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LIGHT SOURCE DEVICE AND PROJECTOR

[0001] Theentiredisclosure of Japanese Patent Application
No.2010-153670, filed Jul. 6, 2010, is expressly incorporated
by reference herein.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a light source device
and a projector.
[0004] 2. Related Art
[0005] In the past, there has been known a light source

device provided with a plurality of solid-state light sources
for generating excitation light and a fluorescent layer located
at a light collection position to which the excitation light
generated by the plurality of solid-state light sources is col-
lected and for generating fluorescence from the excitation
light. Further, there has been known a projector equipped with
such a light source device (e.g., JP-A-2004-327361). Accord-
ing to the light source device of the related art, since the
fluorescence is generated in the fluorescent layer located at
the light collection position to which the excitation light from
the plurality of solid-state light sources is collected, it
becomes possible to increase the light intensity without
increasing the area of the light emitting region, and thus it
becomes possible to increase the luminance of the light
source device without degrading the light efficiency.

[0006] Incidentally, in the technical field of the light source
device, the light source device capable of further increasing
the luminance of the light source device without degrading
the light efficiency is always pursued.

SUMMARY

[0007] Therefore, the invention has been made in view of
the circumstances described above, and has an object of pro-
viding a light source device capable of further increasing the
luminance of the light source device without degrading the
light efficiency. Further, the invention has an object of pro-
viding a projector equipped with such a light source device
and capable of further increasing the luminance of a display
screen without degrading the light efficiency.

[0008] A light source device according to the invention
includes a first excitation light generation section having a
first solid-state light source array having a first solid-state
light source adapted to generate a first excitation light, and a
first collimating lens array having a first collimating lens
disposed so as to correspond to the first solid-state light
source, and adapted to roughly collimate the excitation light
generated by the first solid-state light source, a second exci-
tation light generation section having a second solid-state
light source array having a second solid-state light source
adapted to generate a second excitation light, and a second
collimating lens array having a second collimating lens dis-
posed so as to correspond to the second solid-state light
source, and adapted to roughly collimate the excitation light
generated by the second solid-state light source, an excitation
light combining section adapted to combine the first excita-
tion light and the second excitation light, a light collection
optical system adapted to collect the first excitation light and
the second excitation light combined by the excitation light
combining section at a predetermined light collection posi-
tion, and a fluorescence generation section located in a vicin-
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ity of the light collection position, and having a fluorescent
layer adapted to generate a fluorescence from at least a part of
the first excitation light and the second excitation light col-
lected by the light collection optical system, wherein the first
solid-state light source array includes at least two first solid-
state light sources, the second solid-state light source array
includes at least two second solid-state light sources, the first
collimating lens array includes at least two first collimating
lenses, the second collimating lens array includes at least two
second collimating lenses, and the excitation light combining
section transmits the first excitation light and reflects the
second excitation light to thereby combine the first excitation
light and the second excitation light with each other.

[0009] According to the light source device of the inven-
tion, since the fluorescence is generated using the excitation
lights from the two excitation light generation sections (the
first and second excitation light generation sections) each
having a plurality of solid-state light sources, it becomes
possible to further increase the luminance of the light source
device.

[0010] Further, according to the light source device of the
invention, it is arranged that the excitation lights from the two
excitation light generation sections are combined using the
excitation light combining section, and then collected by the
light collection optical system. Therefore, it becomes pos-
sible to make the excitation light enter the fluorescent layer
with smaller incident angle compared to the case of combin-
ing the excitation lights from the two excitation light genera-
tion sections without using the excitation light combining
section according to the invention, and in that sense, there is
no chance that the light efficiency is degraded due to the use
of the two excitation light generation sections.

[0011] As a result, the light source device according to the
invention becomes a light source device capable of further
increasing the luminance of the light source device without
degrading the light efficiency.

[0012] Inthelightsource device according to the invention,
it is preferable that the first excitation light and the second
excitation light are arranged to enter respective areas different
from each other in a fluorescence generation area as a light
collection area in the fluorescent layer.

[0013] According to the light source device of the inven-
tion, since the excitation light from each of the two excitation
light generation sections enters the inside of the fluorescence
generation area as the light collection area in the fluorescent
layer, the area of the fluorescence generation area where the
fluorescence is generated becomes sufficiently small. There-
fore, there is no chance that the light efficiency is degraded
due to the use of the two excitation light generation sections.
[0014] It should be noted that from this viewpoint, it is
preferable that the fluorescence generation area has a size
included in a square 1 mm on a side.

[0015] Further, according to the light source device of the
invention, since the excitation lights from the two excitation
light generation sections enter the respective regions different
from each other although located inside the fluorescence gen-
eration area having a sufficiently small size as described
above, there is no chance that an excessively large thermal
load is applied to a certain area in the fluorescence generation
area described above. Therefore, there is no chance that the
life of the fluorescent layer is shortened due to the use of the
two excitation light generation sections.

[0016] Itshould be noted that as the configuration in which
the excitation lights from the two excitation light generation
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sections enter the respective areas different from each otherin
the fluorescence generation area described above, there can
be cited, as an example, a configuration of shifting the layout
positions of the first excitation light generation section and
the second excitation light generation section from each other
in a plane perpendicular to the light axis of the excitation
light, or a configuration of shifting the angle between the
optical axis of the light collection optical system and the
excitation light combining surface slightly from an angle of
45 degrees.

[0017] Inthelight source device according to the invention,
it is preferable that the light source device is arranged to input
the first excitation light and the second excitation light into
respective areas different from each other in the excitation
light combining section.

[0018] By adopting such a configuration, since the excita-
tion lights from the two excitation light generation sections
enter the respective areas different from each other in the
excitation light combining section, there is no chance that the
excessively large thermal load is applied to a certain area of
the excitation light combining section. Therefore, there is no
chance that the life of the excitation light combining section
is shortened due to the use of the two excitation light genera-
tion sections.

[0019] Inthe light source device according to the invention,
it is preferable that the excitation light combining section has
a transmission area adapted to transmit the first excitation
light and a reflecting area adapted to reflect the second exci-
tation light.

[0020] By adopting such a configuration, it becomes pos-
sible to combine the excitation light from the first excitation
light generation section and the excitation light from the
second excitation light generation section with each other
with high efficiency by inputting the excitation light from the
first excitation light generation section into the transmission
areas while inputting the excitation light from the second
excitation light generation section into the reflecting areas.

[0021] In this case, as the excitation light combining sec-
tion, there can be cited, as an example, “a reflecting mirror
provided with openings formed in the areas corresponding to
the transmission areas™ or “a transparent substrate provided
with a reflecting layer formed in the areas corresponding to
the reflecting areas.”

[0022] Inthelight source device according to the invention,
it is preferable that the excitation light combining section
consists of a polarization beam combiner adapted to transmit
light consisting of one polarized light and reflect light con-
sisting of the other polarized light, and the light source device
is arranged so that the first excitation light enters the excita-
tion light combining section as the excitation light consisting
of the one polarized light and the second excitation light
enters the excitation light combining section as the excitation
light consisting of the other polarized light.

[0023] By adopting such a configuration, it becomes pos-
sible to combine the excitation light from the first excitation
light generation section and the excitation light from the
second excitation light generation section with high effi-
ciency using the principle of the polarization beam combiner.
[0024] Inthe light source device according to the invention,
it is preferable that the fluorescence generation section is
disposed at a position where the first excitation light and the
second excitation light collected by the light collection opti-
cal system enter the fluorescent layer in a defocused state.
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[0025] By adopting such a configuration, since the fluores-
cence with high intensity can be obtained without applying
the excessively large thermal load to the fluorescent layer, it
becomes possible to realize the light source device capable of
preventing the deterioration and burnout of the fluorescent
layer to thereby further increase the life thereof.

