diffraction part is regionally divided, 
and the divided regions of the diffraction part are respectively 
provided with plural gratings as well as functions of concave 
lenses. Therefore, the intensity distributions of the lights 
emitted from the diffraction part can be made uniform as well 
as the lights emitted from the plural coherent light sources can 
be easily converted into coaxial beams to be multiplexed. 
Further, the diffraction part having the light integrator that 
makes the intensity distributions of the lights emitted from the 
diffraction part uniform is more compact and can be fabri 
cated using cheaper materials as compared with the conven 
tional lens array, whereby the light source device can be 
realized at lower cost. 
0049 Further, according to the two-dimensional image 
display device of the present invention, the light source device 
is miniaturized using the diffraction element, whereby the 
two-dimensional image display device can be miniaturized. 
0050. Further, according to the two-dimensional image 
display device of the present invention, since the diffraction 
part of the light source device also has the function of a light 
integrator, the intensity distributions of the lights emitted 
from the light source device become uniform without the 
necessity of using fly array lenses that are conventionally 
needed for making the light intensity distributions uniform, 
whereby the two-dimensional image display device in which 
the intensity distributions of the lights from the light sources 
are uniform can be more miniaturized, and further, the num 
ber of constituents of the two-dimensional image display 
device can be reduced. As the result, the two-dimensional 
image display device having the uniform intensity distribu 
tions of the lights from the light Sources can be easily 
assembled at low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0051 FIGS. 1(a) and 1(b) are a side view and a plan view 
illustrating a construction of a light source device according 
to a first embodiment of the present invention. 
0.052 FIG. 2 is a diagram illustrating a method for fabri 
cating a diffraction part according to the first embodiment of 
the present invention, and more specifically, FIGS. 2(a), 2Gb), 
and 20c) illustrate processes for fabricating gratings that dif 
fract lights emitted from green, blue, and red laser light 
Sources, respectively. 
0053 FIGS.3(a) and 3(b) are a side view and a plan view 
illustrating another construction of a light source device 
according to the first embodiment of the present invention. 
0054 FIGS. 4(a) and 4(b) are a side view and a plan view 
illustrating still another construction of a light source device 
according to the first embodiment of the present invention. 
0055 FIGS. 5(a) and 5(b) are a side view and a plan view 
illustrating a construction of a light source device according 
to a second embodiment of the present invention. 
0056 FIG. 6 is a diagram illustrating a method for fabri 
cating a second Volume hologram of a diffraction part accord 
ing to the second embodiment of the present invention, and 
more specifically, FIGS. 6(a), 6(b), and 6(c) illustrate pro 
cesses for fabricating gratings that diffract lights emitted from 
green, blue, and red laser light sources, respectively. 
0057 FIG. 7 is a diagram illustrating a method for fabri 
cating a first volume hologram of the diffraction part accord 
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ing to the second embodiment of the present invention, and 
more specifically, FIGS. 7(a), 7(b), and 7(c) illustrate pro 
cesses for fabricating gratings that diffract lights emitted from 
green, blue, and red laser light Sources, respectively. 
0058 FIGS. 8(a) and 8(b) are a side view and a plan view 
illustrating a construction of a light source device according 
to a third embodiment of the present invention. 
0059 FIG. 9 is a diagram for explaining a method for 
fabricating a grating for green light of a diffraction part 
according to the third embodiment of the present invention, 
and more specifically, FIGS. 9(a)-9(d) illustrate processes 
for performing interference exposure onto divided four 
regions that are arranged in one line. 
0060 FIG. 10 is a diagram for explaining a method for 
fabricating a grating for blue light of the diffraction part 
according to the third embodiment of the present invention, 
and more specifically, FIGS. 10(a)-10(d) illustrate processes 
for performing interference exposure onto divided four 
regions that are arranged in one line. 
0061 FIG. 11 is a diagram for explaining a method for 
fabricating a grating for red light of the diffraction part 
according to the third embodiment of the present invention, 
and more specifically, FIGS.11(a)-11(d) illustrate processes 
for performing interference exposure onto divided four 
regions that are arranged in one line. 
0062 FIG. 12 is a diagram illustrating a construction of a 
two-dimensional image display device according to a fourth 
embodiment of the present invention. 
0063 FIG. 13 is a diagram illustrating an example of a 
conventional two-dimensional image display device. 
0064 FIG. 14 is a diagram illustrating another example of 
a conventional two-dimensional image display device. 

DESCRIPTION OF REFERENCE NUMERALS 

0065. 10.10a, 10b,10c ... submount 
0066 11a, 11b, 11c.21a,21b.21c,601a,601b,601c,701a, 
701b,701c ... laser light source 
0067. 12a.12b.12c... prism 
0068 32 ... divided regions 
0069. 32a,32b,32c... grating 
0070). 20.220,320... diffraction part 
0071 221 ... first volume hologram 
0072 222. . . second volume hologram 
0073. 222a.222b.222c... grating 
0074 30.607a,607b,607c,707... spatial light modulation 
element 
0075 51,61 ... screen 
0076) 71... liquid crystal panel 
0077 100,100a,100b,200,300... light source device 
0078 500,600,700 . . . two-dimensional image display 
device 
0079 510,710... projection lens 
0080 520... control unit 
0081 530 . . . video signal switching unit 
0082 540 ... laser switching part 
0.083 550a,550b,550c... laser driving unit 
0084. 560,608a,608b,608c ... field lens 
I0085 602a,602b,602c ... beam expander 
I0086 603a,603b,603c... light integrator 
0087 604a,604c... mirror 
I0088 605a,605b,605c... diffusion plate wobbling means 
I0089. 606a,606b,606c ... diffusion plate 
0090. 609... dichroic prism 
0091 610... projection lens 
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704a,704b,704c ... collimator lens 
705a,705b ... dichroic mirror 

