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LIGHT SOURCE APPARATUS AND IMAGE
PROJECTION APPARATUS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

Morve than one reissue application has been filed for U.S.

application Ser. No. 13/487,401, now U.S. Pat. No. 8,974,
064. U.S. application Ser. No. 15/652,455, U.S. application
Ser. No. 15/160,125, and this reissue application ave reissue
applications of U.S. Pat. No. §,974,064. This rveissue appli-
cation is a continuation reissue application of U.S. appli-
cation Ser. No. 15/652,455, filed Jul. 18, 2017, which is a
divisional reissue of U.S. application Ser. No. 15/160,125,

filed on May 20, 2016, which is an application for reissue of

U.S. Pat. No. §,974,064.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a light source apparatus
and an 1mage projection apparatus including the light source
apparatus for projecting an enlarged 1mage.

2. Description of the Related Art

Recently, there has been proposed to use a laser as a light
source for an 1mage projection apparatus such as a projector
or the like. A commercially available rear projector where a
laser 1s used as the light source 1s provided, for example. For
a front projector, a laser 1s used in combination with a
fluorescent material as the light source has been actualized
because of a problem of speckling 1n a projected 1mage or
the like.

When using a laser as the sole light source of the image
projection apparatus, repeatability of color, luminous efli-
cacy, etliciency of utilization of light or the like can be
improved. Further, as the laser 1s a point light source (or a
parallel beam), 1t 1s easy to design the optical system, mixing
of colors 1s easy, and the number of apertures (Numerical
Aperture (NA)) of a projector lens 1n the image projection
apparatus can be reduced.

Here, when solely using the laser as the light source of the
image projection apparatus, 1t 1s an important problem to
obtain suflicient amount of light. In order to solve this
problem, examples where plural lasers are densely placed in
a matrix form or i two-dimensional form on a plane are
provided (Patent Document 1 and Patent Document 2, for
example).

However, 1f plural lasers are densely provided, there 1s
another problem with how efliciently those lasers are cooled.
By densely providing the large number of lasers, the size of
the 1mage projection apparatus can be reduced. However, in
such a case, 1t becomes more diflicult to radiate heat so that
a cooling umt with a larger power may be necessary. On the
other hand, 1n order to ethiciently cool the lasers, the lasers
may be provided with longer intervals to each other. How-
ever, mn such a case, the size of the image projection
apparatus becomes larger as well as the imncident angles of
the lights to be 1njected into a rod integrator of the image
projection apparatus may become larger so that an optical
system may not function well.
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2
PATENT DOCUMENT

|Patent Document 1| Japanese Patent No. 4,055,309
|Patent Document 2| Japanese Patent No. 4,477,571

SUMMARY OF THE INVENTION

The present invention 1s made i light of the above
problems, and provides a light source apparatus, and an
image projection apparatus including the light source appa-
ratus for projecting an enlarged image capable of using
plural lasers as a light source while improving the heat
radiation.

According to an embodiment, there 1s provided a light
source apparatus mncluding a light source unit that includes
plural sets of a laser and a coupling lens corresponding to the
laser, which are circumierentially provided to form a circle;
and a reflecting unit placed within the circle and provided
with plural reflecting surfaces corresponding to the lasers of
the plural sets of the light source unit to be formed 1n a cone
shape, the light irradiated from each of the lasers being
injected into the corresponding reflecting surface via the
corresponding coupling lens.

According to another embodiment, there 1s provided an
image projection apparatus including the above light source
apparatus; an amount of light equation unit that equates the
amount of the lights reflected by the reflecting surfaces of
the reflecting umt of the light source apparatus; a light
transmission optical system that transmits the lights output
from the amount of light equation unit to an 1image forming
panel which forms an 1image; and a projection optical system
that projects an enlarged image of the image formed on the
image forming panel.

Note that also arbitrary combinations of the above-de-
scribed constituents, and any exchanges of expressions in
the present invention, made among method, device, system
and so forth, are valid as embodiments of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become more apparent from the following
detailed description when read in conjunction with the
accompanying drawings.

FIG. 1 1s a partial plan view showing an example of an
image projection apparatus of a first embodiment;

FIG. 2 1s a schematic view showing an example of the
image projection apparatus of the first embodiment;

FIG. 3 1s a schematic view showing an example of an
image projection apparatus of an alternative example 1 of
the first embodiment;

FIG. 4 1s a schematic view showing an example of an
image projection apparatus of an alternative example 2 of
the first embodiment;

FIG. 5 1s a partial plan view showing another example of
an 1mage projection apparatus of the alternative example 2
of the first embodiment;

FIG. 6 1s a schematic view showing an example of an
image projection apparatus of an alternative example 3 of
the first embodiment;

FIG. 7 1s a schematic view showing an example of an
image projection apparatus of an alternative example 4 of
the first embodiment;

FIG. 8 1s a schematic view showing another example of
an 1mage projection apparatus of an alternative example 4 of
the first embodiment;
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FIG. 9 1s a schematic view showing an example of an
image projection apparatus of an alternative example 5 of
the first embodiment;

FIG. 10 1s a schematic view showing an example of an
image projection apparatus of an alternative example 6 of
the first embodiment;

FIG. 11 1s a schematic view ol an image projection
apparatus of an alternative example 6 of the first embodi-
ment;

FIG. 12 1s a schematic view showing an example of an
image projection apparatus of an alternative example 7 of
the first embodiment;

FIG. 13 1s a perspective view showing an example of an
image projection apparatus of a second embodiment;

FIG. 14 1s a cross-sectional perspective view showing the
image projection apparatus of the second embodiment;

FIG. 15 1s a cross-sectional view showing an example of
the 1mage projection apparatus of the second embodiment;

FIG. 16 1s a partial plan view showing an example of the
image projection apparatus of the second embodiment;

FI1G. 17 1s a partial plan view showing an example of the
image projection apparatus of the second embodiment;

FIG. 18 1s a cross-sectional view showing an image
projection apparatus of an alternative example 1 of the
second embodiment;

FI1G. 19 1s a partial plan view showing an example of the
image projection apparatus of the alternative example 1 of
the second embodiment:

FIG. 20 1s a partial plan view showing an example of an
image projection apparatus of an alternative example 2 of
the second embodiment;

FIG. 21 1s a plan view showing an example of the image
projection apparatus of the alternative example 2 of the
second embodiment; and

FI1G. 22 1s a plan view showing another embodiment of an

image projection apparatus of the alternative example 2 of
the second embodiment.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

The mvention will be described herein with reference to
illustrative embodiments. Those skilled 1n the art will rec-
ognize that many alternative embodiments can be accom-
plished using the teachings of the present invention and that
the mvention 1s not limited to the embodiments illustrated
for explanatory purposes.

It 1s to be noted that, in the explanation of the drawings,
the same components are given the same reference numer-
als, and explanations are not repeated.

First Embodiment

FIG. 1 1s a partial plan view showing an example of an
image projection apparatus 10 of the first embodiment. FIG.
2 1s a schematic view showing an example of the image
projection apparatus 10 of the first embodiment.