[0026] Inthelightsource device according to the invention,
it is preferable that in the first excitation light generation
section and the second excitation light generation section, the
first solid-state light sources and the second solid-state light
sources are each arranged in a matrix, and the light source
device is configured so that first entrance areas where the first
excitation light enters and second entrance areas where the
second excitation light enters are arranged alternately in the
fluorescent layer.

[0027] By adopting such a configuration, it becomes pos-
sible to input the excitation lights from the two excitation
light generation sections evenly across the inside of the fluo-
rescence generation area.

[0028] Itshould be noted that as the configuration in which
the first entrance areas and the second entrance areas are
arranged alternately, there can be cited, as an example, a
configuration of shifting the layout positions of the first exci-
tation light generation section and the second excitation light
generation section from each other in a plane perpendicular to
the light axis of the excitation light, or a configuration of
shifting the angle between the optical axis of the light collec-
tion optical system and the excitation light combining surface
slightly from an angle of 45 degrees.

[0029] Inthelight source device according to the invention,
it is preferable that both of the first solid-state light source and
the second solid-state light source are each formed of a semi-
conductor laser.

[0030] Since the semiconductor laser is small in size and
high in output power, by adopting such a configuration as
described above, the small-sized and high power light source
device is obtained.

[0031] It should be noted that in the case in which both of
the first solid-state light source and the second solid-state
light source are each formed of a semiconductor laser, and the
excitation light combining section having the transmission
areas for transmitting the excitation light from the first exci-
tation light generation section and the reflecting areas for
reflecting the excitation light from the second excitation light
generation section is used, since the semiconductor laser
emits the laser beam having a preferable light collection
property, there is also obtained an advantage of efficiently
inputting the excitation light from the first excitation light
generation section into the transmission areas, and efficiently
inputting the excitation light from the second excitation light
generation section into the reflecting areas.

[0032] On the other hand, in the case in which both of the
first solid-state light source and the second solid-state light
source are each formed of the semiconductor laser, and the
excitation light combining section consisting of the polariza-
tion beam combiner is used, since the semiconductor laser
emits the excitation light consisting of the polarized light, and
therefore, there is no need for converting the excitation light
into the excitation light consisting of the polarized light, there
is also obtained an advantage that the structure of the light
source device can be made simple.

[0033] Inthelightsource device according to the invention,
it is preferable that the semiconductor laser is configured to
have an emission area having rectangular shape, and a spread
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angle along a short side of the emission area larger than a
spread angle along a long side of the emission area, and each
of the emission areas of the first solid-state light sources and
each of the emission areas of the second solid-state light
sources have a relationship in which orientations of the long
side and the short side are reverse to each other.

[0034] By adopting such a configuration, since the excita-
tion lights from the two excitation light generation sections
enter the respective regions different from each other
although located inside the fluorescence generation area hav-
ing a sufficiently small size as described above, there is no
chance that the excessively large thermal load is applied to a
certain area in the fluorescence generation area described
above. Therefore, there is no chance that the life of the fluo-
rescent layer is shortened due to the use of the two excitation
light generation sections.

[0035] It should be noted that it is preferable for the semi-
conductor laser to have the long side of the emission area
equal to or larger than three times of the short side of the
emission area.

[0036] Further, it is preferable for the semiconductor laser
to have the spread angle along the short side direction of the
emission area equal to or larger than three times of the spread
angle along the long side direction of the emission area.
[0037] A projector according to the invention includes an
illumination device having the light source device according
to the invention, a light modulation device adapted to modu-
late light from the illumination device in accordance with
image information, and a projection optical system adapted to
project the modulated light from the light modulation device
as a projection image.

[0038] Therefore, according to the projector of the inven-
tion, since the light source device according to the invention
capable of further increasing the luminance without degrad-
ing the light efficiency is provided, the projector capable of
further increasing the luminance of the display screen without
degrading the light efficiency is obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0040] FIG.1isaplan view showing an optical system of a
projector 1000 according to a first embodiment.

[0041] FIGS. 2A through 2C are diagrams showing a light
source device 10 according to the first embodiment for the
purpose of the explanation thereof.

[0042] FIGS.3A and 3B are diagrams showing a first solid-
state light source array 22 and a second solid-state light
source array 32 in the first embodiment for the purpose of the
explanation thereof.

[0043] FIGS. 4A through 4C are graphs respectively show-
ing the emission intensity characteristics of a first solid-state
light source 25, the emission intensity characteristics of a
second solid-state light source 35, and the emission intensity
characteristics of a fluorescent material in the first embodi-
ment.

[0044] FIGS. 5A through 5C are diagrams showing a light
source device 12 according to a second embodiment for the
purpose of the explanation thereof.

[0045] FIGS. 6A and 6B are diagrams showing a first solid-
state light source array 22 and a second solid-state light
source array 33 in the second embodiment for the purpose of
the explanation thereof.
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[0046] FIGS. 7A through 7C are diagrams showing a light
source device 14 according to a third embodiment for the
purpose of the explanation thereof.

[0047] FIG. 8 is a plan view showing an optical system of a
light source device 16 according to a fourth embodiment.
[0048] FIGS. 9A and 9B are diagrams showing an excita-
tion light combining section 52 in the fourth embodiment for
the purpose of the explanation thereof.

[0049] FIG. 10 is a plan view showing an optical system of
a projector 1008 according to a modified example.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0050] Hereinafter, a light source device and a projector
according to the invention will be explained based on some
embodiments shown in the accompanying drawings.

First Embodiment

[0051] FIG.1is a plan view showing an optical system of a
projector 1000 according to a first embodiment.

[0052] FIGS. 2A through 2C are diagrams showing a light
source device 10 according to the first embodiment for the
purpose of the explanation thereof. FIG. 2A is a plan view
showing an optical system of the light source device 10, FIG.
2B is a diagram showing the intensity distribution of the
excitation light (blue light) in an excitation light combining
section 50, and FIG. 2C is a diagram showing the intensity
distribution of the excitation light (the blue light) input inside
the fluorescence generation area in a fluorescent layer 72. It
should be noted that in FIGS. 2B and 2C, the closer to white
the color is, the stronger the intensity of the excitation light
(the blue light) input thereto is. The same can be applied to
FIGS. 5B, 5C, 7B, and 7C.

[0053] FIGS. 3A and 3B are diagrams showing a first solid-
state light source array 22 and a second solid-state light
source array 32 in the first embodiment for the purpose of the
explanation thereof. FIG. 3A is a diagram of the first solid-
state light source array 22 viewed from the side of the exci-
tation light combining section 50, and FIG. 3B is a diagram of
the second solid-state light source array 32 viewed from the
side of the excitation light combining section 50.

[0054] FIGS. 4A through 4C are graphs respectively show-
ing the emission intensity characteristics of a first solid-state
light source 25, the emission intensity characteristics of a
second solid-state light source 35, and the emission intensity
characteristics of a fluorescent material in the first embodi-
ment. FIG. 4A is a graph showing the emission intensity
characteristics of the first solid-state light source 25, F1G. 4B
is a graph showing the emission intensity characteristics of
the second solid-state light source 35, and FIG. 4C is a graph
showing the emission intensity characteristics of the fluores-
cent material included in a fluorescent layer 72. The emission
intensity characteristics denote the characteristics of the light
source regarding the wavelength and the intensity of the light
emitted therefrom in response to application of the voltage, or
the characteristics of the fluorescent material regarding the
wavelength and the intensity of the light emitted therefrom in
response to input of the excitation light. The vertical axes of
the graphs represent the relative emission intensity assuming
that the emission intensity at the wavelength at which the
emission intensity is the highest is 1. The lateral axes of the
graphs represent wavelength.

Petitioner Ex 1006 014



US 2012/0008098 Al

[0055] It should be noted that in each of the drawings the
reference symbol R represents red light, the reference symbol
G represents green light, and the reference symbol B repre-
sents blue light. Further, the colored light denoted by a sym-
bol suffixed with (p) is the light consisting of p-polarized
light, the colored light denoted by a symbol suffixed with (s)
is the light consisting of s-polarized light, and the colored
light denoted by a symbol suffixed with neither (p) nor (s) is
the light consisting of both of p-polarized light and s-polar-
ized light.