0092 
0093 

BEST MODE TOEXECUTE THE INVENTION 

0094. Hereinafter, embodiments of the present invention 
will be described. 

Embodiment 1 

0095. In this first embodiment, a description will be given 
of a light source device in which a single diffraction element 
diffracts light beams emitted from three coherent light 
Sources that emit red, blue, and greenlights so that these lights 
become coaxial beams, thereby to multiplex the respective 
lights. In the following description, "coaxial beams' means 
lights that propagate in the same optical path, and “light axis' 
means a center axis of a light propagation path. 
0096 FIG. 1 is a diagram illustrating the construction of 
the light source device according to the first embodiment, 
wherein FIG. 1(a) is a side view and FIG. 1(b) is a plan view. 
(0097. In FIG. 1, reference numeral 100 denotes a light 
Source device according to the first embodiment, and the light 
source device 100 is used as a light source for a two-dimen 
sional image display device. The light source device 100 
includes coherent light sources, i.e., three semiconductor 
lasers 11a-11c emitting red light, blue light, and green light 
(hereinafter referred to simply as “laser light sources'), and a 
submount 10, such as a silicon substrate, on which the laser 
light sources 11a-11c are directly mounted. Further, the light 
Source device 100 includes a diffraction unit 20 which is 
disposed above the submount 10, and diffracts light beams 
emitted from at least one coherent light source, in this first 
embodiment, light beams emitted from the two laser light 
sources 11a, 11b, and 11c, so that all the light beams emitted 
from the three coherent light sources become coaxial beams; 
and prisms 12a, 12b, and 12c which are disposed on the 
submount 10, and reflect the light beams emitted from the 
three laser light sources 11a, 11b, and 11c so that the light 
beams emitted from the laser light sources 11a, 11b, and 11c 
irradiate the same region of the diffraction unit 20. Further, a 
spatial light modulation element 30 for spatially modulating 
the amplitudes of the respective lights which are converted to 
the coaxial beams by the diffraction unit 20 is disposed above 
the diffraction part 20. 
0098. The respective laser light sources 11a-11c are sur 
face-emitting lasers, and the red and green laser light sources 
11a and 11b are disposed on a single straight line while the 
blue laser light source 11b is disposed on a straight line that is 
perpendicular to the above-mentioned straight line. The 
reflection angles of the reflection surfaces of the prisms 12a, 
12b, and 12c are set so that the light axes of the emitted lights 
from the laser light sources 11a, 11b, and 11c, which are 
reflected at the reflection surfaces, and the light axis of the 
emitted light from the laser light source 11b intersect at one 
point on the diffraction unit 20. 
0099. In this first embodiment, the diffraction unit 20 com 
prises a single Volume hologram. A plurality of gratings for 
diffracting the lights emitted from the respective laser light 
Sources 11a-11C to convert these lights into coaxial beams 
are multiply-formed in the volume hologram. The volume 
hologram of the first embodiment also has a lens function for 
condensing the respective lights that pass through the diffrac 
tion unit 20 so that the respective lights irradiate the same 
region of the spatial light modulation element 30 disposed 
above the diffraction part 20. 
0100 Hereinafter, a method for fabricating the diffraction 
part 20 according to the first embodiment will be described. 
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0101 FIG. 2 is a diagram illustrating a method for fabri 
cating the Volume hologram according to the first embodi 
ment, wherein FIG. 2(a) shows a method of forming a grating 
for the light emitted from the green light laser source 11c. 
FIG. 2(b) shows a method of forming a grating for the light 
emitted from the blue light laser source 11b, and FIG. 2(c) 
shows a method of forming a grating for the light emitted 
from the red light laser source 11a. 
0102 For example, a light source Lg1 and a light source 
Lg2 which have the same wavelength as that of the greenlight 
laser source 11c are used for fabrication of a grating corre 
sponding to the light emitted from the greenlight laser Source 
11c. At this time, the light Sources Lg1 and Lg2 emit laser 
lights which are emitted from the same light source and 
divided. For example, light emitted from a single laser Source 
is introduced into an optical fiber, and further, the fiber is 
divided into two fibers by a fiber coupler, and the emission 
facets of the two fibers are disposed in the positions of the 
light sources Lg1 and Lg2, respectively. Further, the light 
Source Lg1 is disposed so that its optical position with respect 
to the volume hologram 20 matches the position of the laser 
light source 11c shown in FIGS. 1(a) and 1(b), and the light 
Source Lg2 is disposed in the center of projection that projects 
the light emitting surface of the diffraction part 20 onto the 
entire light receiving Surface of the spatial light modulation 
element 30. In this first embodiment, since the spatial light 
modulation electrode 30 is positioned directly above the dif 
fraction part 20, the light source Lg2 is disposed on a straight 
line that is perpendicular to the light emission Surface of the 
diffraction part 20 (refer to FIG. 2(a)). Then, the volume 
hologram is subjected to interference exposure with the lights 
emitted from the light sources Lg1 and Lg2. Thereby, an 
interference pattern is recorded on the Volume hologram to 
fabricate a Bragg grating that diffracts and condenses the light 
emitted from the laser light source 11c. 
0103) A light source Lb1 and a light source Lb2 which 
have the same wavelength as that of the blue light laser source 
11b are used for fabrication of a grating corresponding to the 
light emitted from the blue light laser source 11b. At this time, 
the light sources Lb1 and Lb2 emit laser lights which are 
emitted from the same light source and divided. For example, 
light emitted from a single laser source is introduced into an 
optical fiber, and further, the fiber is divided into two fibers by 
a fiber coupler, and the emission facets of the two fibers are 
disposed in the positions of the light sources Lb1 and Lb2, 
respectively. Further, the light source Lb1 is disposed so that 
its optical position with respect to the volume hologram 20 
matches the position of the laser light source 11b shown in 
FIG. 1, and the light source Lb2 is disposed in the same 
position as the light source Lg2 (refer to FIG. 2(b)). Then, the 
Volume hologram is subjected to interference exposure with 
the lights emitted from the light sources Lb1 and Lb2. 
Thereby, an interference pattern is further recorded on the 
Volume hologram to fabricate a Bragg grating that condenses 
the light emitted from the laser light source 11b. 
0104. A light source Lr1 and a light source Lr2 which have 
the same wavelength as that of the red light laser source 11a 
are used for fabrication of a grating corresponding to the light 