With reference to FIG. 1 and FIG. 2, the image projection
apparatus 10 includes plural light sources 11, to 11, ,, plural
coupling lenses 12, to 12, ,, a support member 13, a reflect-
ing unit 14, a radiation member 15, a reflecting prism 16, a
rod integrator 17, a relay lens 18, an image forming panel 19
and a projector lens 20. Here, the structure composed by the
plural light sources 11, to 11,,, the plural coupling lenses
12, to 12, and the reflecting unit 14 1s an example of a “light
source apparatus’”.
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Further, the radiation member 15, the reflecting prism 16,
the rod integrator 17, the relay lens 18, the image forming
panel 19 and the projector lens 20 shown 1 FIG. 2 are not
shown 1n FIG. 1. Further, in FIG. 1, the light sources 11, to
11, , and the coupling lenses 12, to 12, , are shown by solid
lines for explanation.

The light sources 11, to 11, are, for example, lasers such
as semiconductor lasers or the like, respectively. In this
embodiment, the colors of the lights irradiated from the light
sources 11, to 11,, may be the same or may be different. The
coupling lenses 12, to 12, , are convex lenses made of glass
or plastics, for example, respectively. Hereinafter, the struc-
ture composed by the light sources 11, to 11,, and the
coupling lenses 12, to 12,, are referred to as a “first light
source umt” as well.

The support member 13 includes a flat plate 13a and a side
wall 13b. The flat plate 13a has a substantially circular shape
in a planar view. The side wall 13b has a substantially
annular shape and 1s provided at a peripheral portion of one
surface of the flat plate 13a to stand 1n a direction substan-
tially perpendicular to the one surface of the flat plate 13a.
The support member 13 1s made of, for example, a metal
such as aluminum or the like, a mold resin or the like. The
flat plate 13a and the side wall 13b may be integrally formed,
or may be separately formed and attached with each other.

The light sources 11, to 11, , are provided 1n the side wall
13b of the support member 13 at substantially even intervals
along the circumierence of the support member 13 such that
the lights are 1rradiated toward the substantial center of the
flat plate 13a of the support member 13. Further, the
coupling lenses 12, to 12,,, respectively corresponding to
the light sources 11, to 11,,, are also provided in the side
wall 13b of the support member 13 at substantially even
intervals along the circumierence of the support member 13.
The coupling lenses 12, to 12, are provided at an inner side
of the corresponding light sources 11, to 11,,. The distance
between the adjacent light sources among the light sources
11, to 11, , may be arbitrary determined by selecting the size
of the support member 13, and may be about 10 to 15 mm,
for example.

The reflecting unit 14 1s provided at the substantial center
portion of the flat plate 13a of the support member 13. The
reflecting unit 14 1s formed to have a cone or pyramid shape
provided with plural reflecting surfaces reflecting the lights
irradiated from the light sources 11, to 11, ,, respectively. In
other words, each of the reflecting surfaces of the reflecting
umt 14 1s provided at a position where the light irradiated
from the corresponding light source 11, to 11,, via the
corresponding coupling lens 12, to 12,, 1s injected. The
reflecting umt 14 1s, for example, made of a glass. The
reflecting surfaces may be formed by depositing an alumi-
num layer or the like, for example.

The radiation member 135 1s provided at the other surface
of the flat plate 13a of the support member 13 (the surface
where the side wall 13b 1s not formed). Here, the radiation
member 15 may be provided 1n accordance with necessity.

The lights 1rradiated from the light sources 11, to 11,,
pass through the respective coupling lenses 12, to 12, and
become beams substantially parallel 1n relationship waith
cach other 1n a slight condensed state. The lights passed
through the coupling lenses 12, to 12,, are retlected by the
reflecting surfaces of the reflecting unit 14 so that their
optical paths are changed to be injected 1nto the retlecting
prism 16, respectively. Alternatively, a retlecting mirror may
be used instead of the reflecting prism 16. Here, the lights
reflected by the reflecting surfaces of the retlecting unit 14
are directed to substantially the same direction.
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The lights injected 1nto the reflecting prism 16 are further
reflected by the reflecting prism 16 so that their optical paths
are changed again to be injected into the rod integrator 17.
Then, reflection 1s repeatedly performed within the rod
integrator 17 where the colors of the lights are mixed, and
the amount of each of the lights 1s also equalized to be
¢jected from the rod integrator 17. The lights ejected from
the rod itegrator 17 are iwrradiated on the image forming
panel 19 by the relay lens 18 and then projected onto an
external screen (not shown 1n the drawings) by the projector
lens 20. In this embodiment, the image forming panel 19 is
a transmission panel that forms an 1image 1n accordance with
a modulating signal. Alternatively, a reflection panel or a
digital micro mirror device (DMD) may be used as the
image forming panel 19.

The rod integrator 17 1s an example of an “amount of light
equation unit”. Alternatively, instead of the rod integrator
17, an optical system that condenses imjected lights using
plural lenses may be used as the amount of light equation
unit. Further, the relay lens 18 1s an example of a “light
transmission optical system”. Further, the projector lens 20
1s an example of a “projection optical system™.

By using the rod integrator 17, the structure of the image
projection apparatus 10 may be simplified. For example, by
positional errors or the like of the light sources and the
coupling lenses or errors 1n adjusting angles of mirrors, there
may be a case where the positions of the ejected lights are
shifted from the designation. This problem may be solved by
providing adjusting units on optical paths of the lights.
However, as the image projection apparatus 10 includes the
plural light sources, the number of the necessary adjusting
units also becomes larger to increase the cost. However, by
providing the rod integrator 17 and further having the size of
an mput portion of the rod integrator 17 made larger, plural
lights can be imjected into the rod integrator 17 without the
adjustment.

The 1mage projection apparatus 10 may further include a
diffusion panel at an iput portion of the rod integrator 17 1n
order to improve the equation of the amount of lights at an
output portion of the rod integrator 17. However, i this
case, 1t should be noted that the angle of each of the lights
¢jected from the rod integrator 17 becomes larger.

As described above, according to the image projection
apparatus 10 of the first embodiment, plural sets of the laser
(light source) and the coupling lens corresponding to the
laser (light source) are circumierentially provided. Thus, the
space between the adjacent lasers can be set longer, to
reduce mutual heat interference with each other. Further, by
providing the lasers wrradiating lights of different colors to be
adjacent, the mutual heat interference can be further
reduced. Further, by fixing the plural lasers in the single
support member, it 1s easy to provide the radiation member
(heat sink) on the support member, so that air can easily pass
through around the lasers. Further, the size of the support
member can be arbitrary set, and therefore, the heat capacity
of the support member can be increased by adjusting the
s1Ze, 1t 1s possible to radiate heat to the support member.

Further, the size (radius) for the circle along which the
plural lasers are placed can also be arbitrary set. Therefore,
the number of the lasers can also be set arbitrary. Further, the
number of lasers for each of the colors can also be set
arbitrary. Further, as the radiation of the heat 1s minimal, the
lasers with larger output (power) can be selected.

Further, incident angles of the lights injected into the rod
integrator can be made smaller, so that, the cross-sectional
area of the rod integrator can be formed smaller. Therefore,
spreading of the lights of the image forming panel can be
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suppressed, and a projector lens with smaller NA (larger F
value) can be used. Therefore, 1t becomes more easily to

design or manufacture the projector lens and 1mage quality
can also be easily improved.

Further, the lights of plural colors can be mixed without
using dichroic mirrors (or, a dichroic prism).

In other words, according to the embodiment, a light
source apparatus, and an 1mage projection apparatus includ-
ing the light source apparatus for projecting an enlarged
image capable of using plural lasers as a light source while
improving the heat radiation are provided.