[0056] In the present specification and the drawings, the
constituents (e.g., the housing and fixing members for fixing
the constituents) having no direct implication on the optical
system will be omitted from the description and the illustra-
tion.

[0057] Asshown in FIG. 1, the projector 1000 according to
the first embodiment is provided with the illumination device
100, a color separation light guide optical system 200, three
liquid crystal light modulation devices 400R, 400G, and
400B as alight modulation device, a cross dichroic prism 500,
and a projection optical system 600.

[0058] The illumination device 100 is provided with the
light source device 10, a first lens array 120, a second lens
array 130, a polarization conversion element 140, and an
overlapping lens 150. The illumination device 100 emits
white light including red light, green light, and blue light.
[0059] Asshownin FIGS. 1 and 2A, the light source device
is provided with a first excitation light generation section 20,
a second excitation light generation section 30, aA/2 plate 40,
the excitation light combining section 50, a light collection
optical system 60, a fluorescence generation section 70, and a
collimating optical system 80. The light source device 10
emits the white light as a whole.

[0060] The first excitation light generation section 20 has
the first solid-state light source array 22 and a collimator lens
array 27.

[0061] As shown in FIG. 3A, the first solid-state light
source array 22 has a substrate 24, and 25 first solid-state light
sources 25 each generating the blue light as the excitation
light. In the first solid-state light source array 22, the 25 first
solid-state light sources are arranged in a 5x5 matrix. In FIG.
3A, the reference numeral is attached only to the upper-
leftmost one of the first solid-state light sources 25.

[0062] It should be noted that in the light source device
according to the present embodiment, the number of first
solid-state light sources is not limited to 25, but is only
required to be plural, namely two or more. The same can be
applied to the number of second solid-state light sources
described later.

[0063] The substrate 24 has a function of mounting the
solid-state light sources 25. Although the detailed explanation
is omitted, the substrate 24 also has a function of intervening
the power supply to the solid-state light sources 25, a function
of radiating the heat generated in the solid-state light sources
25, and so on.

[0064] The solid-state light sources 25 are each formed of a
semiconductor laser for generating the blue light (with a peak
emission intensity at around 460 nm, see FIG. 4A) as the
excitation light. As shown in FIG. 3A, the semiconductor
laser has arectangular emission area, and is configured so that
the spread angle along the short side direction of the emission
area becomes larger than the spread angle along the long side
direction of the emission area. The dimension of the emission
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area in the semiconductor laser is 8 um in the long side and 2
um in the short side, for example.

[0065] The solid-state light sources 25 generate the blue
light consisting of p-polarized light. Therefore, the blue light
from the first excitation light generation section 20 enters the
excitation light combining section 50 as the blue light con-
sisting of p-polarized light. It should be noted that in order for
making the excitation light from the first excitation light
generation section enter the excitation light combining sec-
tion as the excitation light consisting of p-polarized light, it is
also possible to use a solid-state light source for emitting the
excitation light consisting of s-polarized light and a A/2 plate
instead of using the solid-state light source for generating the
excitation light consisting of p-polarized light as described
above.

[0066] The collimator lens array 27 is disposed so as to
correspond to the plurality of first solid-state light sources 25,
and has 25 collimator lenses 29 (the reference numeral is
provided only to one located at the end in the drawing) for
roughly collimating the blue light generated by the plurality
of first solid-state light sources 25, respectively. Although the
explanation with illustration is omitted, the plurality of col-
limator lenses 29 is arranged in a 5x5 matrix. The collimator
lenses 29 are each formed of a planoconvex lens.

[0067] The collimator lens array 27 is disposed so that the
convex surfaces in the plurality of collimator lenses 29 face to
the side of the first solid-state light source array 22. It should
be noted that the collimator lens array can also be disposed so
that the flat surfaces in the plurality of collimator lenses face
to the side of the first solid-state light source array.

[0068] The second excitation light generation section 30
has the second solid-state light source array 32 and a colli-
mator lens array 37.

[0069] As shown in FIGS. 1, 3B, and 4B, since the second
solid-state light source array 32 and the collimator lens array
37 have the substantially the same configuration as that of the
first solid-state light source array 22 and the collimator lens
array 27, the explanation therefor will be omitted. It should be
noted that the reference numeral 34 denotes a substrate of the
second solid-state light source array 32, the reference
numeral 35 denotes the second solid-state light source, and
the reference numeral 39 denotes the collimator lens.

[0070] As shown in FIGS. 1 and 2A, the first excitation
light generation section 20 and the second excitation light
generation section 30 are arranged so that the blue light from
the first excitation light generation section and the blue light
from the second excitation light generation section 30 are
shifted from each other in a plane perpendicular to the light
axis of the blue light combined by the excitation light com-
bining section 50 described later.

[0071] TheA/2 plate 40 is a wave plate having a function of
converting the blue light consisting of p-polarized light from
the second excitation light generation section into the blue
light consisting of s-polarized light. Due to the A/2 plate 40,
the blue light from the second excitation light generation
section 30 enters the excitation light combining section 50 as
the blue light consisting of s-polarized light.

[0072] The excitation light combining section 50 transmits
the blue light (first excitation light) from the first excitation
light generation section 20 and reflects the blue light (second
excitation light) from the second excitation light generation
section 30 to thereby combine the blue light from the first
excitation light generation section 20 and the blue light from
the second excitation light generation section 30. The excita-
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tion light combining section 50 consists of a polarization
beam combiner for transmitting the light consisting of p-po-
larized light and reflecting the light consisting of s-polarized
light. The excitation light combining section 50 is disposed so
that the angle between the optical axis of the light collection
optical system 60 and the excitation light combining surface
50 becomes 45 degrees.

[0073] As shown in FIG. 2B, in the excitation light com-
bining section 50, the blue light from the first excitation light
generation section 20 and the blue light from the second
excitation light generation section 30 enter respective regions
different from each other. As a result, the intensity distribu-
tions arranged in a 5x10 matrix are obtained.

[0074] The light collection optical system 60 collects the
blue light combined by the excitation light combining section
50 to a predetermined light collection position. As shown in
FIGS. 1 and 2A, the light collection optical system 60 is
provided with a first lens 62 and a second lens 64. The first
lens 62 and the second lens 64 are each formed of a biconvex
lens. It should be noted that the shapes of the first lens and the
second lens are not limited to the shape described above, but
can be the shapes with which the light collection optical
system composed of the first lens and the second lens is
arranged to collect the excitation light reflected by the exci-
tation light combining section to a predetermined light col-
lection position, in essence. Further, the number of lenses
constituting the light collection optical system can be one, or
three or more.

[0075] The fluorescence generation section 70 is disposed
in the vicinity of the light collection position, and has a
fluorescent layer 72 for generating a fluorescence including
the red light and the green light from some of the blue light
collected by the light collection optical system 60, and a
transparent member 74 for supporting the fluorescent layer
72. The fluorescence generation section 70 is disposed at a
position where the blue light collected by the light collection
optical system 60 enters the fluorescent layer 72 in a defo-
cused state. The fluorescence generation section 70 emits the
light including the blue light, which is transmitted through the
fluorescent layer 72 without being involved in the generation
of the fluorescence, together with the fluorescence, and
appearing white light as a whole.

[0076] The fluorescent layer 72 is formed of a layer includ-
ing (Y,Gd);(Al,Ga);0,,:Ce as a YAG fluorescent material. It
should be noted that the fluorescent layer can be formed of a
layer including a YAG fluorescent material other than (Y,Gd)
5(A1,Ga);0,,:Ce, a layer including a silicate fluorescent
material, or a layer including a TAG fluorescent material.
Further, a layer including a mixture of a fluorescent material
(e.g.,a CaAlSiN, red fluorescent material) for converting the
principal excitation light into the red light and a fluorescent
material (e.g., a p-SIALON green fluorescent material) for
converting the principal excitation light into the green light
can also be adopted.

