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(57) ABSTRACT

A light source device includes a first light source that emits
light of a first polarization, and a second light source that
emits light of a second polarization whose polarization direc-
tion is different from the light of the first polarization by 90
degrees. A combined wavelength band of the light of the first
polarization and the light of the second polarization is a first
wavelength band. A third light source emits light of a third
polarization and of a wavelength band which is different from
the first wavelength band, and a fourth light source emits light
of a fourth polarization whose polarization direction is dif-
ferent from the light of the third polarization by 90 degrees. A
combined wavelength band of the light of the third polariza-
tion and the light of the fourth polarization is a second wave-
length band which is different from the first wavelength band.
A reflecting element reflects the light of the first polarization.
A first selective transmission element transmits the light of
the first polarization and reflects the light of the second polar-
ization based on the polarization direction of the light. A
second selective transmission element transmits combined
light of the light of the first polarization and the light of the
second polarization, and reflects the light of the third polar-
ization based on the wavelength band of the light. A third
selective transmission element transmits the combined light
of'the light of the first polarization and the light of the second
polarization based on the polarization of the wavelength
band, transmits the light of the third polarization and reflects
the light of the fourth polarization based on the polarization
direction of the light. The light of the first polarization, the
light of the second polarization and the light of the third
polarization passing through the third selective transmission
element, and the light of the fourth polarization reflected by

F21K 99/00 (2006.01) the third selective transmission element proceed in the same
GO03B 2120 (2006.01) direction.
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FIG. 4 (A) FIG. 4 (B)
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FIG. 5
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FIG. 11 (A)
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FIG. 14
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FIG. 16
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FIG. 18
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FIG. 20
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FIG. 22
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FIG. 24
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FIG. 30
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LIGHT SOURCE DEVICE AND
PROJECTION-TYPE DISPLLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a light source device
including a plurality of light sources, and a projection-type
display apparatus including the light source device.

BACKGROUND ART

[0002] Inaprojection-typedisplay apparatus, alight source
device illuminates a light valve. An image signal is generated
by the light valve, and is projected on a screen in an enlarged
scale by a projection optical system. The projection-type
display apparatus includes a light source (i.e., a light source
device) that emits light, an illumination optical system that
guides the light to the light valve, and the projection optical
system that projects the image signal of the light valve on the
screen in an enlarged scale. As the light source of the projec-
tion-type display apparatus, a high-pressure mercury lamp
and a xenon lamp were mainly used. However, in recent
years, projection-type display apparatuses using light sources
such as LED (Light Emitting Diode) or LD (Laser Diode)
have been developed.

[0003] The light sources such as the LED and the LD are
dark in brightness as compared with a lamp, and therefore it
is necessary to use a plurality of light sources in order to
enhance to obtain a high brightness. However, when a plural-
ity of light sources are arranged at constant intervals, a gap is
formed between light fluxes emitted by respective light
sources, and there is a problem that a light use efficiency
decreases. That is, the gap between the light sources that
occurs when arranging the respective light sources serves as a
non-light emission region. The non-light emission region
causes decrease in the light use efficiency. The “non-light
emission region” is a region where no light flux exists.

[0004] Therefore, in a light source device disclosed by
Patent Document 1, a plurality of light sources arranged in
rows and columns, a plurality of reflecting mirrors (i.e., a first
reflecting mirror group) corresponding to the light sources of
respective rows, and a plurality of reflecting mirrors (i.e., a
second reflecting mirror group) corresponding to the light
sources of respective columns. That is, in Patent Document 1,
a plurality of light sources are arranged in rows and columns
in a plane, and the mirrors are arranged in a stepwise manner.
In a proposed configuration, intervals between light fluxes in
a row direction or in a column direction is eliminated, and a
light flux reduced in the row direction or a light flux reduced
in the column direction is emitted. Furthermore, in Patent
Document 2, a configuration of a projection-type display
apparatus in which stepwise reflecting mirrors arranged in a
plurality of rows is proposed.

PRIOR ART DOCUMENT

Patent Document

[0005] Patent Document 1: Japanese Laid-Open Patent
Publication No. 2011-13317 (paragraph 0024-0026, FIG.

D
[0006] Patent Document 2: Japanese Laid-Open Patent
Publication No. 2011-95388 (FIG. 3)
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SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0007] However, the conventional light source device
includes a large number of reflecting mirrors which are
arranged corresponding to respective rows and respective
columns of the light sources. For this reason, there is a prob-
lem that the configuration of the light source device becomes
complicated.