Further, the i1mage projection apparatus of the first
embodiment 1s applicable to various needs as the image
projection apparatus has the various merits as described
above, and 1s capable of being designed arbitrary. The image
projection apparatus 10 of the first embodiment may be
applicable to a projector.

Alternative Example 1 of the First Embodiment

In an alternative example 1 of the first embodiment, the
plural light sources and the corresponding plural coupling
lenses are provided to be inclined with respect to the one
surface of the flat plate of the support member. In the
alternative example 1 of the first embodiment, explanation
of the same components which are already explained 1s not
repeated.

FIG. 3 1s a schematic view showing an example of an
image projection apparatus 20 of the alternative example 1
of the first embodiment. With reference to FIG. 3, the image
projection apparatus 20 1s different from the 1mage projec-
tion apparatus 10 (see FIG. 1 and FIG. 2) 1n that the support
member 13 1s substituted by a support member 23.

The support member 23 includes a flat plate 23a and a side
wall 23b. The flat plate 23a has a substantially circular shape
in a planar view. The side wall 23b has a substantially
annular shape and 1s provided at the peripheral portion of
one surface of the flat plate 23a. The support member 23 1s
made of, for example, a metal such as aluminum or the like,
a mold resin or the like. The flat plate 23a and the side wall
23b may be integrally formed, or may be separately formed
and attached with each other.

For the support member 13 explained with reference to
FIG. 1 and FIG. 2, the side wall 13b 1s provided at the
peripheral portion of the one surface of the flat plate 13a to
stand 1n the direction substantially perpendicular to the
surface of the flat plate 13a. However, for the support
member 23, the side wall 23b 15 provided at the peripheral
portion of the one surface of the flat plate 23a to be inclined
with respect to the one surface of the flat plate 23a 1n an
expanding manner. In this example as well, the light sources
11, to 11,, and the coupling lenses 12, to 12,, are provided
in the side wall 23b of the support member 23. In this case,
the light sources 11, to 11,, and the coupling lenses 12, to
12, , are placed to be inclined with respect to the one surface
of the flat plate 23a such that the lights 1rradiated from the
light sources 11, to 11, , and passed through the correspond-
ing coupling lenses 12, to 12,, proceed in a direction
inclined with respect to the one surface of the flat plate 23a
of the support member 23 to be farther from the one surface
of the flat plate 23a as they proceed.

Here, alternatively, for the support member 23, the side
wall 23b may be provided at the peripheral portion of the
one surface of the flat plate 23a to stand in the direction
substantially perpendicular to the one surface of the flat plate
23a, similar to the support member 13 shown in FIG. 2.
However, only the light sources 11, to 11, and the coupling
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lenses 12, to 12,, may be provided to be inclined with
respect to the one surface of the flat plate 23a.

As described 1n this example, the optical axes of the lights
irradiated from the light sources 11, to 11,, and passed
through the corresponding coupling lenses 12, to 12,, may
not necessarily be in a parallel relationship with the one
surface of the flat plate 23a, and may be 1inclined with respect
to the one surface of the flat plate 23a. Even for this
structure, the merits same as those of the first embodiment
can be obtained.

Alternative Example 2 of the First Embodiment

In an alternative example 2 of the first embodiment, plural
light source units are provided. In the alternative example 2
of the first embodiment, explanation of the same compo-
nents which are already explained 1s not repeated.

FIG. 4 1s a schematic view showing an example of an
image projection apparatus 30 of the alternative example 2
of the first embodiment. With reference to FIG. 4, the image
projection apparatus 30 1s different from the 1image projec-
tion apparatus 10 (see FIG. 1 and FIG. 2) 1n that two light
source units, a first light source unit and a second light
source unit, are provided at the support member 13 posi-
tioned 1n two levels.

Further, the 1mage projection apparatus 30 further
includes a condenser lens 33 provided on optical paths
between the reflecting unit 14 and the reflecting prism 16.
The first light source unit includes the light sources 11, to
11,, and the coupling lenses 12, to 12,,. The second light
source unit includes light sources 31, to 31,, and coupling
lenses 32, to 32,, respectively corresponding to the light
sources 31, to 31,..

The structure composed by the plural light sources 11, to
11,, and 31, to 31,,, the plural coupling lenses 12, to 12,
and 32, to 32,,, and the retlecting unit 14 1s an example of
the light source apparatus.

The light sources 31, to 31, are, for example, lasers such
as semiconductor lasers or the like, respectively. In this
embodiment, the colors of the 1rradiated lights from the light
sources 31, to 31, , may be the same or may be different. The
coupling lenses 32, to 32, , are convex lenses made of glass
or plastics, for example, respectively.

The light sources 31, to 31,, may be placed to overlap the
light sources 11, to 11,, i a planar view. Further, the
coupling lenses 32, to 32,, may be placed to overlap the
coupling lenses 12, to 12,, in a planar view.

In this example, the light sources 11, to 11,, and the
coupling lenses 12, to 12,, are placed above the light
sources 31, to 31,, and the coupling lenses 32, to 32,,,
respectively.

In this example, the light sources 11, to 11,, and the
coupling lenses 12, to 12, are attached to the side wall 13b
of the support member 13 to be inclined with respect to the
one surtace of the flat plate 13a directing toward a direction
opposite to the one surface of the tlat plate 13a. With this
structure, the lights irradiated from the light sources 11, to
11,, and passed through the coupling lenses 12, to 12,,
proceed 1n a direction inclined with respect to the one
surface of the flat plate 13a of the support member 13 to be
tarther from the one surface of the tlat plate 13a.

The light sources 31, to 31, , and the coupling lenses 32,
to 32, , are also attached to the side wall 13b of the support
member 13 to be inclined with respect to the one surface of
the flat plate 13a toward a direction opposite to that of the
light sources 11, to 11, and the coupling lenses 12, to 12, ,.
With this structure, the lights irradiated from the light

5

10

15

20

25

30

35

40

45

50

55

60

65

8

sources 31, to 31,, and passed through the coupling lenses
32, to 32, , proceed 1n a direction inclined with respect to the
one surface of the flat plate 13a of the support member 13
to be closer to the one surface of the flat plate 13a.

With the above structure, the lights irradiated from the
light sources 11, to 11,, and passed through the coupling
lenses 12, to 12,,, and the lights 1rradiated from the light
sources 31, to 31,, and passed through the coupling lenses
32, to 32,, are gathered to be 1njected into the respective
reflecting surfaces of the reflecting unit 14.

The lights reflected by the reflecting surfaces of the
reflecting unit 14 are injected into the reflecting prism 16 via
the condenser lens 33. Then, similar to the first embodiment,
the lights are projected on the external screen (not shown in
the drawings) via the rod integrator 17, the relay lens 18, the
image forming panel 19, and the projector lens 20. Here, as
described above, the light sources 11, to 11,, and the light
sources 31, to 31,, are attached to be inclined with respect
to the one surface of the flat plate 13a. Therefore, there may
be a case that incident angles of the lights ijected into the
rod integrator 17 become larger after being retlected by the
reflecting surfaces of the reflecting unit 14 and passing
through the reflecting prism 16. Therefore, the condenser
lens 33 1s provided to decrease the incident angles of the
lights 1njected into the rod integrator 17. Thus, when desired
incident angles can be obtained without using the condenser
lens 33, 1t 1s not necessary to provide the condenser lens 33.