[0077] The fluorescent layer 72 converts some of the blue
light from the light collection optical system 60 into the
fluorescence including the red light (having the emission
intensity peak at around 610 nm) and the green light (having
the emission intensity peak at around 550 nm), and then emits
the fluorescence (see FIG. 4B).

[0078] It should be noted that the blue light transmitted
through the fluorescent layer 72 without being involved in the
generation of the fluorescence out of the blue light is emitted
together with the fluorescence. On this occasion, the blue
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light is scattered or reflected in the fluorescent layer 72, and is
therefore emitted from the fluorescent layer 72 as the light
having distribution (so-called Lambertian distribution) char-
acteristics roughly the same as those of the fluorescence.
[0079] The transparent member 74 is made of, for example,
quartz glass or optical glass.

[0080] On the light collection optical system side of the
fluorescent layer 72, there can be formed a layer (a so-called
dichroic coat) for transmitting the excitation light and reflect-
ing the fluorescence.

[0081] As shown in FIG. 2C, in a fluorescence generation
area as the light collection area in the fluorescent layer 72, it
is arranged that the blue light from the first excitation light
generation section 20 and the blue light from the second
excitation light generation section enter respective regions
different from each other. More specifically, in the fluores-
cence generation area in the fluorescent layer 72, first
entrance areas where the blue light emitted from the plurality
of first solid-state light sources 25 enters and second entrance
areas where the blue light emitted from the plurality of second
solid-state light sources 35 enters are arranged alternately. In
the first embodiment, the fluorescence generation area is a
square 1 mm on a side.

[0082] The collimating optical system 80 roughly colli-
mates the light from the fluorescence generation section 70.
As shown in FIGS. 1 and 2A, the collimating optical system
80 is provided with a first lens 82 and a second lens 84. The
first lens 82 and the second lens 84 are each formed of a
biconvex lens. It should be noted that the shapes of the first
lens and the second lens are not limited to the shape described
above, but can be the shapes with which the collimating
optical system composed of the first lens and the second lens
is arranged to roughly collimate the light from the fluores-
cence generation section 70, in essence. Further, the number
of lenses constituting the collimating optical system can be
one, or more than two.

[0083] As shown in FIG. 1, the first lens array 120 has a
plurality of first small lenses 122 for dividing the light from
the light source device 10 into a plurality of partial light
beams. The first lens array 120 has a function as a beam
splitting optical element for splitting the light from the light
source device 10 into a plurality of partial light beams, and
has a configuration of arranging the plurality of first small
lenses 122 in a plane perpendicular to the illumination light
axis 100ax in a matrix with a plurality of rows and a plurality
of columns. Although the explanation with reference to a
drawing will be omitted, an outer shape of the first small lens
122 is substantially similar to an outer shape of the image
forming areas of the liquid crystal light modulation devices
400R, 400G, and 400B.

[0084] The second lens array 130 has a plurality of second
small lenses 132 corresponding to the first small lenses 122 of
the first lens array 120. The second lens array 130 has a
function of imaging the image of each of the first small lenses
122 of the first lens array 120 in the vicinity of the image
forming areas of the liquid crystal light modulation devices
400R, 400G, and 400B in cooperation with the overlapping
lens 150. The second lens array 130 has a configuration of
arranging the plurality of second small lenses 132 in a plane
perpendicular to the illumination light axis 100ax in a matrix
with a plurality of rows and a plurality of columns.

[0085] The polarization conversion element 140 is a polar-
ization conversion element for converting each of the partial
beams split by the first lens array 120 into a substantially
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unique linearly polarized light beam having a uniform polar-
ization direction, and emitting the resulted partial light
beams.

[0086] The polarization conversion element 140 has a
polarization split layer for transmitting one linearly polarized
component out of the polarization components included in
the light from the light source 10 without modification while
reflecting the other linearly polarized component in a direc-
tion perpendicular to the illumination light axis 100ax, a
reflecting layer for reflecting the other linearly polarized
component, which is reflected by the polarization split layer,
in a direction parallel to the illumination light axis 100ax, and
a wave plate for converting the other linearly polarized com-
ponent reflected by the reflecting layer into the one linearly
polarized component.

[0087] The overlapping lens 150 makes the partial light
beams from the polarization conversion element 140 overlap
in the illuminated area. The overlapping lens 150 is an optical
element for collecting each of the partial light beams and then
overlapping the partial light beams in the vicinity of the image
forming area of each of the liquid crystal light modulation
devices 400R, 400G. The overlapping lens 150 is disposed so
that the optical axis of the overlapping lens 150 and the optical
axis of the illumination device 100 become substantially
identical to each other. It should be noted that the overlapping
lens 150 can also be configured with a compound lens having
a plurality of lenses combined with each other. The first lens
array 120, the second lens array 130, and the overlapping lens
150 constitute an integrator optical system for further homog-
enizing the light from the light source device 10 as a lens
integrator optical system.

[0088] It should be noted that a rod integrator optical sys-
tem provided with an integrator rod can also be used instead
of the lens integrator optical system.

[0089] The color separation light guide optical system 200
is provided with dichroic mirrors 210, 220, reflecting mirrors
230, 240, and 250, and relay lens 260, 270. The color sepa-
ration light guide optical system 200 has a function of sepa-
rating the light from the illumination device 100 into the red
light, the green light, and the blue light, and respectively
guiding the colored lights of the red light, the green light, and
the blue light to the liquid crystal light modulation devices
400R, 400G, and 400B to be the objects of illumination.
[0090] Collecting lenses 300R, 300G, and 300B are dis-
posed between the color separation light guide optical system
200 and the liquid crystal light modulation devices 400R,
400G, and 400B, respectively.

[0091] The dichroic mirrors 210, 220 are mirrors each hav-
ing a wavelength selecting transmissive film formed on a
substrate, which reflects the light in a predetermined wave-
length band and transmits the light in another wavelength
band.

[0092] The dichroic mirror 210 is a dichroic mirror for
reflecting the red light component and transmitting the green
light and blue light components.

[0093] The dichroic mirror 220 is a dichroic mirror for
reflecting the green light component and transmitting the blue
light component.

[0094] The reflecting mirror 230 is a reflecting mirror for
reflecting the red light component.

[0095] The reflecting mirrors 240, 250 are reflecting mir-
rors for reflecting the blue light component.

[0096] The red light reflected by the dichroic mirror 210 is
reflected by the reflecting mirror 230, and enters the image
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forming area of the liquid crystal light modulation device
400R for the red light after being transmitted through the
collecting lens 300R.

[0097] The green light having been transmitted through the
dichroic mirror 210 is reflected by the dichroic mirror 220,
and then enters the image forming area of the liquid crystal
light modulation device 400G for the green light after being
transmitted through the collecting lens 300G.

[0098] The blue light having been transmitted through the
dichroic mirror 220 enters the image forming area of the
liquid crystal light modulation device 400B for the blue light
via the relay lens 260, the reflecting mirror 240 on the
entrance side, the relay lens 270, the reflecting mirror 250 on
the exit side, and the collecting lens 300B. The relay lenses
260, 270 and the reflecting mirrors 240, 250 have a function
of guiding the blue light component thus transmitted through
the dichroic mirror 220 to the liquid crystal light modulation
device 400B.