[0008] The present invention is intended to solve the above
problems, and an object of the present invention is to provide
the light source device capable of synthesizing light emitted
by a plurality of light sources by suppressing occurrence of a

gap.
Means of Solving the Problem

[0009] In order to solve the above-described problem, a
light source device according to the present invention
includes a first light source that emits light of a first polariza-
tion, and a second light source that emits light of a second
polarization whose polarization direction is different from the
light of the first polarization by 90 degrees. A combined
wavelength band of the light of the first polarization and the
light of the second polarization is a first wavelength band. The
light source device further includes a third light source that
emits light of a third polarization and of a wavelength band
which is different from the first wavelength band, and a fourth
light source that emits light of a fourth polarization whose
polarization direction is different from the light of the third
polarization by 90 degrees. A combined wavelength band of
the light of the third polarization and the light of the fourth
polarization is a second wavelength band which is different
from the first wavelength band. A reflecting element reflects
the light of the first polarization. A first selective transmission
element transmits the light of the first polarization and reflects
the light of the second polarization based on the polarization
direction of the light. A second selective transmission ele-
ment transmits combined light of the light of the first polar-
ization and the light of the second polarization, and reflects
the light of the third polarization based on the wavelength
band of the light. A third selective transmission element trans-
mits the combined light of the light of the first polarization
and the light of the second polarization based on the polar-
ization of the wavelength band, transmits the light of the third
polarization and reflects the light of the fourth polarization
based on the polarization direction of the light. The light of
the first polarization, the light of the second polarization and
the light of the third polarization passing through the third
selective transmission element, and the light of the fourth
polarization reflected by the third selective transmission ele-
ment proceed in the same direction.

[0010] Alight source device according to the present inven-
tion includes a plurality of light source modules. Each light
source modules includes a first light source that emits light of
a first polarization, a second light source that emits light of a
second polarization whose polarization direction is different
from the light of the first polarization by 90 degrees, a reflect-
ing element of a plate shape that reflects the light of the first
polarization, and a selective transmission element of a plate
shape that transmits the light of the first polarization and
reflects the light of the second polarization based on the
polarization direction of the light. In the light source module,
an end portion of the reflecting element and an end portion of
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the selective transmission element are connected so that a
surface of the reflecting element and a surface of the selective
transmission element have an angle other than 180 degrees or
0 degree. The light of the first polarization is reflected by the
surface of the reflecting element on a side whose angle is
smaller than 180 degrees, is incident on the surface of the
selective transmission element on a side whose angle is
smaller than 180 degrees, and passes through the selective
transmission element. The light of the second polarization is
reflected by the surface of the selective transmission element
on a side whose angle is larger than 180 degrees. The light of
the first polarization passing through the selective transmis-
sion element and the light of the second polarization reflected
by the surface of the selective transmission element are emit-
ted as a light flux proceeding in the same direction. A plurality
of light source modules are arranged so that the first light
sources are disposed in the same direction with respect to the
reflecting elements of the respective light source modules,
and so that the second light sources are disposed in the same
direction with respect to the selective transmission elements
of'the respective light source modules. The reflecting element
and the selective transmission element of one of the plurality
of light source modules are disposed at a shifted position with
respect to the other of the plurality of light source modules
toward a side where the first light source and the second light
source of the one of the plurality of light source modules are
disposed.

Effect of the Invention

[0011] According to the present invention, use efficiency of
light emitted by a plurality of light sources can be enhanced
with a simple configuration.

BRIEF DESCRIPTION OF DRAWINGS

[0012] FIG. 1 is a view schematically showing a configu-
ration of a projection-type display apparatus including a light
source device according to Embodiment 1 of the present
invention.

[0013] FIG. 2 is a view showing a transmitting-reflecting
element according to Embodiment 1 of the present invention
as seen from a condenser lens side.

[0014] FIG.3isaschematic view forillustrating a spherical
aberration.
[0015] FIG. 4(A) is a view showing a first light source

group, FIG. 4(B) is a view showing a second light source
group, and FIG. 4(C) is a view showing a state where these
light source groups are combined according to Embodiment 1
of the present invention.

[0016] FIG. 5 is a view showing a transmitting-reflecting
element according to Embodiment 2 of the present invention
as seen from a condenser lens side.

[0017] FIG. 6 is a schematic view showing a section of a
light flux emitted by a light source device according to
Embodiment 2 of the present invention.

[0018] FIG. 7 is a view showing a configuration of a pro-
jection-type display apparatus including a light source device
according to Embodiment 3 of the present invention.

[0019] FIG. 8 is a view showing a configuration of a pro-
jection-type display apparatus including a light source device
according to Embodiment 4 of the present invention.
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[0020] FIG. 9 is a view showing transmission characteris-
tics of a color separation filter of a light source device with
respect to a wavelength according to Embodiment 5 of the
present invention.

[0021] FIG. 10 is a view showing a configuration of a
projection-type display apparatus including a light source
device according to Embodiment 6 of the present invention.
[0022] FIG. 11 is a view showing a positional relationship
of light sources, reflecting elements and transmitting-reflect-
ing elements of the light source device according to Embodi-
ment 6 of the present invention.

[0023] FIG. 12 is adiagram showing a distribution ofa light
flux incident on a condenser lens 4 of the light source device
according to Embodiment 6 of the present invention.

[0024] FIG. 13 is a view schematically showing a configu-
ration of a projection-type display apparatus including a light
source device according to Embodiment 7 of the present
invention.

[0025] FIG. 14 is a view showing transmission character-
istics of a color separation filter 3175 of the light source
device according of Embodiment 7 of the present invention.
[0026] FIG. 15 is a view showing transmission character-
istics of a color separation filter 317g of the light source
device according to Embodiment 7 of the present invention.
[0027] FIG. 16 is a view showing transmission character-
istics of a color separation filter 3177 of the light source
device according to Embodiment 7 of the present invention.
[0028] FIG. 17 is a view schematically showing another
configuration example of the projection-type display appara-
tus including the light source device according to Embodi-
ment 7 of the present invention.