In the example shown 1n FIG. 4, the light sources 11, to
11,, and the light sources 31, to 31,, are positioned to
overlap 1 a planar view 1n two levels, and the coupling
lenses 12, to 12, , and the coupling lenses 32, to 32, , are also
positioned to overlap 1n a planar view 1n two levels. How-
ever, alternatively, an example as shown 1n FIG. 5 may be
used.

FIG. 5 15 a partial plan view showing another example of
an 1mage projection apparatus 30A of the alternative
example 2 of the first embodiment. The radiation member
15, the retlecting prism 16, the rod integrator 17, the relay
lens 18, the image forming panel 19, the projector lens 20
and the condenser lens 33 shown in FIG. 4 are not shown 1n
FIG. 5. Further, 1n FIG. 5, the light sources 11, to 11, ., the
coupling lenses 12, to 12, ,, the light sources 31, to 31,, and
the coupling lenses 32, to 32,, are shown by solid lines for
explanation.

With reference to FIG. 5, similar to the image projection
apparatus 30, the image projection apparatus 30A 1ncludes
the two light source units, the first light source unit and the
second light source unit positioned 1n two levels. However,
different from the image projection apparatus 30, in the
image projection apparatus 30A, the light sources 11, to 11,
and the light sources 31, to 31,, are alternately positioned 1n
a planar view. In other words, the light sources 11, to 11,,
and the light sources 31, to 31, , are positioned not to overlap
but at the different positions. Further, similar to the light
sources 11, to 11,, and the light sources 31, to 31,,, the
coupling lenses 12, to 12,, and the coupling lenses 32, to
32, are alternately positioned (at different positions) in a
planar view.

By alternately positioning the light sources 11, to 11, , and
the light sources 31, to 31,, 1n a planar view (at diflerent
positions), the mutual heat interference between the light
sources 11, to 11, , and the light sources 31, to 31,, can be
further reduced.

Further, the image projection apparatus 30 or the image
projection apparatus 30A respectively shown 1n FIG. 4 and
FIG. 5 may include three or more light source units provided
in three or more levels. Further, the number of sets of the
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light source and the coupling lens included in each of the
light source units may not be the same, and may be different
for each of the light source units.

As described above, according to the alternative example
2 of the first embodiment, the merits same as those of the
first embodiment can be obtained. Further, by providing the
plural light source units in the corresponding plural levels
and condensing the 1rradiated lights, a larger amount of light
can be obtained compared with the first embodiment.

Alternative Example 3 of the First Embodiment

In an alternative example 3 of the first embodiment, the
lights reflected by the reflecting surfaces of the reflecting
unit are directly introduced into the rod integrator 17. In the
alternative example 3 of the first embodiment, explanation
of the same components which are already explained 1s not
repeated.

FIG. 6 1s a schematic view showing an example of an
image projection apparatus 40 of the alternative example 3
of the first embodiment. With reference to FIG. 6, the image
projection apparatus 40 1s different from the 1mage projec-
tion apparatus 10 (see FIG. 1 and FIG. 2) in that the
reflecting prism 16 1s not included.

As shown 1n FIG. 6, the reflecting prism 16 may not be
provided and the lights reflected by the reflecting surfaces of
the reflecting unit 14 may be directly introduced nto the rod
integrator 17. Even with this structure, the merits same as
those of the first embodiment can be obtained.

Alternative Example 4 of the First Embodiment

In an alternative example 4 of the first embodiment, the
plural light source units are provided to face each other. In
the alternative example 4 of the first embodiment, explana-
tion of the same components which are already explained 1s
not repeated.

FIG. 7 1s a schematic view showing an example of an
image projection apparatus 50 of the alternative example 4
of the first embodiment. With reference to FIG. 7, the image
projection apparatus 50 includes two sets of the light sources
11, to 11,,, the coupling lenses 12, to 12,,, the support
member 13, the reflecting unit 14 and the radiation member
15 which are provided to face each other while the radiation
members 15 are positioned at outer sides. Further, in this
example, the retlecting prism 16 1s also provided to be 1n two
parts corresponding to the reflecting units 14 of the sets,
respectively. The lights retlected by the reflecting surfaces of
the retlecting unit 14 of each of the sets, are 1njected into the
respective part ol the reflecting prism 16. Then, the lights
injected into the reflecting prism 16 are further reflected by
the reflecting prism 16 so that their optical paths are changed
again to be 1njected nto the rod mtegrator 17. Then, similar
to the first embodiment, the lights are projected on the
external screen (not shown in the drawings) after passing
through the relay lens 18, the image forming panel 19 and
the projector lens 20.

Further, FIG. 8 1s a schematic view showing another
example of an image projection apparatus 50A of the
alternative example 4 of the first embodiment. With refer-
ence to FIG. 8, the image projection apparatus 50A 1is
different from the 1image projection apparatus 30 (see FIG.
7) 1n that a dichroic prism 36 1s further provided to condense
the colors of the lights. The dichroic prism 56 1s an optical
clement that condenses the lights of red (R), green (G), blue
(B) or the like injected from different directions to direct to
a single direction.
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For the examples shown 1n FIG. 7 and FIG. 8, the lights
injected into the rod integrator 17 are directed 1n substan-
tially the same direction. However, the directions of the
lights 1njected 1nto the rod integrator 17 may be shifted with
cach other i order to promote injection 1nto the rod inte-
grator 17 or equation of the lights.

According to the alternative example 4 of the first
embodiment, the merits same as those of the first embodi-
ment can be obtained. Further, the following merit can be
obtained. By providing the plural light source units to face
cach other, and condensing the irradiated lights, a larger
amount of light can be obtained compared with the first
embodiment.

Alternative Example 5 of the First Embodiment

In an alternative example 5 of the first embodiment, a
tapered rod integrator 1s used. In the alternative example 5
of the first embodiment, explanation of the same compo-
nents which are already explained 1s not repeated.

FIG. 9 1s a schematic view showing an example of an
image projection apparatus 60 of the alternative example 5
of the first embodiment. With reference to FIG. 9, the 1 Image
projection apparatus 60 1s different from the image projec-
tion apparatus 10 (see FIG. 1 and FIG. 2) 1n that the rod
integrator 17 1s substituted by a tapered rod integrator 67.
The tapered rod integrator 67 1s an example of the amount
of light equation unit.

According to the alternative example 5 of the first
embodiment, the merits same as those of the first embodi-
ment can be obtained. Further, the following merit can be
obtained. By using the tapered rod integrator, the 1njection
of the lights or the mixing of the lights can be improved.

Alternative Example 6 of the First Embodiment

In an alternative example 6 of the first embodiment, an
example where a reduction in speckle (fleck pattern) gen-
erated by the mutual interference of the wrradiated lights 1s
shown. In the alternative example 6 of the first embodiment,
explanation of the same components which are already
explained 1s not repeated.

FIG. 10 1s a schematic view showing an example of an
image projection apparatus 70 of the alternative example 6
of the first embodiment. With reference to FIG. 10, the
image projection apparatus 70 1s different from the image
projection apparatus 10 (see FIG. 1 and FIG. 2) 1n that a
diffusion panel 71 and a motor 72 are added.

The diffusion panel 71 has a circular shape, for example,
and the center portion of which 1s connected to the motor 72
to be rotated by the motor 72. The diflusion panel 71 1s
positioned such that its outer peripheral portion 1s positioned
on an optical path between the reflecting unit 14 and the
reflecting prism 16. For the diffusion panel 71, for example,
a frosted glass, an opal glass, a difiractive optlcal clement,
a hologram element of the like may be used. The diffusion
panel 71 and the motor 72 are examples of a “diflusion unit™.