[0099] It should be noted that since the length of the light
path of the blue light is larger than the lengths of the light
paths of the other colored lights, such relay lenses 260, 270
are provided to the light path of the blue light in order for
preventing degradation of the light efficiency caused by the
diffusion of the light. In the projector 1000 according to the
first embodiment, such a configuration as described above is
adopted because the length of the light path of the blue light
beam is large. However, it is also possible to adopt the con-
figuration in which the length of the light path of the red light
is elongated, and the relay lenses 260, 270 and the reflecting
mirrors 240, 250 are used in the light path of the red light.
[0100] The liquid crystal light modulation devices 400R,
400G, and 400B are for modulating the respective colored
lights having entered in accordance with the image informa-
tion to thereby form a color image, and become the illumina-
tion object of the illumination device 100. It should be noted
that, although omitted from the drawings, the entrance side
polarization plates are disposed between the collecting lenses
300R, 300G, and 300B and the liquid crystal light modulation
devices 400R, 400G, and 400B, respectively, so as to inter-
vene therebetween, and the exit side polarization plates are
disposed between the liquid crystal light modulation devices
400R, 400G, and 400B and the cross dichroic prism 500,
respectively, so as to intervene therebetween. The light modu-
lation of the respective colored lights having entered is per-
formed by the entrance side polarization plates, the liquid
crystal light modulation devices 400R, 400G, and 400B, and
the exit side polarization plates described above.

[0101] The liquid crystal light modulation devices 400R,
400G, and 400B are each a transmissive liquid crystal light
modulation device formed by encapsulating a liquid crystal
material as an electro-optic material between a pair of trans-
parent glass plates, and modulates the polarization direction
of a single kind of linearly polarized light emitted from the
entrance side polarization plate in accordance with image
signal provided thereto using, for example, polysilicon TFTs
as switching elements.

[0102] The cross dichroic prism 500 is an optical element
for combining the optical images modulated for respective
colored lights emitted from the respective exit side polariza-
tion plates to thereby form a color image. The cross dichroic
prism 500 has a substantially rectangular planar shape com-
posed of four rectangular prisms bonded to each other, and on
the substantially X-shaped interfaces on which the rectangu-
lar prisms are bonded to each other, there are formed dielec-
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tric multilayer films. The dielectric multilayer film formed on
one of the substantially X-shaped interfaces is for reflecting
the red light, and the dielectric multilayer film formed on the
other of the interfaces is for reflecting the blue light. The red
light and the blue light are deflected by these dielectric mul-
tilayer films to have the proceeding direction aligned with the
proceeding direction of the green light, thus the three colored
lights are combined to each other.

[0103] The color image emitted from the cross dichroic
prism 500 is projected in an enlarged manner by the projec-
tion optical system 600 to form an image on the screen SCR.
[0104] Then, advantages of the light source device 10 and
the projector 1000 according to the first embodiment will be
explained.

[0105] According to the light source device 10 related to the
first embodiment, the fluorescence (the red light and the green
light) is generated using the excitation light (the blue light)
from the two excitation light generation sections (the first
excitation light generation section 20 and the second excita-
tion light generation section 30) each provided with a plural-
ity of solid-state light sources. Therefore, it becomes possible
to further increase the luminance of the light source.

[0106] Further, according to the light source device 10
related to the first embodiment, the excitation light from each
of the two excitation light generation sections enters the
inside of the fluorescence generation area as the light collec-
tion area in the fluorescent layer 72. Therefore, the area of the
fluorescence generation area in which the fluorescence is
generated becomes sufficiently small, and there is no chance
that the light efficiency is degraded due to the use of the two
excitation light generation sections.

[0107] Further, according to the light source device 10
related to the first embodiment, it is arranged that the excita-
tion lights from the two excitation light generation sections
are combined using the excitation light combining section 50,
and then collected by the light collection optical system 60.
Therefore, it becomes possible to input the excitation light to
the fluorescent layer 72 with a smaller incident angle com-
pared to the case of combining the excitation lights from the
two excitation light generation sections without using the
excitation light combining section according to the first
embodiment. In that sense, there is no chance that the light
efficiency is degraded due to the use of the two excitation light
generation sections.

[0108] Inview of the advantages described above, the light
source device 10 according to the first embodiment becomes
the light source device capable of further increasing the lumi-
nance of the light source device without degrading the light
efficiency.

[0109] Further, according to the light source device 10
related to the first embodiment, the excitation lights from the
two excitation light generation sections enter the respective
regions different from each other although located inside the
fluorescence generation area having a sufficiently small size
as described above. Therefore, there is no chance that an
excessively large thermal load is applied to a certain area
inside the fluorescence generation area described above, and
there is no chance that the life of the fluorescent layer is
shortened due to the use of the two excitation light generation
sections.

[0110] Further, according to the light source device 10
related to the first embodiment, it is arranged that the excita-
tion light from the first excitation light generation section 20
and the excitation light from the second excitation light gen-
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eration section 30 enter the respective regions different from
each other also in the excitation light combining section 50.
Therefore, since the excitation lights from the two excitation
light generation sections enter the respective regions different
from each other in the excitation light combining section 50,
there is no chance that the excessively large thermal load is
applied to a certain area of the excitation light combining
section 50, and there is no chance that the life of the excitation
light combining section is shortened due to the use of the two
excitation light generation sections.

[0111] Further, according to the light source device 10
related to the first embodiment, it is arranged that the excita-
tion light combining section 50 is formed of the polarization
beam combiner for transmitting the light consisting of p-po-
larized light and reflecting the light consisting of s-polarized
light, and the excitation light from the first excitation light
generation section 20 enters the excitation light combining
section 50 as the excitation light consisting of p-polarized
light, and the excitation light from the second excitation light
generation section 30 enters the excitation light combining
section 50 as the excitation light consisting of s-polarized
light. Therefore, it becomes possible to combine the excita-
tion light from the first excitation light generation section 20
and the excitation light from the second excitation light gen-
eration section 30 with high efficiency using the principle of
the polarization beam combiner.

[0112] Further, according to the light source device 10
related to the first embodiment, the fluorescence generation
section 70 is disposed at a position where the excitation light
collected by the light collection optical system 60 enters the
fluorescent layer 72 in a defocused state. Therefore, the fluo-
rescence with high intensity can be obtained without applying
an excessively large thermal load to the fluorescent layer, and
it becomes possible to realize the light source device capable
of preventing the deterioration and burnout of the fluorescent
layer to thereby further increase the life thereof.

[0113] Further, according to the light source device 10
related to the first embodiment, it is arranged that the plurality
of first solid-state light sources 25 and the plurality of second
solid-state light sources 35 are each arranged in a matrix, and
the first entrance areas where the excitation light emitted from
the plurality of first solid-state light sources 25 enters and the
second entrance areas where the excitation light emitted from
the plurality of second solid-state light sources 35 enters are
arranged alternately in the fluorescent layer 72. Therefore, it
becomes possible to input the excitation lights from the two
excitation light generation sections evenly across the inside of
the fluorescence generation area.

[0114] Further, according to the light source device 10
related to the first embodiment, since the first solid-state light
source 25 and the second solid-state light source 35 are each
formed of a semiconductor laser, a small-sized and high-
power light source device is obtained.

[0115] Further, according to the light source device 10
related to the first embodiment, since the excitation light
combining section 50 formed of the polarization beam com-
biner is used, and the semiconductor laser emits the excitation
light consisting of polarized light, there is no need for con-
verting the excitation light into the excitation light consisting
of polarized light. Therefore, the advantage that the structure
of the light source device can be made simple can also be
obtained.

[0116] According to the projector 1000 related to the first
embodiment, since the light source device 10 according to the

Petitioner Ex 1006 018



US 2012/0008098 Al

invention capable of further increasing the luminance without
degrading the light efficiency is provided, the projector
capable of further increasing the luminance of the display
screen without degrading the light efficiency is obtained.