[0029] FIG. 18 is a view showing transmission character-
istics of a color separation filter 317g2 of the light source
device according to Embodiment 7 of the present invention.
[0030] FIG. 19 is a view schematically showing a configu-
ration of a projection-type display apparatus including a light
source device according to Embodiment 8 of the present
invention.

[0031] FIG. 20 is a view showing transmission character-
istics of a color separation filter 4177 of the light source
device according to Embodiment 8 of the present invention.
[0032] FIG. 21 is a view showing transmission character-
istics of a color separation filter 417g of the light source
device according to Embodiment 8 of the present invention.
[0033] FIG. 22 is a view showing transmission character-
istics of a color separation filter 4175 of the light source
device according to Embodiment 8 of the present invention.
[0034] FIG. 23 is a view schematically showing another
configuration example of the projection-type display appara-
tus including the light source device according to Embodi-
ment 8 of the present invention.

[0035] FIG. 24 is a view showing transmission character-
istics of a color separation filter 417g2 of the light source
device according to Embodiment 8 of the present invention.
[0036] FIG. 25 is a view showing a configuration of a
projection-type display apparatus including a light source
device according to Embodiment 9 of the present invention.
[0037] FIG. 26(A)is a schematic view showing a positional
relationship of light sources and color separation filters
according to Embodiment 9 ofthe present invention, and FIG.
26(B) is a schematic view showing an incidence position of a
light flux on a condenser lens.
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[0038] FIG. 27 is a view showing transmission character-
istics of a color separation filter of the light source device
according to Embodiment 9 of the present invention.

[0039] FIG. 28 is a view showing a configuration of a
projection-type display apparatus including a light source
device according to Embodiment 10 of the present invention.
[0040] FIG. 29 is a schematic view showing a positional
relationship of light sources and color separation filters
according to Embodiment 10 of the present invention.
[0041] FIG. 30 is a schematic view showing an incidence
position of a light flux on a condenser lens according to
Embodiment 10 of the present invention.

[0042] FIG. 31 is a view showing a configuration of a
projection-type display apparatus including a light source
device according to Embodiment 11 of the present invention.
[0043] FIG. 32 is a schematic view showing a positional
relationship of a light source and a color separation filter
according to Embodiment 11 of the present invention.
[0044] FIG. 33 is a schematic view showing an incidence
position of a light flux on a condenser lens according to
Embodiment 11 of the present invention.

[0045] FIG. 34 is a view showing a configuration of a
projection-type display apparatus including a light source
device according to Embodiment 12 of the present invention.
[0046] FIG. 35 is a schematic view showing an arrange-
ment of a reflecting element a reflecting-transmitting element
according to Embodiment 12 of the present invention.
[0047] FIG. 36 is a schematic view showing an incidence
position of a light flux on a condenser lens according to
Embodiment 12 of the present invention.

MODE FOR CARRYING OUT THE INVENTION

Embodiment 1

[0048] FIG. 1 is a view showing a configuration of a pro-
jection-type display apparatus including a light source device
according to Embodiment 1 of the present invention. As
shown in FIG. 1, the projection-type display apparatus 7a
according to Embodiment 1 include a light source device 1, a
condenser lens 4, a light intensity equalizing element 5, a
relay lens group (i.e., a relay optical system) 6, an image
display element (i.e., a light valve) 3, and a projection optical
system 8. The light source device 1 emits a light flux. The
condenser lens 4 condenses the light flux emitted by the light
source device 1. The light intensity equalizing element 5
equalizes an intensity distribution of the light flux condensed
by the condenser lens 4. The relay lens group (i.e., the relay
optical system) 6 guides the light flux whose intensity is
equalized by the light intensity equalizing element 5 to the
image display element 3. The image display element (i.e., the
light valve) 3 modulates the light flux from the relay lens
group 6 based on input picture signal, and modulates the light
flux into image light (i.e., picture light). The projection opti-
cal system 8 projects the image light on a screen 9 in an
enlarged scale. In this regard, “image light (picture light)” is
a light including image information.

[0049] Here, the condenser lens 4, the light intensity equal-
izing element 5, the relay lens group 6, the image display
element 3 and the projection optical system 8 have a common
(i.e., coaxial) optical axis C1. However, the image display
element 3 and the projection optical system 8 may not be on
the same axis. Hereinafter, in order to facilitate explanation of
figures, explanation will be made with reference to coordinate
axes including an X-axis, a Y-axis and a Z-axis that intersect
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perpendicularly with each other. A direction of the optical
axis C1 is defined as a Z direction. A direction from the light
source device 1 to the screen 9 is defined as +Z direction, and
an opposite direction thereof is defined as -7 direction. A
plane perpendicular to the Z direction is defined as an XY
plane. In the XY plane, a direction parallel to a horizontal axis
of the screen 9 is defined as an X direction. A left side when
viewing the screen 9 from the light source device 1 is defined
as a +X direction, and a right side when viewing the screen 9
from the light source device 1 is defined as a =X direction. A
direction parallel to a vertical axis of the screen 9 is defined as
a’Y direction. An upward direction is defined as a +Y direc-
tion, and a downward direction is defined as a -Y direction.
FIG. 1 corresponds to a view of the projection-type display
apparatus 7a as seen from above (i.e., the +Y side).