emitted from the green light laser source 11a. At this time, the 
light sources Lr1 and Lr2 emit laser lights which are emitted 
from the same light source and divided. For example, light 
emitted from a single laser source is introduced into an optical 
fiber, and further, the fiber is divided into two fibers by a fiber 
coupler, and the emission facets of the two fibers are disposed 
in the positions of the light sources Lr1 and Lr2, respectively. 
Further, the light source Lr1 is disposed so that its optical 
position with respect to the volume hologram 20 matches the 
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position of the laser light source 11a shown in FIG. 1, and the 
light source Lr2 is disposed in the same position as the light 
source Lg2 (refer to FIG. 2(c)). Then, the volume hologram is 
subjected to interference exposure with the lights emitted 
from the light sources Lr1 and Lr2. Thereby, an interference 
pattern is further recorded on the volume hologram to fabri 
cate a Bragg grating that condenses the light emitted from the 
laser light Source 11a. 
0105. The interference exposure of the volume hologram 
must be carried out three times so that the gratings corre 
sponding to the respective emitted lights from the three laser 
Sources are formed in the single Volume hologram, and there 
fore, each interference exposure is carried out with Such a 
light intensity that the photosensitive material constituting 
the volume hologram is completely exposed by the three 
times of exposures. 
01.06 Next, the function and effect will be described. 
0107. In the light source device 100, when lights are emit 
ted from the laser light sources 11a-11c of red, blue, and 
greenlights which are disposed on the Submount 10, the lights 
emitted from the three laser light sources 11a, 11b, and 11c 
are reflected by the prisms 12a, 12b, and 12c on the submount 
10 so that the light axes of the respective emitted lights inter 
sect at one point on the diffraction part 20. 
0108. Then, the red, blue, and green laser lights emitted 
from the respective laser light sources 11a, 11b, and 11c are 
multiplexed by the gratings corresponding to the respective 
lights in the diffraction part 20 so as to be coaxial beams as 
shown in FIG. 1, and the coaxial beams irradiate the same 
area of the spatial light modulation element 30, i.e., the light 
receiving surface. That is, the emitted lights from the red, 
blue, and green laser light sources 11a, 11b, and 11c, which 
are reflected by the prisms, are respectively diffracted and 
condensed when passing through the diffraction part 20. 
Thereby, the light emitted from the diffraction part 20, which 
is obtained by multiplexing the lights emitted from the three 
laser light Sources, irradiates the light receiving Surface that is 
a given area of the spatial light modulation element 30. 
0109 As described above, according to the first embodi 
ment, the light source device is provided with the three laser 
light sources 11a-11c, and the diffraction part 20 comprising 
a single Volume hologram which multiplexes the lights emit 
ted from the laser light sources 11a-11c so that these lights 
become coaxial beams. Therefore, the optical system for 
converting the lights emitted from the three laser light sources 
into coaxial beams can be miniaturized, thereby realizing an 
ultracompact two-dimensional image display device that can 
be mounted on a compact apparatus Such as a handy phone. 
0110. Further, since the three light sources are disposed on 
the same submount 10, heat radiation of the three light 
Sources can be carried out by heat radiation of the single 
submount 10, whereby heat radiation of the light sources in 
the light source device can be facilitated. 
0111. Further, in this first embodiment, surface-emitting 
lasers are adopted as the three light sources 11a-11c, and the 
blue light laser is disposed on a straight line that is perpen 
dicular to a straight line connecting the green light laser and 
the red light laser. However, arrangement of the laser light 
Sources is not restricted thereto. 
0112 For example, a surface-emitting laser is used as a 
blue light laser, and this is disposed between the green light 
laser and the red light laser. FIGS. 3(a) and 3(b) are a side 
view and a plan view illustrating a light source device 100a of 
such construction. In FIGS.3(a) and 3(b), the same reference 
numerals as those shown in FIGS. 1(a) and 1(b) denote the 
same elements as those of the light source device 100. 
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0113. In this case, the number of prisms disposed on the 
submount 10 can be reduced, whereby the cost of the light 
source device 100 can be reduced. 
0114. Further, while in this first embodiment the semicon 
ductor laser chips as the laser light Sources are disposed on the 
same Submount 10, the semiconductor laser chips as the laser 
light sources may be mounted on different Submounts 
10a-10c, respectively, as in a light source device 100b shown 
in FIGS. 4(a) and 4(b). FIGS. 4(a) and 4(b) areaside view and 
a plan view of the light source device 100b, wherein the same 
reference numerals as those in FIGS. 1(a) and 1(b) denote the 
same elements as those of the light source device 100. 
0115. When the semiconductor laser chips as the three 
light Sources are mounted on the separated Submounts 
10a-10c, respectively, the degree of freedom in layout of the 
three light Sources is increased, thereby facilitating design of 
the light source device in a compact apparatus. 
0116. Further, while in this first embodiment the diffrac 
tion part 20 also has the function of a condenser lens, it is not 
necessary to condense the respective lights by the diffraction 
part 20 So long as the lights passing through the diffraction 
part 20 fall within the plane of the spatial light modulation 
element 30. In this case, since It is not necessary to form, in 
the Volume hologram, a grating for condensing the light emit 
ted from the laser light source 11b, the process steps for 
fabricating the Volume hologram can be reduced, thereby 
providing the device at lower cost. 
0117. Further, while the first embodiment is described for 
the case where three coherent light Sources are used, at least 
two light sources suffice. For example, when four or more 
coherent light sources are provided, blue-green or yellow 
light may be provided in addition to the red, blue, and green 
lights, thereby providing a light Source device that can repre 
sent a wider range of bright colors. 
0118. Further, in the first embodiment, the light source 
device is used as a light source for a two-dimensional image 
display apparatus, and the spatial light modulation element 30 
spatially varies the amplitude of the light emitted from the 
diffraction part 20. However, the light source device accord 
ing to the first embodiment is not restricted to that for a 
two-dimensional image display device, and it may be used as 
a light source for a device, other than a two-dimensional 
image display device, in which the spatial light modulation 
element spatially varies the phase of the light from the dif 
fraction part 20. 