Second Embodiment

[0117] FIGS. 5A through 5C are diagrams showing a light
source device 12 according to a second embodiment for the
purpose of the explanation thereof. FIG. 5A is a plan view
showing an optical system of the light source device 12, FIG.
5B is a diagram showing the intensity distribution of the
excitation light (the blue light) in the excitation light combin-
ing section 50, and FIG. 5C is a diagram showing the intensity
distribution of the excitation light (the blue light) input inside
the fluorescence generation area in the fluorescent layer 72.
[0118] FIGS. 6A and 6B are diagrams showing the first
solid-state light source array 22 and a second solid-state light
source array 33 in the second embodiment for the purpose of
the explanation thereof. FIG. 6A is a diagram of the first
solid-state light source array 22 viewed from the side of the
excitation light combining section 50, and FIG. 6B is a dia-
gram of the second solid-state light source array 33 viewed
from the side of the excitation light combining section 50.
[0119] The light source device 12 according to the second
embodiment basically has a configuration substantially the
same as that of the light source device 10 according to the first
embodiment, but is different from the case of the light source
device 10 according to the first embodiment in the configu-
ration of the second excitation light generation section. Spe-
cifically, in the light source device 12 according to the second
embodiment, as shown in FIGS. 5A through 5C, 6A, and 6B,
each of the emission areas of the first solid-state light sources
25 and each of the emission areas of second solid-state light
sources 36 have the relationship in which the orientations of
the long side and the short side are reverse to each other. On
the other hand, the first excitation light generation section 20
and a second excitation light generation section 31 are not
arranged so that the blue light from the first excitation light
generation section 20 and the blue light from the second
excitation light generation section 30 are shifted from each
other in a plane perpendicular to the light axis of the blue light
combined by the excitation light combining section 50. In
accordance therewith, the second excitation light generation
section 31 is provided with a collimator lens array 38 corre-
sponding to the solid-state light source array 33. Further,
since it results that the second solid-state light sources 36
generates the blue light consisting of s-polarized light, the
light source device 12 is not provided with the A/2 plate 40.
[0120] As described above, the light source device 12
according to the second embodiment is different from the
light source device 10 according to the first embodiment in
the configuration of the second excitation light generation
section. However, similarly to the light source device 10
according to the first embodiment, in the light source device
12 according to the second embodiment, the excitation lights
(the blue lights) from the two excitation light generation
sections (the first excitation light generation section 20 and
the second excitation light generation section 31) each having
aplurality of solid-state light sources are combined with each
other using the excitation light combining section 50, the
excitation light thus combined is collected by the light col-
lection optical system 60, the excitation light thus collected
enters the inside of the fluorescence generation area as the
light collection area in the fluorescent layer 72, and the fluo-
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rescent layer 72 generates the fluorescence (the red light and
the green light). Therefore, the light source device capable of
further increasing the luminance of the light source device
without degrading the light efficiency is obtained.

[0121] Further, according to the light source device 12
related to the second embodiment, the semiconductor laser
has a rectangular emission area, and is configured so that the
spread angle along the short side direction of the emission
area becomes larger than the spread angle along the long side
direction of the emission area. Further, at the same time, each
of the emission areas of the first solid-state light sources 25
and each of the emission areas of the second solid-state light
sources 36 have the relationship in which the orientations of
the long side and the short side are reverse to each other.
Therefore, the excitation lights from the two excitation light
generation sections enter the respective regions different
from each other although located inside the fluorescence gen-
eration area having a sufficiently small size as described
above. Therefore, there is no chance that an excessively large
thermal load is applied to a certain area inside the fluores-
cence generation area described above, and there is no chance
that the life of the fluorescent layer is shortened due to the use
of the two excitation light generation sections.

[0122] It should be noted that the light source device 12
according to the second embodiment has substantially the
same configuration as that of the light source device 10
according to the first embodiment except the fact that it is
different from the light source device 10 according to the first
embodiment in the configuration of the second excitation
light generation section, and therefore, obtains the corre-
sponding advantages out of the advantages the light source
device 10 according to the first embodiment has without
change.

Third Embodiment

[0123] FIGS. 7A through 7C are diagrams showing a light
source device 14 according to a third embodiment for the
purpose of the explanation thereof. FIG. 7A is a plan view
showing an optical system of the light source device 14, FIG.
7B is a diagram showing the intensity distribution of the
excitation light (the blue light) in an excitation light combin-
ing section 50, and FIG. 7C is a diagram showing the intensity
distribution of the excitation light (the excitation light) input
inside the fluorescence generation area in the fluorescent
layer 72.

[0124] The light source device 14 according to the third
embodiment basically has a configuration substantially the
same as that of the light source device 10 according to the first
embodiment, but is different from the case of the light source
device 10 according to the first embodiment in the configu-
ration of the second excitation light generation section. Spe-
cifically, in the light source device 14 according to the third
embodiment, as shown in FIGS. 7A through 7C, each of the
emission areas of the first solid-state light sources 25 and each
of'the emission areas of the second solid-state light sources 36
have the relationship in which the orientations of the long side
and the short side are reverse to each other. In accordance
therewith, the second excitation light generation section 31 is
provided with a collimator lens array 38 corresponding to the
solid-state light source array 33. Further, since it results that
the second solid-state light sources 36 generates the blue light
consisting of s-polarized light, the light source device is not
provided with the A/2 plate 40. In other words, it can also be
said that the light source device according to the third
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embodiment is a light source device having a configuration
basically the same as that of the light source device 12 accord-
ing to the second embodiment, and having the layout posi-
tions of the first excitation light generation section 20 and the
second excitation light generation section 31 are the positions
shifted from each other in a plane perpendicular to the light
axis of the blue light.

[0125] As described above, the light source device 14
according to the third embodiment is different from the light
source device 10 according to the first embodiment in the
configuration of the second excitation light generation sec-
tion. However, similarly to the light source device 10 accord-
ing to the first embodiment, the excitation lights (the blue
lights) from the two excitation light generation sections (the
first excitation light generation section 20 and the second
excitation light generation section 31) each having a plurality
of solid-state light sources are combined with each other
using the excitation light combining section 50, the excitation
light thus combined is collected by the light collection optical
system 60, the excitation light thus collected enters the inside
of'the fluorescence generation area as the light collection area
in the fluorescent layer 72, and the fluorescent layer 72 gen-
erates the fluorescence (the red light and the green light).

[0126] Therefore, the light source device capable of further
increasing the luminance of the light source device without
degrading the light efficiency is obtained.

[0127] Further, according to the light source device 14
related to the third embodiment, the semiconductor laser has
a rectangular emission area, and is configured so that the
spread angle along the short side direction of the emission
area becomes larger than the spread angle along the long side
direction of the emission area. Further, at the same time, each
of the emission areas of the first solid-state light sources 25
and each of the emission areas of the second solid-state light
sources 36 have the relationship in which the orientations of
the long side and the short side are reverse to each other.
Therefore, the excitation lights from the two excitation light
generation sections enter the respective regions different
from each other although located inside the fluorescence gen-
eration area having a sufficiently small size as described
above. Therefore, there is no chance that an excessively large
thermal load is applied to a certain area inside the fluores-
cence generation area described above, and there is no chance
that the life of the fluorescent layer is shortened due to the use
of the two excitation light generation sections.

[0128] It should be noted that the light source device 14
according to the third embodiment has substantially the same
configuration as that of the light source device 10 according to
the first embodiment except the fact that it is different from
the light source device 10 according to the first embodiment
in the configuration of the second excitation light generation
section, and therefore, obtains the advantages the light source
device 10 according to the first embodiment has without
change.

Fourth Embodiment

[0129] FIG. 8 is a plan view showing an optical system of a
light source device 16 according to a fourth embodiment.

[0130] FIGS. 9A and 9B are diagrams showing an excita-
tion light combining section 52 in the fourth embodiment for
the purpose of the explanation thereof. FIG. 9A is a perspec-
tive view of the excitation light combining section 52, and
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FIG. 9B is a diagram of'the excitation light combining section
52 viewed from the side of the first excitation light generation
section 20.