[0050] The light source device 1 includes the first light
source group 2a and the second light source group 2b. An
optical axis of the first light source group 2a and an optical
axis of the second light source group 24 are perpendicular to
each other.

[0051] Thefirst light source group 2a includes a plurality of
light sources 117, 115 and 11g having optical axes in the Z
direction. Although the first light source 2a includes three
light sources here, the number of the light sources is not
limited to three. The light sources 11, 115 and 11g are
arranged in a column in the direction perpendicular to the
optical axis C1. Although the light sources 117, 115 and 11g
are arranged in the X direction here, the arranging direction is
not limited to the X direction. The light sources 117, 116 and
11g may be arranged in the Y direction using a reflecting
member such as a mirror.

[0052] Inparticular, the light source 11~ that emits red light
(i.e., light of a red wavelength band), the light source 115 that
emits blue light (i.e., light of a blue wavelength band), and the
light source 11g that emits green light (i.e., light of a green
wavelength band) are arranged in this order from the +X side.
The light sources 117, 116 and 11g emit light in the +Z
direction. Thatis, the light sources 117, 115 and 11g emit light
in the direction toward the condenser lens 4.

[0053] The second light source group 256 includes a plural-
ity of light sources 127, 126 and 12g which have an optical
axis of the X direction. Although the second light source 25
includes three light sources here, the number of the light
sources is not limited to three. The light sources 127, 125 and
12g are arranged in a row in parallel with the optical axis C1.
In other words, the light sources 127, 126 and 12g are
arranged in a row in the Z direction.

[0054] Particularly, the light source 127 that emits red light,
the light source 125 that emits blue light, and the light source
12 g that emits green light are arranged in this order from the
+Z side. The light sources 127, 125 and 12g emit light in the
-X direction.

[0055] It is preferred that the light sources 117, 115, 11g,
127,126 and 12g are constituted by, for example, LDs (Laser
Diodes) for example. This is because a directivity of a light
flux of the LD is high, and there is an advantage that paral-
lelization of light flux is easy. The “parallelization” is to make
a light flux emitted by a light source into parallel light. How-
ever, LEDs (Light Emitting Diodes) or EL (Electro-Lumines-
cence) elements may also be used. In the case where the LEDs
orthe EL elements are used, parallelizing lenses are prepared
s0 as to correspond to the respective light sources. In the case
where the LDs are used, parallelizing lenses are prepared so
as to correspond to the respective light sources. However, the
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parallelizing lenses for the LDs are simpler. This is because
the LDs have a higher directivity as compared with the LEDs
or ELs, and the light emitted by the light source is close to
parallel.

[0056] Parallelizing lenses 137, 135 and 13g are provided
on the emission sides of the respective light sources 117, 115
and 11g. The parallelizing lenses 13, 136 and 13g make the
light fluxes emitted by the light sources 117, 115 and 11g into
parallel light fluxes. Similarly, parallelizing lenses 14r, 145
and 14g are provided on the emission sides of the respective
light sources 127, 126 and 12g. The parallelizing lenses 14r,
145 and 14g make the light fluxes emitted by the light sources
127,126 and 12g into parallel light fluxes. These parallelizing
lenses 137, 135, 13g, 14r, 14b and 14g are collectively
referred to as parallelizing lens groups (13, 14).

[0057] Furthermore, a transmitting-reflecting element 17
as a selective transmission element is provided at an inter-
secting position where parallel light fluxes 157, 1556 and 15¢g
emitted by the light sources 117, 115 and 11g and parallel
light fluxes 167, 165 and 16g emitted by the light sources 127,
1256 and 12g intersect each other. Here, the “intersecting
position” is a position where the single transmitting-reflect-
ing element 17 transmits the parallel light fluxes 157, 156 and
15g, and reflects the parallel light fluxes 167, 165 and 16g so
as to make a single light flux. In other words, the “intersecting
position” is a position where a single filter transmits one of
two light fluxes, reflects the other of the light fluxes, and
superimposes the respective light fluxes to form a single light
flux. In other words, the “intersecting position” is a position
where respective light fluxes are arranged and made into a
single light flux. Details of the light source device 1 will be
described later. Moreover, an “element” is each component
whose function has a meaning with respect to an entire func-
tion of an apparatus. In other words, the “element” is each unit
part as a component that plays an important role for the entire
function.

[0058] The light flux emitted by the light source device 1 is
condensed by the condenser lens 4 toward the light intensity
equalizing element 5. The light intensity equalizing element 5
equalizes the light intensity of the incident light flux in a cross
section of the light flux. To be “in cross section of the light
flux” is to be in a plane that intersects perpendicularly with the
optical axis C1. That is, the light intensity equalizing element
5 has function to reduce illumination unevenness.

[0059] Generally, the light intensity equalizing element 5 is
made of transparent material such as glass or resin. The light
intensity equalizing element 5 is constituted so that inner
surfaces of side walls serve as total-reflecting surfaces. The
light intensity equalizing element 5 is a pillar-shaped compo-
nent having a polygonal section. For example, the light inten-
sity equalizing element 5 is a polygonal columnar rod. Here,
the “rod” is a stick-shaped member having no space inside
thereof. Alternatively, the light intensity equalizing element 5
is formed of a tubular component having light reflecting sur-
faces (i.e., surface mirrors) inside thereof, and having a
polygonal section. The “tubular component™ is, for example,
a polygonal pipe, for example.