Embodiment 2 

0119 While in the first embodiment the diffraction part 
comprises a single diffraction element, in this second 
embodiment the diffraction part comprises two diffraction 
elements. 
0120 Initially, the construction of a light source device 
according to the second embodiment will be described. FIG. 
5 is a diagram illustrating the construction of the light Source 
device according to the second embodiment, wherein FIG. 
5(a) is a side view and FIG. 5(b) is a plan view. 
0121. In FIG. 5, reference numeral 200 denotes a light 
Source device according to the second embodiment. The light 
source device 200 is provided with a submount 10 such as a 
silicon Substrate; three semiconductor laser light sources 
21a-21c which are disposed on the submount 10, and emit 
red light, blue light, and green light, respectively (hereinafter 
simply referred to as “laser light sources'); and a diffraction 
part 220 which is disposed above the submount 10 and dif 
fracts the respective lights emitted from the three laser light 
Sources 21a-21c So that the respective lights become coaxial 
beams. Further, a spatial light modulation element 30 for 
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spatially varying the amplitudes of the lights that are con 
verted to the coaxial beams by the diffraction part 220 is 
disposed above the diffraction part 220. 
0.122 The three laser light sources 21a-21c are surface 
emitting lasers that emit lights from upper Surfaces of laser 
chips, and these lasers are disposed along a single straightline 
on the submount 10. 
I0123. In this second embodiment, the diffraction part 220 
comprises two pieces of Volume holograms (first and second 
volume holograms) 221 and 222. 
0.124. The second volume hologram 222 is disposed above 
the submount 10, and diffracts the respective lights emitted 
from the three laser light sources 21a-21c so that the light 
axes of the respective emitted lights intersect at one point on 
the first volume hologram which is disposed above the second 
Volume hologram 222, and further, condenses the respective 
emitted lights so as to irradiate the same area of the first 
Volume hologram 221. Accordingly, the second Volume holo 
gram 222 is provided with a plurality of gratings according to 
the lights emitted from the respective laser light sources 
21a-21c, more specifically, a grating 222a for red light, a 
grating 222b for blue light, and a grating 222c for green light, 
so that the respective lights irradiate the same region of the 
first volume hologram 221. The first volume hologram 221 
further diffracts the emitted lights from the respective light 
sources, which are diffracted by the second volume hologram 
222, thereby converting the lights into coaxial beams. 
Accordingly, a plurality of gratings are multiply-formed on 
the first volume hologram 221, and the gratings diffract the 
emitted lights from the respective light Sources, which pass 
through the second volume hologram 222, so that these lights 
are converted to coaxial beams. 
0.125. In this second embodiment, in order to further min 
iaturize the light source device 200, the intervals of the light 
sources 21a-21c are reduced so that the lights emitted from 
the respective light sources overlap each other on the second 
volume hologram 222. Therefore, on the second volume 
hologram 222, the gratings 222a-222c for red light, blue 
light, and green light are partially overlapped. 
0.126 Hereinafter, a description will be given of a method 
for fabricating the diffraction part 220 according to the sec 
ond embodiment. 
I0127 FIG. 6 is a diagram illustrating a method for fabri 
cating the second Volume hologram according to the second 
embodiment, wherein FIG. 6(a) shows a method of fabricat 
ing a grating for green light, FIG. 6(b) shows a method of 
fabricating a grating for blue light, and FIG. 6(c) shows a 
method of fabricating a grating for red light. Further, FIG. 7 is 
a diagram illustrating a method for fabricating the first Vol 
ume hologram according to the second embodiment, wherein 
FIG. 7(a) shows a method of fabricating a grating for green 
light, FIG. 7(b) shows a method of fabricating a grating for 
blue light, and FIG. 7(c) shows a method of fabricating a 
grating for red light. 
I0128. Initially, the method for fabricating the second vol 
ume hologram 222 will be described. 
I0129. The second volume hologram 222 diffracts the 
lights emitted from the respective light sources 21a-21c so 
that the light axes of these lights intersect at one point on the 
first Volume hologram 221, and condenses the respective 
emitted lights so that these lights irradiate the same region of 
the first volume hologram 221. 
0.130 For example, a light source Lg1 and a light source 
Lg2 having the same wavelength as that of the green light 
laser Source 21c are used for fabrication of a grating corre 
sponding to the light emitted from the greenlight laser Source 
21c. The light sources Lg1 and Lg2 emit laser lights which are 
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emitted from the same light source and divided. For example, 
light emitted from a single laser light source is introduced into 
an optical fiber, and further, the optical fiber is divided into 
two fibers with a fiber coupler, and the emission facets of the 
two fibers are disposed in the positions of the Lg1 and Lg2. 
The light source Lg1 is disposed Such that its optical position 
with respect to the Volume hologram 222 matches the position 
of the laser light source 21c shown in FIGS. 5(a) and5(b), and 
the light Source Lg2 is disposed in the center of projection 
when a region in the second Volume hologram 222, which 
region is irradiated with the light emitted from the light source 
Lg1, is expanded and projected onto the entire Surface of the 
first volume hologram 221 (refer to FIG. 6(a)). Then, the 
second Volume hologram 222 is subjected to interference 
exposure by the lights emitted from the light sources Lg1 and 
Lg2. Thereby, an interference pattern is recorded on the sec 
ond Volume hologram 222 to form a Bragg grating 222c for 
diffracting and condensing the light emitted from the laser 
light source 21c. During the interference exposure, a region 
other than the region to be exposed should be shielded with a 
light shielding mask having apertures corresponding to the 
divided regions. 
0131) A light source Lb1 and a light source Lb2 having the 
same wavelength as that of the blue light laser source 21b are 
used for fabrication of a grating corresponding to the light 
emitted from the blue light laser source 21b. The light sources 
Lb1 and Lgb emit laser lights which are emitted from the 
same light Source and divided. For example, light emitted 
from a single laser light source is introduced into an optical 
fiber, and further, the optical fiber is divided into two fibers 
with a fiber coupler, and the emission facets of the two fibers 
are disposed in the positions of the Lb1 and Lb2. The light 
Source Lb1 is disposed such that its optical position with 
respect to the Volume hologram 222 matches the position of 
the laser light source 21b shown in FIGS. 5(a) and 5(b), and 
the light Source Lb2 is disposed in the center of projection 
when a region in the second Volume hologram 222, which 
region is irradiated with the light emitted from the light source 
Lb1, is expanded and projected onto the entire surface of the 
first volume hologram 221 (refer to FIG. 6(b)). Then, the 
second Volume hologram 222 is subjected to interference 
exposure by the lights emitted from the light sources Lb1 and 
Lb2. Thereby, an interference pattern is recorded on the sec 
ond Volume hologram 222 to form a Bragg grating 222b for 
diffracting and condensing the light emitted from the laser 
light Source 21b. During the interference exposure, a region 
other than the region to be exposed should be shielded with a 
light shielding mask having apertures corresponding to the 
divided regions. 
0132 A light source Lr1 and a light source Lr2 having the 
same wavelength as that of the greenlight laser source 21a are 
used for fabrication of a grating corresponding to the light 
emitted from the red light laser source 21a. The light sources 
Lr1 and Lr2 emit laser lights which are emitted from the same 
light source and then divided. For example, light emitted from 
a single laser light Source is introduced into an optical fiber, 
and further, the optical fiber is divided into two fibers with a 
fiber coupler, and the emission facets of the two fibers are 
disposed in the positions of the Lr1 and Lr2. The light source 
Lr1 is disposed such that its optical position with respect to 
the volume hologram 222 matches the position of the laser 
light source 21a shown in FIGS. 5(a) and 5(b), and the light 
Source Lr2 is disposed in the center of projection when a 
region in the second Volume hologram 222, which is irradi 
ated with the light emitted from the light source Lr1, is 
expanded and projected onto the entire surface of the first 
Volume hologram 221. Then, the second Volume hologram 
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222 is subjected to interference exposure by the lights emitted 
from the light sources Lr1 and Lr2. Thereby, an interference 
pattern is recorded on the second Volume hologram 222 to 
form a Bragg grating 222a for diffracting and condensing the 
light emitted from the laser light source 21a. During the 
interference exposure, a region other than the region to be 
exposed should be shielded with a light shielding mask hav 
ing apertures corresponding to the divided regions. 
I0133. In this second embodiment, since the respective 
light sources are disposed closely so that the emitted lights 
from the light sources partially overlap each other on the 
second Volume hologram 222, the adjacent Bragg grating 
222a and Bragg grating 222b partially overlap, and the adja 
cent Bragg grating 222b and Bragg grating 222c partially 
overlap on the fabricated second volume hologram 222. 
I0134) Next, a method for fabricating the first volume holo 
gram 221 will be described. 
0.135 The first volume hologram 221 diffracts and con 
denses the lights that are emitted from the respective light 
Sources 21a-21c and pass through the second Volume holo 
gram 222 so that these lights become coaxial beams. 
0.136 For example, a lens Lc and a light source Lg2 and a 
light Source Lg3 having the same wavelength as that of the 
green light laser source 21c are used for fabrication of a 
grating corresponding to the light emitted from the greenlight 
laser source 21c. The light sources Lg2 and Lg3 emit laser 
lights which are emitted from the same light Source and then 
divided. For example, light emitted from a single laser light 
source is introduced into an optical fiber, and further, the 
optical fiberis divided into two fibers with a fiber coupler, and 
the emission facets of the two fibers are disposed in the 
positions of the Lg2 and Lg3. The lens Lc condenses the 
divergent light from the light source Lg3 So that this light is 
incident on the first volume hologram as parallel light. The 
light source Lg2 is disposed in the center of projection when 
a region in the second Volume hologram 222 where the grat 
ing 222c is formed is expanded and projected onto the entire 
surface of the first volume hologram 221. Then, the first 
Volume hologram 221 is Subjected to interference exposure 
by the lights emitted from the light sources Lg2 and Lg3. 
Thereby, an interference pattern is recorded on the first vol 
ume hologram 221 to form a Bragg grating for diffracting the 
light emitted from the laser light source 21c. 
0.137 The interference exposure of the first volume holo 
gram 221 is carried out such that the light sources Lg1 and 
Lg2 shown in FIG. 7(a) are replaced with a light source Lb2 
and a light source Lb3 having the same wavelength as that of 
the blue light laser source 21b as shown in FIG. 7(b), and 
further, the light sources Lg1 and Lg2 shown in FIG. 7(a) are 
replaced with a light source Lr2 and a light Source Lr3 having 
the same wavelength as that of the red light laser source 21a 
as shown in FIG. 7(c). Thereby, in the first volume hologram 
221, gratings for diffracting the light emitted from the blue 
light laser source 21b and the light emitted from the red light 
laser source 21a are formed over the Bragg grating corre 
sponding to the green light laser source 21c. At this time, the 
light source Lb2 is disposed in the center of projection when 
a region in the second Volume hologram 222 where the grat 
ing 222b is formed is expanded and projected over the entire 
surface of the first volume hologram 221, and the light source 
Lr2 is disposed in the center of projection when a region in the 
second Volume hologram 222 where the grating 222a is 
formed is expanded and projected over the entire surface of 
the first volume hologram 221. 
0.138. Since it is necessary to perform three times of inter 
ference exposures on the first volume hologram so that the 
gratings corresponding to the lights emitted from the three 
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laser light Sources are formed on the single Volume hologram, 
each interference exposure should be carried out with such a 
light intensity that a photosensitive material constituting the 
Volume hologram is completely exposed by the three times of 
exposures. 