[0131] The light source device 16 according to the fourth
embodiment basically has a configuration substantially the
same as that of the light source device 10 according to the first
embodiment, but is different from the case of the light source
device 10 according to the first embodiment in the configu-
ration of the excitation light combining section. Specifically,
as shown in FIGS. 8,9A, and 9B, in the light source device 16
according to the fourth embodiment, the excitation light com-
bining section 52 has transmission areas 54 (the reference
numeral is provided only to one located at the lower center in
the drawing) for transmitting the blue light from the first
excitation light generation section 20, and reflecting areas 56
for reflecting the blue light from the second excitation light
generation section 30. The excitation light combining section
52 is formed of a reflecting mirror provided with openings at
areas corresponding to the transmission areas 54.

[0132] As described above, the light source device 16
according to the fourth embodiment is different from the light
source device 10 according to the first embodiment in the
configuration of the excitation light combining section. How-
ever, similarly to the light source device according to the first
embodiment, the excitation lights (the blue lights) from the
two excitation light generation sections (the first excitation
light generation section 20 and the second excitation light
generation section 31) each having a plurality of solid-state
light sources are combined with each other using the excita-
tion light combining section 50, the excitation light thus com-
bined is collected by the light collection optical system 60, the
excitation light thus collected enters the inside of the fluores-
cence generation area as the light collection area in the fluo-
rescent layer 72, and the fluorescent layer 72 generates the
fluorescence (the red light and the green light). Therefore, the
light source device capable of further increasing the lumi-
nance of the light source device without degrading the light
efficiency is obtained.

[0133] Further, according to the light source device 16
related to the fourth embodiment, the excitation light com-
bining section 52 has the transmission areas 54 for transmit-
ting the excitation light from the first excitation light genera-
tion section 20 and the reflecting areas 56 for reflecting the
excitation light from the second excitation light generation
section 30. By inputting the excitation light from the first
excitation light generation section 20 into the transmission
areas 54 while inputting the excitation light from the second
excitation light generation section 30 into the reflecting areas
56, it becomes possible to combine the excitation light from
the first excitation light generation section 20 and the excita-
tion light from the second excitation light generation section
30 with each other with high efficiency.

[0134] Further, according to the light source device 16
related to the fourth embodiment, there are used the excitation
light combining section 52 having the transmission areas 54
for transmitting the excitation light from the first excitation
light generation section and the reflecting areas 56 for reflect-
ing the excitation light from the second excitation light gen-
eration section 30, and the solid-state light sources each
formed of a semiconductor laser. Therefore, it is possible to
efficiently input the excitation light from the first excitation
light generation section 20 into the transmission areas 54, and
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it is possible to efficiently input the excitation light from the
second excitation light generation section 30 into the reflect-
ing areas 56.

[0135] It should be noted that the light source device 16
according to the fourth embodiment has substantially the
same configuration as that of the light source device 10
according to the first embodiment except the fact that it is
different from the light source device 10 according to the first
embodiment in the configuration of the excitation light com-
bining section, and therefore, obtains the corresponding
advantages out of the advantages the light source device 10
according to the first embodiment has without change.
[0136] Although the invention is explained hereinabove
based on the embodiments described above, the invention is
not limited to the embodiments described above. The inven-
tion can be put into practice in various forms within the scope
and spirit of the invention, and the following modifications
are also possible, for example.

[0137] Although in the first embodiment described above
the fluorescent layer 72 for generating the fluorescence
including the red light and the green light from a part of the
blue light is used, the invention is not limited thereto. FIG. 10
is a plan view showing an optical system of a projector 1008
according to a modified example. A light source device 18 in
the modified example is provided with a fluorescence genera-
tion section 76 having a fluorescent layer 78 for generating
the fluorescence (the red light and the green light) from the
whole blue light as the fluorescent layer. Further, the projector
1008 is further provided with a second illumination device
700 for emitting the blue light. The reference numeral 720
denotes a blue light generation section having substantially
the same configuration as that of the first excitation light
generation section 20. The reference numeral 730 denotes a
scattering optical system for collecting, scattering, and then
roughly collimating the blue light. The blue light generation
section 720 and the scattering optical system 730 constitute a
second light source device 710. A first lens array denoted with
the reference numeral 740 has substantially the same configu-
ration as that of the first lens array 120, a second lens array
denoted with the reference numeral 750 has substantially the
same configuration as that of the second lens array 130, a
polarization conversion element denoted with the reference
numeral 760 has substantially the same configuration as that
of the polarization conversion element 140, and an overlap-
ping lens denoted with the reference numeral 770 has sub-
stantially the same configuration as that of the overlapping
lens 150. Further, the projector 1008 is provided with a color
separation light guide optical system 202 corresponding to an
illumination device 108 and the second illumination device
700. In the case, for example, in which the projector is pro-
vided with a separate illumination device (e.g., the second
illumination device 700) for emitting the blue light as shown
in FIG. 10, it is also possible to use the fluorescent layer for
generating the fluorescence including the red light and the
green light from the whole of the blue light.

[0138] Although in each of the embodiments described
above the solid-state light sources each generating the blue
light as the excitation light, and the fluorescent layer for
generating the fluorescence including the red light and the
green light from a part of the blue light is used, the invention
is not limited thereto. For example, it is also possible to use
solid-state light sources each generating violet light or ultra-
violet light as the excitation light, and a fluorescent layer for
generating the colored light including the red light, the green

Jan. 12,2012

light, and the blue light from the violet light or the ultraviolet
light. Further, although in each of the embodiments described
above the light source device is configured to emit the white
light as a whole, the invention is not limited thereto. The light
source device can also be configured to emit light other than
the white light.

[0139] Although in the first and third embodiments there is
used the configuration of shifting the layout positions of the
first excitation light generation section 20 and the second
excitation light generation section from each other in a plane
perpendicular to the light axis of the excitation light as the
configuration of inputting the excitation lights from the two
excitation light generation sections inside the fluorescence
generation area, the invention is not limited thereto. It is also
possible to use a configuration of, for example, shifting the
angle between the optical axis of the light collection optical
system and the excitation light combining surface slightly
from an angle of 45 degrees.

[0140] Although inthe fourth embodiment described above
the excitation light reflecting section 52 consisting of the
reflecting mirror provided with the openings in the areas
corresponding to the transmission areas 54, the invention is
not limited thereto. It is also possible to use, for example, a
transparent substrate provided with reflecting layer formed in
the areas corresponding to the reflecting areas.

[0141] Although in each of the embodiments described
above the solid-state light sources each formed of the semi-
conductor laser are used, the invention is not limited thereto.
It is also possible to use, for example, the solid-state light
sources each formed of a light emitting diode.

[0142] Although in each of the embodiments described
above there are used the solid-state light sources each formed
of the semiconductor laser for generating the blue light hav-
ing the emission intensity peak of about 460 nm, the invention
is not limited thereto. It is also possible to use the solid-state
light sources each formed of a semiconductor laser for gen-
erating the blue light having the emission intensity peak in a
range of 440 nm through 450 nm. By adopting such a con-
figuration as described above, it becomes possible to improve
the efficiency in generating the fluorescence from the blue
light in the fluorescent body.

[0143] Although in each of the embodiments the p-polar-
ized light is used as the one polarized light while the s-polar-
ized light is used as the other polarized light, the invention is
not limited thereto. It is also possible to use the s-polarized
light as the one polarized light while using the p-polarized
light as the other polarized light.

[0144] Although in each of the embodiments described
above a square fluorescence generation area 1 mm on a side is
used as the fluorescence generation area, the invention is not
limited thereto. Since the fluorescence generation area having
a size included in the square 1 mm on a side is sufficient, it is
also possible to use a fluorescence generation area of a
smaller size (e.g., a square 0.8 mm on a side or a square 0.6
mm on a side) as the fluorescence generation area. By adopt-
ing such a configuration, the area of the fluorescence genera-
tion area where the fluorescence is generated can be made
further small enough.