[0060] When the light intensity equalizing element 5 is the
polygonal columnar rod, the light flux incident on an incident
end is reflected a plurality of times by total-reflecting action at
interfaces between the transparent material and air, and is
emitted from an exit end. When the light intensity equalizing
element 5 is the polygonal columnar rod, the light flux inci-
dent on the incident end is reflected a plurality of times by
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reflecting action at inner reflecting surfaces, and is emitted
from an exit end. If the light intensity equalizing element 5
has a suitable length in a proceeding direction of the light flux,
superimposed irradiation of the vicinity of the exit end of the
light intensity equalizing element 5 with the light reflected a
plurality of times inside the light intensity equalizing element
5, and therefore substantially uniform intensity distribution is
obtained. That is, the intensity distribution of the light emitted
by the light intensity equalizing element 5 is more uniform as
compared with the intensity distribution of the light incident
thereon.

[0061] The light flux whose intensity is equalized by the
light intensity equalizing element 5 is guided to the image
display element 3 by the relay lens group 6 as the relay optical
system. Although the relay lens group 6 shown in FIG. 1
includes three lenses, four or more lenses may also be used, or
an aspheric lens may also be used. Moreover, it is also pos-
sible to guide the light flux to the image display element 3
using a curved mirror.

[0062] The image display element (i.e., the light valve) 3
may be either a reflection type or a transmission type. Par-
ticularly, the image display element 3 is constituted by, for
example, a liquid crystal display element, a digital micro
mirror device (DMD) or the like. In the projection-type dis-
play apparatus 7 using the light intensity equalizing element
5 as shown in FIG. 1, the polarization direction of the light
fluxes that enter into the image display element 3 from the
light intensity equalizing element 5 are not exactly the same,
and therefore the digital micro mirror device is more prefer-
able. The “light valve” is configured to control or adjust light.
That is, the “light valve™ is an optical element that controls the
light from a light source and it outputs as a picture light.

[0063] Moreover, aconfiguration and a function of the light
source device 1 will be described in detail. FIG. 2 is a view
showing the transmitting-reflecting element 17 as seen from
the condenser lens 4 side (i.e., the +Z side in FIG. 1). In FIG.
2, the light sources 117, 115 and 11g of the first light source
group 2a are illustrated with broken lines. The transmitting-
reflecting element 17 is formed of a transparent plate 174 such
as a glass substrate that transmits light.

[0064] The transmitting-reflecting element 17 include
reflecting portions 187, 185 and 18g. The reflecting portions
187, 185 and 18¢ reflect the parallel light fluxes 167, 165 and
16g emitted by the respective light sources 127, 125 and 12g
of'the second light source group 26 shown in FIG. 1. That is,
the reflecting portion 18~ reflects the parallel light flux 16r.
The reflecting portion 185 reflects the parallel light flux 165.
The reflecting portion 18g reflects the parallel light flux 16g.

[0065] The reflecting portions 187, 185 and 18¢g are, for
example, reflecting films. The reflecting film is formed of
dielectric multilayer film, silver or the like. The reflecting
portions 187, 185 and 18g need only be formed of materials
that respectively reflect the parallel light fluxes 16, 165 and
16g emitted by the light sources 127, 126 and 12g. For
example, the reflecting portion 187 may be formed of material
that reflects only red light.

[0066] The transmitting-reflecting element 17 has inclina-
tion of 45 degrees with respect to the X direction and the Z
direction. The transmitting-reflecting element 17 is arranged
so that the light emitted from the light sources 127, 126 and
12g of the second light source group 26 and reflected by the
reflecting portions 187, 185 and 18g proceeds to the con-
denser lens 4.
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[0067] With such a configuration, the parallel light fluxes
157,156 and 15g that are emitted by the light sources 117, 116
and 11g of the first light source group 2a and pass through
transparent portions of the transmitting-reflecting element 17
and the parallel light fluxes 167, 165 and 16g that are emitted
by the light sources 127, 126 and 12g of the second light
source group 26 and are reflected by the reflecting portions
187,185 and 18g of the transmitting-reflecting element 17 are
incident on the condenser lens 4. That is, the parallel light
fluxes 157, 156 and 15g are emitted by the light sources 117,
1156 and 11g of the first light source group 2a, and pass
through the transparent portions of the transmitting-reflecting
element 17. The parallel light fluxes 167, 165 and 16g are
emitted by the light sources 127, 126 and 12g of the second
light source group 24, and are reflected by the reflecting
portions 187, 185 and 18g of the transmitting-reflecting ele-
ment 17. Then, the parallel light fluxes 157, 1556 and 15¢ and
the parallel light fluxes 167, 165 and 16g are incident on the
condenser lens 4. The transparent portions of the transmit-
ting-reflecting element 17 are referred to as transmitting por-
tions.