Further, FIG. 11 1s a schematic view of an 1image projec-
tion apparatus 70A of the alternative example 6 of the first
embodiment. With reference to FIG. 11, the image projec-
tion apparatus 70A 1s diflerent from the 1mage projection
apparatus 70 (see FIG. 10) in that the diffusion panel 71 1s
positioned such that its outer peripheral portion 1s positioned
on an optical path between the reflecting prism and the rod
integrator 17.

According to the alternative example 6 of the first

embodiment, the merits same as those of the first embodi-
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ment can be obtained. Further, the following merit can also
be obtained. By placing the diffusion panel to be perpen-
dicular to an optical path of the irradiated lights 1n the image
projection apparatus and rotating the diffusion panel, the

irradiated lights are diffused by the diffusion panel, so that
speckling (fleck pattern) can be reduced.

Alternative Example 7 of the First Embodiment

In an alternative example 7 of the first embodiment,
another example to reduce the speckling (fleck pattern)
generated by the mutual interference of the 1rradiated lights
1s shown. In the alternative example 7 of the first embodi-
ment, explanation of the same components which are
already explained 1s not repeated.

FIG. 12 1s a schematic view showing an example of an
image projection apparatus 80 of the alternative example 7
of the first embodiment. With refterence to FIG. 12, the
image projection apparatus 80 1s different from the image
projection apparatus 10 (see FIG. 1 and FIG. 2) in that a
reflecting unit driving unit 81 1s added.

The retlecting unit driving umit 81 has a function to rotate
or oscillate the reflecting unit 14. For example, the reflecting
unit dnving unit 81 may have a function to rotate the
reflecting unit 14 with respect to an axis substantially
perpendicular to the flat plate 13a of the support member 13.
Alternatively, the reflecting unit driving unit 81 may have a
function to oscillate the reflecting unit 14 in a direction
substantially in a parallel relationship with the flat plate 13a
of the support member 13. The reflecting unit driving unit 81
may be actualized by a known component using a motor, a
gear, a cam or the like. The structure composed by the
reflecting unit 14 and the reflecting unit driving unit 81 1s an
example of the diffusion unait.

Here, it 1s not necessary to add an optical element or
component for the case when the oscillation amount of the
reflecting unit 14 by the reflecting unit driving unit 81 1s
small. However, when the oscillation amount becomes
larger (for example, displacing approximately a few mm) or
when the reflecting unit driving unit 81 1s configured to
rotate the reflecting unit 14, in order to maintain the amount
of light, a structure such as a condenser lens may be
provided on an optical path between the reflecting unit 14
and the reflecting prism 16 or the like may be adopted. When
the amount of light 1s suflicient, by synchronizing the
movement of the reflecting unit 14 and the illumination of
the light sources 11, to 11,,, 1t 1s not necessary to add an
optical element or component.

According to the alternative example 7 of the first
embodiment, the same merits as those of the first embodi-
ment can be obtained. Further, the following merit can be
obtained. By rotating or oscillating the reflecting unit, the
irradiated lights are diffused at the reflecting unit so that
speckling (tfleck pattern) can be reduced. Further, 1t 1s not
necessary to provide a component for preventing speckling
such as a diffusion panel or the like.

Second Embodiment

In a second embodiment, an example where plural light
sources are provided while having their optical axes directed
to the thickness direction of the support member 1s
explained. In the second embodiment, explanation of the
same components which are already explained 1s not
repeated.

FIG. 13 1s a perspective view showing an example of an
image projection apparatus 90 of the second embodiment.
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FIG. 14 1s a cross-sectional perspective view showing an
example of the image projection apparatus 90 of the second
embodiment. FIG. 15 1s a cross-sectional view showing an
example of the image projection apparatus 90 of the second
embodiment. FIG. 16 1s a partial plan view showing an
example of the image projection apparatus 90 of the second
embodiment where a radiation member 96 and an axial-flow
tan 97 are not shown. FIG. 17 1s a partial plan view showing
an example of the image projection apparatus 90 of the
second embodiment where the axial-flow fan 97 1s not
shown. FIG. 14 1s a cross-sectional view taken along a line
along a longitudinal direction of one of the fins 96c of the
radiation member 96.

With reference to FI1G. 13 to FIG. 17, the image projection
apparatus 90 includes plural light sources 11, to 11, _, plural
coupling lenses 12, to 12, (only a part of which 1s shown),
a support member 93, reflecting mirrors 94, a retlecting
mirror 95, a radiation member 96, an axial-flow fan 97, the
rod mtegrator 17, the relay lens 18, the image forming panel
19 and the projector lens 20.

As the optical components at the downstream of the rod
integrator 17 are the same as those of the first embodiment,
those are not shown 1n FIG. 13 to FIG. 17. The structure
composed by the plural light sources 11, to 11, the plural
coupling lenses 12, to 12,, and the reflecting unit 93c 1s an
example of the light source apparatus.

The light source 11, to 11, are, for example, lasers such
as semiconductor lasers or the like, respectively. In this
embodiment, the colors of the 1rradiated lights from the light
sources 11, to 11,, may be the same or may be different. The
coupling lenses 12, to 12, are convex lenses made of glass
or plastics, for example, Heremalter, a set of the light
sources 11, to 11, and the coupling lenses 12, to 12,, are
referred to as a “first light source unit” as well.

The support member 93 1s provided with a flat plate 93a,
plural through holes 93b, a reflecting umt 93c and an
inclined portion 93d. The flat plate 93a has a substantially
circular shape in a planar view, for example. The support
member 93 may be made of, for example, a metal such as
aluminum, magnesium or the like, a mold resin or the like.
The through holes 93b penetrating the flat plate 93a 1 the
thickness direction are provided at the peripheral portion of
the flat plate 93a at substantially even intervals along a
circumierence of the flat plate 93a.

Each pair of the light source and the coupling lens among
the light sources 11, to 11,, and the coupling lenses 12, to
12, 1s mserted 1n each of the through holes 93b. The pair of
the light source and the coupling lens 1s inserted and fixed
in the corresponding through hole 93b such that an optical
axis (irradiating direction) of the light 1rradiated from the
light source becomes substantially parallel 1n relationship
with the thickness direction of the support member 93 (a
center axis 93x of the circle formed by the plural through
holes 93b). The distance between the adjacent light sources
among the light sources 11, to 11,, may be arbitrary deter-
mined by selecting the size of the support member 93, and
may be about 10 to 15 mm, for example.

The reflecting mirrors 94 are respectively provided at one
end side of the through holes 93b (at a side from which the
lights are 1rradiated). It means that a reflecting mirror 94 1s
provided for each of the light sources. The reflecting mirrors
94 are supported at the inclined portion 93d formed at the
peripheral portion of one surface of the support member 93
by adhesive, a flat spring or the like, for example. An angle
of each of the reflecting mirrors 94 with respect to a light
axis of the corresponding light source 11, to 11,, may be
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45°, for example. The retlecting mirror 94 1s made of glass,
and an aluminum layer may be deposited for the reflecting
surface, for example.