[0145] Although in the first embodiment described above
the transmissive projector is used, the invention is not limited
thereto. It is also possible to use, for example, a reflective
projector. It should be noted here that “transmissive” denotes
that the light modulation device as the light modulation sec-
tion is a type of transmitting a light beam such as a transmis-
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sive liquid crystal display device, and “reflective” denotes
that the light modulation device as the light modulation sec-
tion is a type of reflecting a light beam such as a reflective
liquid crystal display device. Also in the case in which the
invention is applied to the reflective projector, the same
advantages as in the case with the transmissive projector can
be obtained.

[0146] Although in the first embodiment described above
the liquid crystal light modulation devices are used as the
light modulation devices of the projector, the invention is not
limited thereto. Any devices for modulating the incident light
in accordance with the image information, in general, can be
adopted as the light modulation devices, and micromirror
light modulation devices and so on can also be used. As the
micromirror light modulation device, for example, a digital
micromirror device (DMD, a trademark of Texas Instru-
ments) can be used.

[0147] Although in the first embodiment described above
the explanation is presented showing, as an example, the
projector using three liquid crystal light modulation devices,
the invention is not limited thereto. The invention can also be
applied to the projector using one, two, or more than three
liquid crystal light modulation devices.

[0148] The invention can be applied to a front projection
projector for performing projection from the side of observ-
ing the projection image, and also to a rear projection projec-
tor for performing projection from the side opposite to the
side of observing the projection image.

[0149] Although in each of the embodiments described
above, the example of applying the light source device
according to the invention to the projector is explained, the
invention is not limited thereto. For example, the light source
device according to the invention can also be applied to other
optical equipment (e.g., an optical disk device, a headlight of
a vehicle, and an illumination device).

What is claimed is:

1. A light source device comprising:

a first excitation light generation section having a first
solid-state light source array having a first solid-state
light source adapted to generate a first excitation light,
and a first collimating lens array having a first collimat-
ing lens disposed so as to correspond to the first solid-
state light source, and adapted to roughly collimate the
excitation light generated by the first solid-state light
source;

a second excitation light generation section having a sec-
ond solid-state light source array having a second solid-
state light source adapted to generate a second excitation
light, and a second collimating lens array having a sec-
ond collimating lens disposed so as to correspond to the
second solid-state light source, and adapted to roughly
collimate the excitation light generated by the second
solid-state light source;

an excitation light combining section adapted to combine
the first excitation light and the second excitation light;

a light collection optical system adapted to collect the first
excitation light and the second excitation light combined
by the excitation light combining section at a predeter-
mined light collection position; and

a fluorescence generation section located in a vicinity of
the light collection position, and having a fluorescent
layer adapted to generate a fluorescence from at least a
part of the first excitation light and the second excitation
light collected by the light collection optical system,
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wherein the first solid-state light source array includes at
least two first solid-state light sources,

the second solid-state light source array includes at least
two second solid-state light sources,

the first collimating lens array includes at least two first
collimating lenses,

the second collimating lens array includes at least two
second collimating lenses, and

the excitation light combining section transmits the first
excitation light and reflects the second excitation light to
thereby combine the first excitation light and the second
excitation light with each other.

2. The light source device according to claim 1, wherein

the first excitation light and the second excitation light are
arranged to enter respective areas different from each
other in a fluorescence generation area as a light collec-
tion area in the fluorescent layer.

3. The light source device according to claim 1, wherein

the light source device is arranged to input the first excita-
tion light and the second excitation light into respective
areas different from each other in the excitation light
combining section.

4. The light source device according to claim 2, wherein

the light source device is arranged to input the first excita-
tion light and the second excitation light into respective
areas different from each other in the excitation light
combining section.

5. The light source device according to claim 3, wherein

the excitation light combining section has a transmission
area adapted to transmit the first excitation light and a
reflecting area adapted to reflect the second excitation
light.

6. The light source device according to claim 4, wherein

the excitation light combining section has a transmission
area adapted to transmit the first excitation light and a
reflecting area adapted to reflect the second excitation
light.

7. The light source device according to claim 1, wherein

the excitation light combining section consists of a polar-
ization beam combiner adapted to transmit light consist-
ing of one polarized light and reflect light consisting of
the other polarized light, and

the light source device is arranged so that the first excita-
tion light enters the excitation light combining section as
the excitation light consisting of the one polarized light
and the second excitation light enters the excitation light
combining section as the excitation light consisting of
the other polarized light.

8. The light source device according to claim 2, wherein

the excitation light combining section consists of a polar-
ization beam combiner adapted to transmit light consist-
ing of one polarized light and reflect light consisting of
the other polarized light, and

the light source device is arranged so that the first excita-
tion light enters the excitation light combining section as
the excitation light consisting of the one polarized light
and the second excitation light enters the excitation light
combining section as the excitation light consisting of
the other polarized light.

9. The light source device according to claim 3, wherein

the excitation light combining section consists of a polar-
ization beam combiner adapted to transmit light consist-
ing of one polarized light and reflect light consisting of
the other polarized light, and
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the light source device is arranged so that the first excita-
tion light enters the excitation light combining section as
the excitation light consisting of the one polarized light
and the second excitation light enters the excitation light
combining section as the excitation light consisting of
the other polarized light.

10. The light source device according to claim 1, wherein

the fluorescence generation section is disposed at a posi-
tion where the first excitation light and the second exci-
tation light collected by the light collection optical sys-
tem enter the fluorescent layer in a defocused state.

11. The light source device according to claim 2, wherein

the fluorescence generation section is disposed at a posi-
tion where the first excitation light and the second exci-
tation light collected by the light collection optical sys-
tem enter the fluorescent layer in a defocused state.

12. The light source device according to claim 10, wherein

in the first excitation light generation section and the sec-
ond excitation light generation section, the first solid-
state light sources and the second solid-state light
sources are each arranged in a matrix, and

the light source device is configured so that first entrance
areas where the first excitation light enters and second
entrance areas where the second excitation light enters
are arranged alternately in the fluorescent layer.

13. The light source device according to claim 11, wherein

in the first excitation light generation section and the sec-
ond excitation light generation section, the first solid-
state light sources and the second solid-state light
sources are each arranged in a matrix, and

the light source device is configured so that first entrance
areas where the first excitation light enters and second
entrance areas where the second excitation light enters
are arranged alternately in the fluorescent layer.

14. The light source device according to claim 1, wherein

both of the first solid-state light source and the second
solid-state light source are each formed of a semicon-
ductor laser.

15. The light source device according to claim 2, wherein

both of the first solid-state light source and the second
solid-state light source are each formed of a semicon-
ductor laser.
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16. The light source device according to claim 14, wherein

the semiconductor laser is configured to have an emission
area having a rectangular shape, and a spread angle
along a short side of the emission area larger than a
spread angle along a long side of the emission area, and
each of the emission areas of the first solid-state light
sources and each of the emission areas of the second
solid-state light sources have a relationship in which
orientations of the long side and the short side are
reverse to each other.

17. The light source device according to claim 15, wherein

the semiconductor laser is configured to have an emission
area having a rectangular shape, and a spread angle
along a short side of the emission area larger than a
spread angle along a long side of the emission area, and
each of the emission areas of the first solid-state light
sources and each of the emission areas of the second
solid-state light sources have a relationship in which
orientations of the long side and the short side are
reverse to each other.

18. A projector comprising:

an illumination device having the light source device
according to claim 1;

a light modulation device adapted to modulate light from
the illumination device in accordance with image infor-
mation; and

a projection optical system adapted to project modulated
light from the light modulation device as a projection
image.

19. A projector comprising:

an illumination device having the light source device
according to claim 2;

a light modulation device adapted to modulate light from
the illumination device in accordance with image infor-
mation; and

a projection optical system adapted to project modulated
light from the light modulation device as a projection
image.
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