[0068] The light fluxes that are incident on the condenser
lens 4 from the transmitting-reflecting element 17 are
arranged in the order of the light flux 157, the light flux 16g,
the light flux 155, the light flux 164, the light flux 15g and the
light flux 167 from above in FIG. 1 (i.e., the +X side). These
parallel light fluxes are arranged in the X direction and are
incident on the condenser lens 4 without leaving a gap, and
therefore condensing efficiency by the condenser lens 4 can
be enhanced.

[0069] Moreover, ifthe light flux 157, the light flux 16g, the
light flux 155, the light flux 165, the light flux 15g, and the
light flux 167 are expressed as colors of red, green, blue, blue,
green and red. The ““color” is a wavelength band. That is, the
light flux with a shorter wavelength incident on a position
closer to the optical axis (i.e., the optical axis C1) of the
condenser lens 4.

[0070] Generally, an influence of a spherical aberration
becomes large as an effective outer diameter of the condenser
lens 4 becomes larger. For this reason, the light flux incident
on a position farther from the optical axis C1 ofthe condenser
lens 4 is condensed closer to the condenser lens 4 in the Z
direction. A refractive index of a lens depends on a wave-
length. For this reason, with a configuration in which the blue
light of a short wavelength having a relatively large refractive
index is incident on the vicinity of the optical axis C1, and the
red light of a long wavelength having a relatively small refrac-
tive index is incident on the farthest position from the optical
axis Cl, the condensing positions of the light fluxes of the
respective colors can be made nearly the same as each other.
Further, the condensing efficiency by the condenser lens 4 can
be enhanced. Here, the “condensing efficiency” is an effi-
ciency at which the light is condensed toward the light inten-
sity equalizing element 5.

[0071] FIG. 3(A) includes a schematic view and an
enlarged view for illustrating the above-described spherical
aberration. A green light ray 201g incident on a position
farther from an optical axis C of a lens 200a is condensed in
a condensing position f1 on a front side with respect to a green
light ray 202g incident on a position closer to the optical axis
C. The “front side” is a “side closer to the condenser lens
200q”, i.e., —Z direction. This indicates that a change in
incident position in the X position causes a change in con-
densing position in the Z direction. Here, the “incident posi-
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tion” indicates a distance from the optical axis C to the light
incident on the lens 200qa. In FIG. 3(A), the condensing posi-
tions ofthe light ray 201g and the light ray 202g are expressed
as fl and f2. An interval between the condensing positions {1
and 12 is set to d20.

[0072] In contrast, in FIG. 3(B), a red light ray 2017 is
incident on a position farther from the optical axis C of a lens
2005. A blue light ray 2025 is incident on a position closer to
the optical axis C of the lens 2005. As shown in the enlarged
view in FIG. 3(B), an interval d21 is an interval between a
condensing position 4 of the blue light ray 20254 and a con-
densing position f3 of the red light ray 2017. The interval d20
is an interval between the condensing positions f1 and 2 of
the green light rays 201g and 202g shown in FIG. 3(A).
Although an influence of the spherical aberration remains, the
interval d21 is narrower than the interval d20. Thus, by
lengthening the wavelength of the light ray incident on the
position farther from the optical axis C of the lens 2005, and
by shortening the wavelength of the light ray in the vicinity of
the optical axis C, the influence of the spherical aberration can
be reduced, and the condensing efficiency by the lens 2005
can be enhanced. Here, the light ray having the long wave-
length is red light. The light having the short wavelength is
blue light.

[0073] Referring back to FIG. 1, the first light source group
2a (i.e., the light sources 11, 115 and 11g) and the second
light source group 25 (i.e., the light sources 127, 125 and 12g)
need be arranged so as to leave intervals between the adjacent
light sources in order to ensure cooling efficiency of each light
source group. If there are such intervals between the light
sources, gaps may be formed between the light fluxes emitted
by the respective light sources, and therefore the light effi-
ciency may be reduced. This is because as the light flux
becomes large, the optical element such as a lens become
large.

[0074] Therefore, in this Embodiment 1, the gap between
the light fluxes emitted by the light sources 117, 115 and 11g
of'the first light source group 2a are filled with the light fluxes
emitted by the light sources 127, 125 and 12g of the second
light source group 2b. With such a configuration, the light
fluxes densely reach the condenser lens 4 with reduced gaps,
and therefore light use efficiency can be enhanced. Here, to
“enhance light use efficiency” is to increase brightness of a
light flux, i.e., to obtain a high brightness. The “brightness™ is
luminance per unit area, i.e., brightness per unit area of a
section of the light flux.

[0075] As described above, in this Embodiment 1, the
transmitting-reflecting element 17 combines the light fluxes
of' the first light source group 2a and the second light source
group 2b, and guides the combined light fluxes to the con-
denser lens 4. Therefore, high brightness can be achieved
with a simple configuration. Moreover, light use efficiency
can be enhanced. Moreover, it is not necessary to adjust a lot
of mirrors as in a light source device disclosed by Patent
Document 1, and therefore a complicated adjustment opera-
tion can be eliminated.