The reflecting unit 93c 1s provided at the one surface
(lower surface in FIG. 135) of the flat plate 93a at a substan-
t1al center portion. The reflecting unit 93¢ 1s formed to have
a cone or pyramid shape provided with plural reflecting
surfaces corresponding to the number of the light sources. In
other words, each of the reflecting surfaces of the retlecting
unit 93¢ 1s provided at a position where the irradiated light
from the corresponding light source 11, to 11,, via the
corresponding coupling lens 12, to 12, and the reflecting
mirror 94 1s injected. An angle of each of the reflecting
surfaces of the retlecting unit 93¢ with respect to an optical
axis ol the corresponding light source 11, to 11,, may be
30°, for example.

The reflecting unit 93¢ may be made of the same material
as that of the reflecting mirrors 94. The retlecting unit 93c 1s
supported at an inclined surface provided at the substantial
center portion of the one surface of the flat plate 93a by
adhesive, a flat spring or the like, for example. Alternatively,
when the support member 93 i1s made of a metal, the
reflecting unit 93¢ may be composed by forming the inclined
surface provided at the substantial center portion of the one
surface of the flat plate 93a to be a mirror fimshed surface.

The lights irradiated from the light sources 11, to 11,
pass through the respective coupling lenses 12, to 12, and
become beams substantially parallel 1n relationship with
cach other 1n a bit of a condensed state. The lights passed
through the coupling lenses 12, to 12, are reflected by the
respective retlecting mirrors 94 so that their optical paths are
changed substantially 90° to be directed to the center (to-
ward the center axis 93x) of the circle and mjected into the
respective reflecting surfaces of the reflecting unit 93c.

Then, the lights 1njected 1nto the reflecting surfaces of the
reflecting unit 93¢ are retlected to be a bit inclined with
respect to the center axis 93x and 1njected into the retlecting,
mirror 95. Here, a reflecting prism may be used instead of
the retlecting mirror 95. The reflecting mirror 95 may be
made of the same material as that of the reflecting mirrors
94. Each of the reflecting surfaces of the reflecting unit 93¢
are provided to be inclined such that the lights reflected by
the reflecting mirror 95 are gathered at a spot of an nput
portion of the rod integrator 17.

The reflecting mirror 95 1introduces all of the lights
respectively reflected by the reflecting surfaces of the
reflecting unit 93¢ 1n a horizontal direction so that the image
projection apparatus 90 can be formed thinner. However,
when 1t 1s not necessary for the 1image projection apparatus
to be formed thinner, similar to the alternative example 3 of
the first embodiment, the reflecting mirror 95 may be not
provided. As the optical components at the downstream of
the rod integrator 17 are the same as those of the first
embodiment, explanations are not repeated.

The radiation member 96 1s provided at the other surface
of the flat plate 93a of the support member 93 (the surface
where the reflecting unit 93¢ 1s not formed). Further, the
axial-flow fan 97 1s provided on the radiation member 96.
The radiation member 96 and the axial-flow fan 97 may be
provided in accordance with necessity. In the drawings,
blade portions of the axial-flow fan 97 which rotate are not
shown.

The radiation member 96 1s provided with a flat surface
96a, a guide surface 96b and plural fins 96c¢. The radiation
member 96 has a substantially circular shape 1n a planar
view. The radiation member 96 1s made of, for example, a
material having good heat conductivity such as copper,
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aluminum or the like. In this example, as the center of the
axial-flow fan 97 1s not opened, the radiation member 96 has
the corresponding structure. In this embodiment, the flat
surface 96a 1s provided at the center of the radiation member
96, and the center portion of the axial-tlow fan 97 1s attached
to the flat surface 96a.

The periphery of the flat surface 96a 1s concaved down-
ward which becomes deeper the closer to the outer periphery
of the radiation member 96 to form the guide surface 96b.
The guide surface 96b (or concave portion) has a function to
introduce air from the axial-tflow fan 97 toward the outer
periphery of the radiation member 96. In this embodiment,
the guide surface 96b has a curved shape 1n a cross-sectional
view. Alternatively, the guide surface 96b may have a linear
shape 1n a cross-sectional view. Even 1n such a case, the
same merit can be obtained. In other words, the guide
surface 96b may have a circular conic surface.

The plural fins 96c are radially provided to stand at the
outer part of the guide surface 96b at substantially even
intervals. There area first kind of fin 96c 1n which the light
source 1s fixed, and a second kind of fin 96¢ 1n which the
light source 1s not fixed, which are alternately provided 1n a
circular direction. In other words, the first kind of fin 96c¢ 1s
provided on a line extending on the corresponding light
source 1n a planar view and the second kind of fin 96c¢ 1s
provided on a line extending between the corresponding
light sources. The first kind of fin 96c 1s provided with an
opening portion to accept the corresponding light source.
Here, one surface of the radiation member 96 (the lower
surface 1n FI1G. 14) contacts the support member 93. At the
other surface of the radiation member 96, the fins 96c are
provided such that the ends of the fins 96c are positioned at
substantially the same plane as the flat surface 96a.

As shown 1n FIG. 17, 1n this example, the fins 96¢ are
provided in radial, however, the design of the fins 96¢ are not
limited so. For example, the fins 96¢ may be inclined with
respect to the radius of the circle defined by the outer
periphery of the radiation member to be 1n a planner view
shown 1n FIG. 17. Further, each of the fins 96c¢ 1s formed to
have a straight line shape in a planner view 1n this example.
Alternatively, each of the fins 96¢ may be formed to have a
curved line shape 1n a planner view. It means that the fins
96c are designed arbitrary to be optimized in accordance
with air flow from the axial-tlow fan 97.

According to the image projection apparatus 90 of the
second embodiment, plural sets of the laser and the coupling
lens corresponding to the laser are circumierentially pro-
vided such that the optical axes of the lights irradiated from
the light sources are directed 1n the width direction of the
support member. Here, the light sources are provided at the
peripheral portion of the support member and the width
direction of the support member 1s 1n a parallel relationship
with the center axis of the support member. Thus, according
to the 1mage projection apparatus of the second embodi-
ment, the following merits can also be obtained in addition
to the merits obtained in the first embodiment.

For the second embodiment, the support member may be
casily formed by molding using a die or a mold as the
drawing direction 1s the same. Therefore, the cost can be
reduced for manufacturing the support member.

Further, by providing the radiation member provided with
the guide surface and fins having a shape easily passing air
on the support member, eflicient cooling can be performed.

Here, the width direction of the support member means
not only the direction which 1s strictly perpendicular to the
surface which 1s 1 contact with the radiation member. The
width direction of the support member includes a direction
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which 1s a bit inclined with respect to the direction which 1s
completely perpendicular to the surface as long as the same
merits of the embodiment can be obtained.

Alternative Example 1 of the Second Embodiment

In an alternative example 1 of the second embodiment, the
plural light source umits are provided as concentric circles.
In the alternative example 1 of the second embodiment,
explanation of the same components which are already
explained 1s not repeated.

FIG. 18 1s a cross-sectional view showing an image
projection apparatus 100 of the alternative example 1 of the
second embodiment. FIG. 19 1s a partial plan view showing
an example of the image projection apparatus 100 of the
alternative example 1 of the second embodiment where a
radiation member 106 and an axial-flow fan 107 are not
shown.

With reference to FIG. 18 and FIG. 19, the image pro-
jection apparatus 100 includes plural light sources 11, to
11, ,, plural coupling lenses 12, to 12, (only a part of which
are shown), a support member 103, retlecting mirrors 104,
the reflecting mirror 95, the radiation member 106, the
axial-tlow fan 107, the rod tegrator 17, the relay lens 18,
the 1mage forming panel 19 and the projector lens 20.