0139 Next, the function and effect will be described. 
0140. Initially, laser lights are emitted from the red, blue, 
and green light laser sources 21a-21c disposed on the Sub 
mount 10, and the respective laser lights irradiate the second 
volume hologram 222 of the diffraction part 220. 
0141. The respective lights emitted from the laser light 
sources 21a-21c are respectively diffracted and condensed 
by the gratings 222a-222c for red light, blue light, and green 
light when passing through the second Voltage hologram 222. 
Thereby, the light axes of the respective lights intersectatone 
point on the first volume hologram 221, and the lights irradi 
ate the same region of the first volume hologram 221. 
0142. The respective lights which are diffracted and con 
densed by the second volume hologram 222 are diffracted and 
multiplexed so as to be coaxial beams that propagate in the 
same optical pathas shown in FIG.5(a) when passing through 
the first volume hologram 221, and irradiate the same region 
of the spatial light modulation element 30. 
0143. As described above, according to the second 
embodiment, the light source device is provided with the 
three laser light sources 21a-21c, and the diffraction part 220 
comprising a Volume hologram, which multiplexes the lights 
emitted from the laser light sources 21a-21c so that these 
lights become coaxial beams. Therefore, it is possible to 
realize an ultracompact two-dimensional image display 
device that can be mounted on a compact apparatus such as a 
handy phone, as in the first embodiment. 
0144. Further, in this second embodiment, the diffraction 
part 220 is constituted by the first and second volume holo 
grams 221 and 222, the lights emitted from the three laser 
light sources are diffracted by the second Volume hologram 
222 so that the light axes of these emitted lights intersect at 
one point on the first volume hologram 221, and the three 
laser lights from the second volume hologram 222 are dif 
fracted by the first volume hologram 221 so that these laser 
lights irradiate the same region of the spatial light modulation 
element 30. Therefore, it is not necessary to make the light 
axes of the lights Supplied from the respective light sources to 
the diffraction part 220 match on the diffraction part 220, 
whereby the light sources that emit lights in the vertical 
direction to the Submount, Such as Surface-emitting lasers, 
can be directly disposed on the submount 10. As the result, the 
construction of the light source device can be simplified, and 
the assembly thereof can be facilitated. This leads to a reduc 
tion in cost of the light source device. 
0145. Further, since the three light sources 21a-21c are 
disposed on the same submount 10, heat radiation of the three 
light sources can be carried out by radiating heat from the 
single submount 10, whereby heat radiation of the light 
Sources in the light source device can be easily carried out. 
0146 While in this second embodiment the second vol 
ume hologram 222 is constructed Such that the boundary 
portions of the adjacent gratings 222a-222c are slightly over 
lapped, the second Volume hologram 222 may beformed Such 
that the greater parts of the gratings for the respective lights 
are overlapped. In this case, the scale of the device can be 
reduced. 
0147 Conversely, the second volume hologram 222 may 
be formed Such that the gratings for the respective lights are 
not overlapped. In this case, although the scale of the light 
Source device is somewhat increased, heat radiation of the 
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light sources can be efficiently carried out because an interval 
is secured between adjacent light Sources disposed on the 
same submount 10. 
0.148 While in this second embodiment the second vol 
ume hologram 222 has a lens function, it is not necessary to 
condense the respective lights by the second Volume holo 
gram 222 as long as the irradiation areas of the lights that pass 
through the second volume hologram 222 falls within the 
plane of the first volume hologram 221. In this case, since 
only the different two gratings 222a and 222c for diffracting 
the lights emitted from the two laser light sources 21a and 21c 
are to be formed on the second volume hologram 222, the 
number of gratings to be multiply-formed onto the Volume 
hologram can be reduced, thereby providing the device at 
lower cost. 
0.149 Further, while the second embodiment is described 
for the case where three coherent light sources are used, at 
least two light sources will suffice. 