[0076] Particularly, the transmitting-reflecting element 17
transmits the light fluxes 157, 156 and 15g emitted by the
respective light sources of the first light source group 2a and
reflects the light fluxes 167, 166 and 16g emitted by the
respective light sources of the second light source group 2b.
Therefore, the light fluxes emitted by the respective light
sources of both of the light source groups 2a and 26 can be
combined without leaving gaps. Further, the brightness can
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be enhanced. Moreover, intervals between the light sources
117,115, 11g, 127, 12b and 12g can be sufficiently ensured.
Therefore, a cooling efficiency can also be enhanced. More-
over, it becomes easy to arrange electronic components for
driving the light sources 11, 115, 11g, 127, 125 and 12g.
Moreover, it becomes easy to arrange holding members for
holding the light sources 117, 115, 11g, 127, 125 and 12g.
[0077] Moreover, in this Embodiment 1, the light flux hav-
ing the shorter wavelength is incident on the position closerto
the optical axis of the condenser lens 4. Therefore, the influ-
ence of spherical aberration can be reduced, and the condens-
ing efficiency by the condenser lens 4 can be enhanced.
[0078] Moreover, the transmitting-reflecting element 17 is
obtained by forming the reflecting film on the transparent
plate 17a. Therefore, the reflecting film can formed in various
shapes. Here, the portion where the reflecting film is provided
corresponds to the reflecting portion.

[0079] In this regard, in this Embodiment 1, the transmit-
ting-reflecting element 17 is oriented at the angle of 45
degrees with respect to the X direction and the Z direction.
However, this angle is not limited to 45 degrees, but can be
any angle as long as the light fluxes emitted by the respective
light sources of the first light source group 2a and the light
fluxes emitted by the respective light sources of the second
light source group 256 can be combined.

[0080] Inthis regard, if the optical axes of the light sources
117, 1156 and 11g of the first light source group 2a and the
optical axes of the light sources 127125 and 12g of the second
light source group 254 intersect perpendicularly with each
other, it is preferred to orient the transmitting-reflecting ele-
ment 17 at the angle of 45 degrees with respect to the X
direction and the Z direction. This is because the light fluxes
emitted by the respective light sources of the first light source
group 2a and the light fluxes emitted by the respective light
sources of the second light source group 26 can be combined
with a simplest device configuration.

[0081] Moreover, the optical axes of the light sources 117,
115 and 11g of the first light source group 2a and the optical
axes of the light sources 127 125 and 12g of the second light
source group 24 intersect perpendicularly with each other.
However, these optical axes do not necessarily intersect per-
pendicularly with each other. That is, the light sources may be
arranged in any way as long as the light fluxes emitted by the
respective light sources of the first light source group 2a and
passing through the transmitting-reflecting element 17, and
the light fluxes emitted by the respective light sources of the
second light source group 26 and reflected by the transmit-
ting-reflecting element 17 proceed toward the condenser lens
4.

[0082] Inthis regard, in this Embodiment 1, the light source
device 1 emits the light fluxes of 3 colors. However, the same
effect can be obtained even if the light source device emits a
monochromatic light flux. The “monochromatic light flux” is
emitted in the case where, for example, the first light source
group 2a and the second light source group 25 have only red
light sources. In this case, it is necessary to combine light
from a red light source device, light from a green light source
device, and light from a blue light source device. In this case,
for example, a color combination mirror may be arranged on
an emission side of the light source device 1 so as to combine
the light fluxes of the respective colors.

[0083] Moreover, the light sources 117, 115 and 11g are
arranged in a row and three columns, and the light sources
127, 125 and 12g are arranged in a row and in three columns.
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However, the arrangements are not limited to such an
example. For example, the light sources can be arranged in a
plurality of rows and plurality of columns. Here, the “row” is
a line of the X direction, and the “column” is a line of the Y
direction. That is, as shown in FIG. 2, the light sources 117,
115 and 11g are arranged in a row in the X direction and in
three columns in the Y direction.

[0084] Moreover, in this Embodiment 1, the light sources
117,115 and 11g are arranged at equal intervals, and the light
sources 127, 126 and 12g are arranged at equal intervals.
However, the intervals may be changed according to sizes of
the light sources. For example, if the length of the light source
117 in the arranging direction (i.e., the X direction) is longer
than other light sources 115 and 11g, the interval between the
light sources 115 and 11g may be made so as to correspond to
the length of the light source 11x

Embodiment 2

[0085] Embodiment 2 is different from Embodiment 1 in
arrangement of the light sources of a first light source group
20a and a second light source group 206 and arrangement of
transmitting portions and reflecting portions of a transmit-
ting-reflecting element 27. In this Embodiment 2, the com-
ponents on the emission side of the light source device are the
same as the components described in Embodiment 1. The
components on the emission side of the light source device
are components from the condenser lens 4 to the screen 9
shown in FIG. 1. That is, the components on the emission side
of the light source device are the condenser lens 4, the light
intensity equalizing element 5, the relay lens group 6, the
image display element 3, the projection optical system 8 and
the screen 9.

[0086] FIG. 4 is a view showing positions of respective
light sources 217, 215, 21g, 22r, 22b and 22g so as to be
superimposed on regions of the transmitting-reflecting ele-
ment 27 irradiated with the respective parallel light fluxes
157, 156, 15g, 167, 165 and 16g.