As the optical components at the downstream of the rod
integrator 17 are the same as those of the first embodiment,
those are not shown 1n FIG. 18 and FIG. 19. The structure
composed by the plural light sources 11, to 11,., the plural
coupling lenses 12, to 12, and the reflecting unit 103c 1s an
example of the light source apparatus.

In the alternative example 1 of the second embodiment, a
first light source unit including the light sources 11, to 11,
and the coupling lenses 12, to 12, and a second light source
unit including the light sources 11, , to 11, , and the coupling
lenses 12, to 12, are provided at the support member 103
as concentric circles 1n a planar view. The light sources 11,
to 11, and the coupling lenses 12, to 12, form an outer
annulus (outer circle) having a center axis 103x as the center
of the outer circle, and the light sources 11, to 11,, and the
coupling lenses 12,, to 12,, form an inner annulus (1nner
circle) having the center axis 103x as the center of the inner
circle.

Similar to the support member 93, the support member
103 15 provided with a flat plate 103a, plural through holes
103b, a reflecting unit 103¢ and an 1nclined portion 103d.
The flat plate 103a has a substantially circular shape 1n a
planar view, for example. For the flat plate 103a, explana-
tions of the through holes 103b, the reflecting unit 103¢ and
the inclined portion 103d, that function the same as the flat
plate 93a, the through holes 93b, the reflecting unit 93¢ and
the inclined portion 93d are not repeated, and only the
different part 1s explained in the following.

The through holes 103b, the reflecting surfaces of the
reflecting unmit 103c, and the reflecting mirrors 104 are
provided as concentric double circles respectively corre-
sponding to the light sources which are positioned to be the
concentric double circles 1n a planar view. In the 1mage
projection apparatus 100, the light sources of the same
number as those of the 1mage projection apparatus 90 may
be provided as the concentric double circles 1n a planar view.
Theretore, the size of the support member 103 may be made
smaller than that of the support member 93 in a planar view.

The radiation member 106 1s provided at the other surface
of the flat plate 103a of the support member 103 (the surface
where the reflecting unit 103a 1s not formed). Further, the
axial-tlow fan 107 1s provided on the radiation member 106.
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However, the radiation member 106 and the axial-flow fan
107 may be provided in accordance with necessity. In the
drawings, blade portions of the axial-flow fan 107 which
rotate are not shown.

Similar to the radiation member 96, the radiation member
106 1s provided with a flat surface 106a, a guide surface
106b and plural fins 106¢. The radiation member 106 has a
substantially circular shape 1n a planar view. The radiation
member 106 1s similarly formed as the radiation member 96
except that the radius of which 1s smaller than that of the
radiation member 96 1n a planar view corresponding to the
support member 103. Similarly, the axial-flow fan 107 1s
formed similarly as the axial-flow fan 97 except that the
radius of which 1s smaller than that of the axial-flow fan 97
in a planar view corresponding to the support member 103.

Here, by setting the number of the light sources of the
iner circle and the light sources of the outer circle to be the
same, each of the reflecting mirrors 103c¢ can be commonly
provided for each set of the light sources of the nner circle
and the outer circle. Further, by alternately positioning the
light sources of the 1mner circle and the light sources of the
outer circle 1 a zigzag manner, the difference in radius of the
inner circle and the outer circle can be made smaller. In other
words, the distance between the inner circle and the outer
circle can be made shorter so that the size of the radiation
member 106 can be further made smaller. Further for the
case shown 1n FIG. 18, the light sources of the inner circle
and the light sources of the outer circle are provided at the
same height. However, the light sources of the mnner circle
and the light sources of the outer circle may be positioned at
the different heights to have the length of the optical paths
constant.

According to the 1mage projection apparatus of the alter-
native example 1 of the second embodiment, the plural light
source units are provided as concentric circles. Therefore,
according to the example, the following merits can be also
obtained in addition to the merits obtained in the second
embodiment.

The size of the support member can be made smaller
compared with that of the second embodiment, for example,
by setting the number of the light sources in the mnner and
outer circles the same. Therefore, the size of the light source

apparatus and the image projection apparatus can be made
smaller.

Alternative Example 2 of the Second Embodiment

In an alternative example 2 of the second embodiment, a
radiation member and a fan different from those of the
second embodiment are used. In the alternative example 2 of
the second embodiment, explanation of the same compo-
nents which are already explained 1s not repeated.

FIG. 20 1s a partial plan view showing an example of an
image projection apparatus 110 of an alternative example 2
of the second embodiment. In FIG. 20, a radiation member
116 and a sirocco fan 117 are not shown. FIG. 21 1s a plan
view showing an example of the 1image projection apparatus
110 of the alternative example 2 of the second embodiment.

With reference to FIG. 20 and FIG. 21, in the image
projection apparatus 110, the support member 113 1s pro-
vided with a notch portion obtained by removing a part,
having a fan shape, of the support member 93, shown 1 FIG.
16 or the like. The light sources, the coupling lenses and the
like are only circumierentially formed at the rest part (a part
of circle) of the support member 113. In other words, the
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light sources 11, to 11,, and the corresponding coupling
lenses and the reflecting mirrors shown 1n FIG. 16 are not
provided in this example.

The radiation member 116 1s placed on the support
member 113. In this example, the radiation member 116 1s
also provided with a notch portion same as that of the
support member 113. Further, the radiation member 116 1s
provided with channels 116b, 116c¢, 116d, and 116¢ of
concentric circles at the rest part of the circular plate 116a.
The number of channels, the width of each of the channels
and the like are arbitrary determined. Although not shown 1n
the drawings, a cover having the same shape as the circular

plate 116a, for example, 1s provided on the circular plate
116a to form the channels 116b, 116c, 116d, and 116e into

tunnels.

The sirocco fan 117 1s provided at one end side of the
tunnel channels 116b, 116c¢, 116d, and 116e. Air introduced

from the sirocco fan 117 passes through the channels 116b,
116c¢, 116d, and 116¢ while absorbing heat generated by the
light sources to be output at the other end side of the tunnel
channels 116b, 116c, 116d, 116e.

The radiation member 116 shown i FIG. 21 may be
substituted by a radiation member 126 shown 1n FI1G. 22. In
the radiation member 126, channels 126b, 126¢, and 126d
are partially provided as substantially concentric circles
which are connected by channels 126¢ provided to extend in
a radius direction of the circular plate 126a. In order to
eiliciently pass air through from the sirocco fan 117, the
channels 126b and 126c may be shifted a bit from the
concentric circles. The number of channels, the width of the
channels, and the like may be arbitrary determined.

Further, although not shown in the drawings, the cover
having the same shape as the circular plate 116a, for
example, 1s provided on the circular plate 116a to form the
channels 116b, 116¢c, 116d, and 116¢e into tunnels.

The shape or the kind of the radiation member and the fan
placed on the support member may be arbitrary determined.
Further, the shape of the support member may be changed 1n
accordance with the shape of the radiation member.

The present invention 1s not limited to the specifically
disclosed embodiments, and variations and modifications
may be made without departing from the scope of the
present invention.

For example, in the embodiments and their alternative
examples, the optical system including the transmission
panel 1s shown at the downstream of the rod integrator,
however, the optical system 1s not limited to the optical
system 1ncluding the transmission panel, and any other
various optical systems suitable for a projector may be used.