Embodiment 3 

0150. A light source device according to the third embodi 
ment is constructed such that the diffraction part of the light 
Source device according to the first embodiment has a func 
tion of a light integrator for making the light intensity distri 
butions of the lights emitted from the respective laser light 
Sources uniform. 
0151 FIG. 8 is a diagram illustrating the construction of 
the light source device according to the third embodiment, 
wherein FIG. 8(a) is a side view and FIG. 8(b) is a plan view. 
0152. With reference to FIG. 8, reference numeral 300 
denotes a light source device according to the third embodi 
ment. The light source device 300 includes laser light sources 
11a, 11b, and 11c of red light, blue light, and green light, 
respectively, prisms 12a, 12b, and 12c for reflecting lights 
emitted from the red and green laser light Sources 11a and 
11c, a Submount 10 for Supporting these laser light Sources 
and prisms, and a diffraction part 320 through which the lights 
emitted from the laser light sources 11a, 11b, and 11c and 
reflected by the prisms 12a, 12b, and 12c pass. The laser light 
sources 11a-11c, the prisms 12a-12c, and the submount 10 
are identical to those of the first embodiment. 
0153. In this third embodiment, the diffraction part 320 
diffracts the incident lights and makes the light intensity 
distributions thereof uniform, and it is composed of a single 
volume hologram. The volume hologram 320 is divided into 
plural regions. In this third embodiment, it is divided into 
sixteen regions. 
0154) In the volume hologram 320, the divided sixteen 
regions 32 are arranged four by four. Gratings are multiply 
formed on the respective divided regions 32, which gratings 
diffract the lights that are emitted from the light sources 
11a-11c and applied to the respective regions so that the 
lights irradiate the entirety of the light irradiation surface of 
the spatial light modulation element 30. The respective 
regions of the volume hologram 320 have functions of con 
cave lenses for expanding the divergence angles of the inci 
dent lights. 
0155 The emitted lights from the respective light sources, 
which are incident on the respective sixteen regions of the 
divided volume hologram, are diffracted to be coaxial beams 
by the gratings that are formed in the respective sixteen 
regions of the Volume hologram, and the lights emitted from 
the respective sixteen regions of the Volume hologram irradi 
ate the same region of the spatial light modulation element 
that is provided above the diffraction part 320. 
0156 While in FIG. 8(a) the optical path of the light 
emitted from the blue light source 11b is mainly illustrated to 
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simplify the figure, the lights emitted from the red and green 
light sources 11a and 11c are similarly applied to the divided 
regions of the diffraction part 320, and are diffracted and 
dispersed by the gratings that are multiply-formed on the 
respective divided regions, and further, irradiate the same 
region of the spatial light modulation element 30. 
0157 Hereinafter, a description will be given of a method 
for fabricating the diffraction part 320 according to the third 
embodiment. 
0158 FIG. 9 is a diagram illustrating a method of fabri 
cating gratings for diffracting light that is emitted from the 
green light laser source, on the Volume hologram of the third 
embodiment, FIG. 10 is a diagram illustrating a method of 
fabricating gratings for diffracting light that is emitted from 
the blue light laser source, on the volume hologram of the 
third embodiment, FIG. 11 is a diagram illustrating a method 
of fabricating gratings for diffracting light that is emitted 
from the red light laser Source, on the Volume hologram of the 
third embodiment. 

0159. In the volume hologram 320 of the third embodi 
ment, it is necessary to form gratings in the respective sixteen 
regions into which the hologram 320 is divided. Therefore, a 
light Source Lg1 and a light source Lg2 having the same 
wavelength as that of the greenlight laser Source 11c are used 
for fabrication of gratings for diffracting the light emitted 
from the green light laser source 11c, as shown in FIGS. 9(a) 
9(d). At this time, the light sources Lg1 and Lg2 emit laser 
lights which are emitted from the same light source and 
divided. For example, light emitted from a single laser light 
source is introduced into an optical fiber, and further, the 
optical fiber is divided into two fibers with a fiber coupler, and 
the emission facets of the two fibers are disposed in the 
positions of the Lg1 and Lg2. In interference exposure using 
these light sources, the light source Lg1 is fixed at a position 
where the optical position with respect to the volume holo 
gram 320 matches the position of the laser light source 11c 
shown in FIGS. 8(a) and 8(b), and the position of the light 
Source Lg2 is changed for each divided region 32. 
0160 For example, the light sources Lg1 and 1g2 are dis 
posed as shown in FIGS. 9(a) 9(d), and four times of inter 
ference exposures are carried out, whereby gratings 32c are 
formed in the four regions arranged in a line, among the 
divided sixteen regions of the volume hologram 320. During 
the interference exposure for each region, the light source Lg2 
is disposed in the center of projection when each region of the 
volume hologram 320 is expanded and projected onto the 
spatial light modulation element 30. Accordingly, the four 
times of interference exposures shown in FIGS. 9(a)-9(d) are 
performed for each line of the divided regions of the volume 
hologram 320, whereby gratings 32c for diffracting the emit 
ted lights from the green light laser source 11c are formed on 
all the divided sixteen regions of the volume hologram 320. 
During the interference exposures for the respective divided 
regions 32, regions other than the regions to be exposed 
should be shielded with a light shielding mask having aper 
tures corresponding to the divided regions. 
0161 Further, gratings for diffracting the light emitted 
from the blue light laser source 11b are fabricated as follows. 
That is, as shown in FIGS. 10(a)-10(d), interference expo 
Sure using a light source Lb1 and a light Source Lb2 having the 
same wavelength as that of the blue light laser source 11b is 
carried out so that the light source Lb1 is fixed in a position 
where the optical position of the light source Lb1 with respect 
to the volume hologram 320 matches the position of the laser 
light source 11c, and the position of the light source Lb2 is 
varied for each divided region. At this time, the light sources 
Lb1 and Lb2 emit laser lights which are emitted from the 
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same light Source and divided. For example, light emitted 
from a single laser light source is introduced into an optical 
fiber, and further, the optical fiber is divided into two fibers 
with a fiber coupler, and the emission facets of the two fibers 
are disposed in the positions of the Lb1 and Lb2. 
0162 Also in this case, gratings 32b for diffracting the 
emitted light from the blue light laser source are formed in 
four regions arranged in a line among the divided sixteen 
regions 32 of the volume hologram 320 by four times of 
interference exposures shown in FIGS. 10(a)10(d), and grat 
ings 32b for diffracting the blue light are formed in all the 
divided sixteen regions 32 of the volume hologram 320 by 
performing the four times of interference exposures to the 
respective lines of the divided regions in the volume holo 
gram 320. Also in this case, during the interference exposures 
for the respective divided regions, regions other than the 
regions to be exposed should be shielded. 
0163. Likewise, gratings for diffracting the light emitted 
from the red light laser source 11a are fabricated as follows. 
That is, as shown in FIGS. 11(a)-11(d), interference expo 
Sure using a light source Lr1 and a light Source Lr2 having the 
same wavelength as that of the red light laser Source 11a is 
carried out with the light source Lr1 being fixed in a position 
where the optical position of the light source Lr1 with respect 
to the volume hologram 320 matches the position of the laser 
light source 11a, and the position of the light source Lr2 being 
varied for each divided region. At this time, the light sources 
Lr1 and Lr2 emit laser lights which are emitted from the same 
light Source and divided. For example, light emitted from a 
single laser light Source is introduced into an optical fiber, and 
further, the optical fiber is divided into two fibers with a fiber 
coupler, and the emission facets of the two fibers are disposed 
in the positions of the Lr1 and Lr2. 
0164. Also in this case, gratings 32a for diffracting the 
emitted light from the red light laser source are formed in four 
regions arranged in a line among the divided sixteen regions 
32 of the volume hologram 320, by four times of interference 
exposures shown in FIGS.11(a)-11(d), and gratings 32a for 
diffracting the red light are formed in all the divided sixteen 
regions 32 of the volume hologram 320 by performing the 
four times of interference exposures to the respective lines of 
the divided regions. Also in this case, during the interference 
exposures for the respective divided regions, regions other 
than the regions to be exposed should be shielded. 
(0165 Next, the function and effect will be described. 
0166 When lights are emitted from the laser light sources 
11a-11c corresponding to the red light, blue light, and green 
light, the emitted lights from the laser light sources 11a, 11b, 
and 11c are reflected by the prisms 12a, 12b, and 12c disposed 
on the submount 10, and these reflected lights irradiate the 
diffraction part 320. At this time, the optical axes of the 
respective lights emitted from the laser light sources 11a-11c 
are matched on the diffraction part 320, and the respective 
lights irradiate the same region of the diffraction part 320. 
0167. When the three lights from the red, blue, and green 
light laser Sources 11a-11C pass through the diffraction part 
320, the optical axes of the red, blue, and greenlights that pass 
the respective divided regions 32 of the diffraction part 320 
are matched in the respective regions 32, and these lights are 
diffracted and dispersed so as to irradiate the same region, i.e., 
the entire surface of the spatial light modulation element 30. 
Thereby, the spatial light modulation element 30 is irradiated 
with light of uniform light intensity distribution, which is 
obtained by multiplexing the laser lights of the respective 
colors. 
0.168. As described above, according to the third embodi 
ment, the diffraction part 320 is regionally divided two-di 
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mensionally, and the gratings for diffracting and dispersing 
the emitted lights from the respective light sources are mul 
tiply-formed on the respective divided regions of the diffrac 
tion part 320 so that the lights from the respective light 
Sources, which pass through the respective regions, become 
coaxial beams, and irradiate the entire Surface of the light 
irradiation region of the spatial light modulation element 30. 
Therefore, it is possible to provide an ultracompact light 
Source device that can miniaturize the optical system for 
converting the emitted lights from the three laser light sources 
into coaxial beams, and that can make the intensity distribu 
tions of the lights from the respective light Sources uniform on 
the spatial light modulation element 30. 
0169. Further, while a lens array constituting the conven 
tional light integrator takes much cost for processing and the 
like, a Volume hologram can be fabricated utilizing a compact 
and inexpensive photosensitive material (polymer). There 
fore, when the diffraction part 320 comprising a volume 
hologram also has the function of a light integrator as 
described for this third embodiment, the cost of the device can 
be reduced. 
(0170 While in this third embodiment the diffraction part 
320 comprises a single Volume hologram, the diffraction part 
may comprise two Volume holograms as described for the 
second embodiment. In this case, the first volume hologram 
221 shown in FIG. 5 is regionally divided as described for the 
third embodiment, whereby the intensity distributions of the 
lights from the respective light sources on the spatial light 
modulation element 30 can be made uniform as described for 
the third embodiment. 
(0171 Further, while in this third embodiment the diffrac 
tion part 320 is divided into 16 regions, the regional division 
of the diffraction part is not restricted to the division into 16 
regions, and it is possible to perform division into 64 regions 
or 128 regions, or more regions. Further, it is possible to 
perform the regional division of the diffraction part so that the 
numbers of divided regions arranged in the vertical and hori 
Zontal directions are varied according to the planar shape of 
the spatial light modulation element. 

Embodiment 4 

0172 Hereinafter, a description will be given of a two 
dimensional image display device using the light Source 
device which is described for any of the first to third embodi 
mentS. 

0173 FIG. 12 is a diagram illustrating the construction of 
the two-dimensional image display device according to the 
fourth embodiment. 
0.174. With reference to FIG. 12, reference numeral 500 
denotes a two-dimensional image display device according to 
the fourth embodiment, and this two-dimensional image dis 
play device 500 comprises a light source device 300 including 
laser light sources 11a, 11b, and 11c corresponding to red 
light, blue light, and green light; laser driving units 
550a-550c for red light, blue light, and green light, which 
drive the respective laser light sources in the light Source 
device 300; a laser switching unit 540 for selecting one of the 
respective laser driving units 550a-550c: a video signal 
switching unit 530 for selecting any of a red video signal, a 
blue video signal, and agreen video signal which are Supplied 
from the outside, and outputting the selected video signal to a 
spatial light modulation element 30; a control unit 520 for 
outputting a control signal to Successively display the R, G, 
and B images, thereby controlling the laser switching unit 540 
and the video signal switching unit 530; a field lens 560 for 
converting the respective laser lights emitted from the light 
source device 300 into a condensed light flux near to a parallel 
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light flux; and a projection lens 510 for receiving the emitted 
light from the spatial light modulation element 30, and pro 
jecting it onto a screen 51. The light source device 300 is 
identical to that of the third embodiment. 