Further, 1n the embodiments and their alternative
examples, the number of light sources, amount of paralleling
the lights by the coupling lens, amount of directing the lights
by the reflecting unit, the distance between the optical
clements, the size or the angle of the rod integrator, or the
like may be arbitrary determined.

Further, for the second embodiment and its alternative
examples 1 and 2, the same alternation as that of the
alternative examples of the first embodiment can be applied.

Although 1n the above embodiment, it 1s described that the
rod integrator 17 or the tapered rod integrator 67 are an
example of the amount of light equation unit, 1n other words,
the amount of light equation unit may also referred to as a
beam combining unit that combines the light beams reflected
by the reflecting surfaces of the light source apparatus.

According to the embodiments, a light source apparatus,
and an 1mage projection apparatus including the light source
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apparatus for projecting an enlarged image light source
capable of using plural lasers while improving the heat
radiation can be provided.

The present application 1s based on Japanese Priority
Application No. 2011-136605 filed on Jun. 20, 2011 and on
Japanese Priority Application No. 2011-289717 filed on
Dec. 28, 2011, the entire contents of which are hereby
incorporated herein by reference.

What 1s claimed 1s:

[1. A light source apparatus comprising:

a light source unit that includes plural sets of a laser and
a coupling lens corresponding to the laser, which are
circumierentially provided to form a circle;

a reflecting unit placed within the circle and provided with
plural reflecting surfaces corresponding to the lasers of
the plural sets of the light source unit to be formed 1n
a cone shape, the light irradiated from each of the lasers
being injected 1nto the corresponding reflecting surface
via the corresponding coupling lens;

a support member on which the lasers and the coupling
lenses of the plural sets are fixed; and

a radiation member provided at a surface of the support
member opposite to the side where the light paths of the
lights 1rradiated from the lasers of the sets are formed,
and 1ncluding a flat surface formed at a center portion,
a sloped guide surface which 1s provided at the outer
side of the flat surface to be concaved downward such
as to become deeper the closer the sloped guide surface
becomes to an outer periphery of the radiation member
from the flat surface, and plural fins provided to rest on
the concaved sloped guide surface.}

[2. The light source apparatus according to claim 1,

further comprising:

a plurality of the light source units,

wherein the plurality of light source units and the reflect-
ing unit are fixed on the support member such that the
lights irradiated from the lasers of the plurality of light
source units are 1njected into the respective reflecting
surfaces of the reflecting unit.}

[3. The light source apparatus according to claim 2,

wherein the sets of the laser and the coupling lens of one
of the light source units and the sets of the laser and the
coupling lens of another of the light source units are
alternately positioned in a planar view.]

[4. The light source apparatus according to claim 2,

wherein the plurality of light source units are positioned
on different levels, and

wherein the sets of the laser and the coupling lens of the
plurality of light source units are arranged around the
circumference of the same circle in a planar view.}

[5. The light source apparatus according to claim 1,

wherein the lasers and the coupling lenses of the plural
sets are positioned such that optical axes of the 1rradi-
ated lights from the lasers are directed in a thickness
direction of the support member.]

[6. The light source apparatus according to claim 5,

further comprising:

plural reflecting mirrors provided to change the optical
paths of the lights irradiated from the respective lasers
and passed through the coupling lenses toward the
respective reflecting surfaces of the reflecting unit.]

[7. An image projection apparatus, comprising:

the light source apparatus according to claim 1;

an amount of light equation unit that equates the amount
of the lights reflected by the reflecting surfaces of the
reflecting unit of the light source apparatus;
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a light transmission optical system that transmits the
lights output from the amount of light equation unit to
an 1mage forming panel which forms an 1mage; and

a projection optical system that projects an enlarged
image of the image formed on the image forming
panel.]

[8. The image projection apparatus according to claim 7,

turther comprising;:

a plurality of the light source apparatuses,

wherein the lights irradiated from the light source units
and retlected by the respective retlecting surfaces of the
reflecting units of the light source apparatuses are
injected into the amount of light equation unit.]

[9. The image projection apparatus according to claim 7,

turther comprising:

a diffusion unit that diffuses the lights.]

10. A light source apparatus comprising.

a light source unit that includes plural sets of a laser and
a coupling lens corresponding to the laser, which are
circumferentially provided to form a circle;

a reflecting unit placed within the cirvcle and provided with
plural veflecting surfaces corresponding to the lasers of
the plural sets of the light source unit, the light irra-
diated from each of the lasers being injected into the
corresponding reflecting surface via the corresponding
coupling lens;

a support member on which the lasers and the coupling
lenses of the plural sets ave fixed, the lasers and the
coupling lenses of the plural sets being positioned such
that optical axes of the irradiated lights from the lasers
are divected in a thickness direction of the support
member;

a reflecting mirvor provided to change the optical paths of
the lights irvadiated from the lasers and passed through
the coupling lenses toward the respective reflecting
surfaces of the reflecting unit; and

a radiation member provided at a surface of the support
member opposite to the side wheve the light paths of the
lights irradiated from the lasers of the sets arve formed.

11. The light source apparatus accovding to claim 10,

further comprising.

a plurality of light source units,

wherein the light source units and the rveflecting unit are
fixed on the support member such that the lights
irradiated from the lasers of the light source units are
injected into the rvespective reflecting surfaces of the
reflecting unit.

12. The light source apparatus according to claim 11,

whevrein the sets of the laser and the coupling lens of one
of the light source units and the sets of the laser and the
coupling lens of another of the light source units are
alternately positioned in a planar view.
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13. The light source apparatus according to claim 10,
wherein the radiation member includes a flat surface formed
at a center portion, a guide surface which is provided at the
outer side of the flat surface to be concaved from the flat
surface, and plural fins provided to be stand at the guide
surface.

14. A light source apparatus comprising:

a light source unit that includes plural sets of a laser and
a coupling lens corresponding to the laser, which are
circumferentially provided to form a circle;

a rveflecting unit placed within the circle and provided with
plural veflecting surfaces corresponding to the lasers of
the plural sets of the light source unit, the light irra-
diated from each of the lasers being injected into the
corresponding rveflecting surface via the corresponding
coupling lens;

a support member on which the lasers and the coupling
lenses of the plural sets are fixed, the lasers and the
coupling lenses of the plural sets being positioned such
that optical axes of the irradiated lights from the lasers
are divected in a thickness direction of the support
member;

a reflecting mirrvor provided to change the optical paths of
the lights ivradiated from the lasers and passed through
the coupling lenses toward the respective reflecting
surfaces of the reflecting unit; and

a radiation member provided at a surface of the support
member opposite to the side wheve the light paths of the
lights irradiated from the lasers of the sets are formed,
and provided with a channel.

15. An image projection apparatus, COmprising.

the light source apparatus accorvding to claim 10;

an amount of light equation unit that equates the amount
of the lights veflected by the reflecting surfaces of the
reflecting unit of the light source apparatus;

a light transmission optical system that transmits the
lights output from the amount of light equation unit to
an image forming panel which forms an image; and

a projection optical system that projects an enlavged
image of the image formed on the image forming panel.

16. The image projection apparatus according to claim

15, further comprising:

a plurality of light source apparatuses,

wherein the lights irradiated from the light source units
and reflected by the respective reflecting surfaces of the
reflecting units of the light source apparatuses are
injected into the amount of light equation unit.

17. The image projection apparatus according to claim

15, further comprising.
a diffusion unit that diffuses the lights.
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