0.175. Next, a description will be given of the operation of 
the two-dimensional image display device 500 constructed as 
mentioned above. 
0176 Initially, the video signal switching unit 530 succes 
sively selects the inputted red video signal, blue video signal, 
and green video signal according to the control signal Sup 
plied from the control unit 520, and outputs the signals to the 
spatial light modulation element 30. 
(0177. Further, the laser switching unit 540 drives the red 
light, blue light, and greenlight laser driving units 550a-550c 
according to the control signal from the control unit 520 to 
Successively activate the red color, blue color, and green color 
laser light sources 11a-11c. 
0.178 Thereby, light emissions in the respective color laser 
Sources and formations of images of the respective colors by 
the spatial light modulation element 30 are synchronously 
carried out. To be specific, in the state where the red light laser 
Source 11a emits light, the red video signal is Supplied to the 
spatial light modulation element 30 and thereby modulation 
of the red light is carried out. In the state where the blue light 
laser Source 11b emits light, the blue video signal is Supplied 
to the spatial light modulation element 30 and thereby modu 
lation of the blue light is carried out. In the state where the 
greenlight laser source 11c emits light, the green video signal 
is supplied to the spatial light modulation element 30 and 
thereby modulation of the green light is carried out. 
0179 Then, the images formed by the modulations of the 
respective color lights by the spatial light modulation element 
30 are projected on the screen 51 by the projection lens 510. 
0180. When displaying a moving picture, it is necessary to 
display many frames of pictures in a short time, for example, 
30 frames of pictures per sec. In order to realize such display 
in the device 500, the control unit 520 controls the light 
Sources 11a-11c So that each of these light sources emits light 
several times during picture display of one frame of a picture 
that is displayed at 30 frames per sec, whereby the pictures of 
the respective colors are inseparable when observed with 
human eyes, and therefore, the user can observe a full-color 
natural moving picture. 
0181. As described above, according to the fourth embodi 
ment, the light Source device of the two-dimensional image 
display device 500 comprises the three laser light sources 
11a-11c, and the diffraction part 320 comprising a volume 
hologram, for multiplexing the lights emitted from the laser 
light Sources 11a-11c So that these lights become coaxial 
beams. Therefore, the optical system for converting the emit 
ted lights from the three laser light sources into coaxial beams 
can be miniaturized, whereby the two-dimensional image 
display device can be miniaturized. 
0182 Further, according to the fourth embodiment, since 
the light source device 300 also functions as a light integrator, 
the intensity distribution of light outputted from the light 
Source device can be made uniform without using a light 
integrator comprising a fly-eye lens which is conventionally 
needed for making the light intensity distribution uniform. 
Therefore, the two-dimensional image display device in 
which the intensity distributions of the lights emitted from the 
light sources can be further miniaturized, and further, the 
number of constituents of the two-dimensional image display 
device can be reduced, thereby realizing a two-dimensional 
image display device that is easy to assemble and is reduced 
in cost. 
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1. A light source device comprising: 
at least two coherent light sources; and 
a diffraction part for diffracting light which is emitted from 

at least one of the coherent light sources so that the 
respective lights emitted from the at least two coherent 
light Sources propagate through the same optical path. 

2. A light source device as defined in claim 1 wherein the 
optical propagation paths of the respective lights emitted 
from the at least two coherent light sources overlap each other 
on the diffraction part. 

3. A light source device as defined in claim 1 wherein the 
center axes of the optical propagation paths of the respective 
lights emitted from the at least two coherent light sources 
intersect at one point on the diffraction part. 

4. A light source device as defined in claim 1 wherein the at 
least two coherent light sources are disposed on the same 
Submount. 

5. A light source device as defined in claim 1 wherein said 
coherent light sources are a coherent light source that emits 
red light, a coherent light source that emits blue light, and a 
coherent light source that emits green light. 

6. A light source device as defined in claim 1 wherein the 
light emitted from at least one coherent light source among 
the coherent light sources passes through the diffraction part 
without being diffracted by the diffraction part. 

7. A light source device as defined in claim 1 wherein 
said diffraction part comprises a single diffraction element, 
and 

said diffraction element diffracts the light emitted from at 
least one coherent light source so that the respective 
lights emitted from the at least two coherent light 
Sources propagate through the same optical path. 

8. A light source device as defined in claim 7 wherein said 
diffraction element is further provided with a lens function. 

9. A light source device as defined in claim 1 wherein said 
diffraction part comprises: 

a first diffraction element for receiving at least two lights, 
and diffracting at least one of the received lights so that 
the received at least two lights propagate through the 
same optical path; and 

a second diffraction element for diffracting the light emit 
ted from at least one coherent light source among the at 
least two coherent light sources so that the center axes of 
the optical propagation paths of the lights emitted from 
the respective coherent light sources intersect at one 
point on the first diffraction element. 

10. A light source device as defined in claim 9 wherein 
said second diffraction element is further provided with a 

lens function, and 
said second diffraction element condenses the respective 

lights emitted from the at least two coherent light 
sources so that the respective lights diffracted by the 
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second diffraction element irradiate the same region of 
the first diffraction element. 

11. A light source device as defined in claim 7 wherein 
said diffraction element is a Volume hologram, and 
plural gratings are multiplexed on the Volume hologram, 
which gratings receive the respective lights emitted from 
the at least two coherent light sources, and change the 
propagation directions of the respective lights. 

12. A light source device as defined in claim 7 wherein 
said diffraction element is regionally divided, and 
the respective lights that are diffracted in the divided 

regions of the diffraction element irradiate the same 
planar region. 

13. A light source device as defined in claim 9 wherein 
said first diffraction element is regionally divided, and 
the respective lights that are diffracted in the divided 

regions of the first diffraction element irradiate the same 
planar region. 

14. A light source device as defined in claim 12 wherein 
said diffraction element is regionally divided in a lattice pat 
tern. 

15. A two-dimensional image display device comprising: 
at least two coherent light sources; 
a diffraction part for diffracting light emitted from at least 

one coherent light source so that the respective lights 
emitted from the at least two coherent light sources 
propagate in the same optical path; and 

a two-dimensional spatial light modulation element for 
receiving the respective lights that are diffracted by the 
diffraction part to be coaxial beams, said element being 
provided in a space above the diffraction part. 

16. A two-dimensional image display device as defined in 
claim 15 further including: 

a control part for controlling the operations of the at least 
two coherent light sources; and 

said at least two coherent light sources being a coherent 
light Source that emits red light, a coherent light source 
that emits green light, and a coherent light Source that 
emits blue light; and 

said control part controlling the three coherent light 
Sources so that the coherent light Sources are time 
shared to sequentially emit lights. 

17. A light source device as defined in claim 9 wherein 
said diffraction element is a Volume hologram, and 
plural gratings are multiplexed on the Volume hologram, 
which gratings receive the respective lights emitted from 
the at least two coherent light sources, and change the 
propagation directions of the respective lights. 

18. A light source device as defined in claim 13 wherein 
said diffraction element is regionally divided in a lattice 

pattern. 