[0087] InFIG. 4, the transmitting-reflecting element 27 is
illustrated as a square using a broken line. Regions irradiated
with the parallel light fluxes 157 and 16~ are illustrated by
patterns in which dots are interspersed in square frames.
Hereinafter, the pattern in which dots are interspersed is
referred to as a “dot pattern”. Regions irradiated with the
parallel light fluxes 15g and 16g are illustrated by patterns in
which vertical lines and horizontal lines intersect perpendicu-
larly with each other in square frames. Hereinafter, the pattern
in which intersect perpendicularly with each other is referred
to as a “grid pattern”. Regions irradiated with the parallel
light fluxes 1556 and 165 are illustrated by patterns in which
horizontal dashed lines are arranged in square frames. Here-
inafter, the pattern in which horizontal dashed lines are
arranged is referred to as a “broken stripe pattern”.

[0088] FIG. 4(A) is a view showing regions of the trans-
mitting-reflecting element 27 irradiated with the parallel light
fluxes 157, 155 and 15g emitted by the light sources 21~, 215
and 21g of the first light source group 20a. FIG. 4(B) isa view
showing regions of the transmitting-reflecting element 27
irradiated with the parallel light fluxes 167, 165 and 16g
emitted by the light sources 227, 225 and 22g of the second
light source group 205. FIG. 4(A) is a view as seen from the
+7. direction side. FIG. 4(B) is a view as seen from -X
direction side.

[0089] In FIG. 4(A) and FIG. 4(B), positions of the light
sources 217, 215 and 21g of the first light source group 20a
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and positions of the light sources 227, 225 and 22g of the
second light source group 206 are illustrated by squares with
black frames. Although the light sources 21, 215, 21g, 227,
22b and 22g are arranged on a back side of the transmitting-
reflecting element 27, the light sources 217, 215, 21g, 227,
22b and 22g are illustrated by solid lines in FIG. 4 for facili-
tating description. The back side is —Z direction side in FIG.
4(A), and is the +X direction side in FIG. 4(B).

[0090] As shown in FIG. 4(A), the light sources 217, 215
and 21g of'the first light source group 20q are arranged in six
rows and six columns in a plane parallel to the XY plane.
Here, the “six rows and six columns” indicates that there are
six lines (i.e., rows) in the Y direction and six lines (i.e.,
columns) in the X direction as shown in FIG. 4(A). As seen
from the +Z direction, in the most right hand column (i.e., the
+X side), the light sources 217 that emit red light are arranged
on the first row, the third row and the fifth row from above
(i.e., the +Y side). In the second column from the right, the
light sources 21g that emit green light are arranged on the
second row, the fourth row and the sixth row from above. In
the third column from the right, the light sources 215 that emit
blue light are arranged on the first row, the third row and the
fifth row from above.

[0091] Similarly, in the fourth column from the right, the
light sources 215 that emit blue light are arranged on the
second row, the fourth row and the sixth row from above. In
the fifth column from the right, the light sources 21g that emit
green light are arranged on the first row, the third row and the
fifth row from above. In the most left hand column (i.e., the
-X side), the light sources 217 that emit red light are arranged
on the second row, the fourth row and the sixth row from
above.

[0092] Optical axes of the light sources 217, 215 and 21g
are directed in the Z direction. Moreover, the parallelizing
lenses 137, 136 and 13g (omitted in FIG. 4) described in
Embodiment 1 are provided on emission sides of the light
sources 217, 215 and 21g. The number of the parallelizing
lenses is six for the light sources of each color, and the total
number of the parallelizing lenses is 18.

[0093] As shown in FIG. 4 (B), the light sources 227, 225
and 22g of the second light source group 205 are arranged in
six rows and six columns in a plane parallel to the YZ plane.
Here, “six rows and six columns” indicates that there are six
lines (i.e., rows) in the Y direction and six lines (i.e., columns)
in the Z direction as shown in FIG. 4 (B). As seen from the =X
direction, in the most right hand column (i.e., the +Z side), the
light sources 227 that emit red light are arranged on the first
row, the third row and the fifth row from above (i.e., the +Y
side). In the second column from the right, the light sources
22g that emit green light are arranged on the second row, the
fourth row and the sixth row from above. In the third column
from the right, the light sources 225 that emit blue light are
arranged on the first row, the third row and the fifth row from
above.

[0094] Similarly, in the fourth column from the right, the
light sources 225 that emit blue light are arranged on the
second row, the fourth row and the sixth row from above. In
the fifth column from the right, the light sources 22g that emit
green light are arranged on the first row, the third row and the
fifth row from above. In the most left hand column (i.e., the
-7 side), the light sources 227 that emit red light are arranged
on the second row, the fourth row and the sixth row from
above.
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[0095] Optical axes of the light sources 227, 225 and 22g
are directed in the X direction. Moreover, the parallelizing
lenses 137, 136 and 13g (omitted in FIG. 4) described in
Embodiment 1 are provided on emission sides of the light
sources 227, 22b and 22g. The number of the parallelizing
lenses is six for the light sources of each color, and the total
number of the parallelizing lenses is 18.

[0096] FIG. 4(C) is a perspective view showing a state
where the light source groups 20a and 205 are combined. That
is, FIG. 4(C) is a view in which regions of the transmitting-
reflecting element 27 irradiated by the light sources 217, 215,
21g, 227,225 and 22g are projected on a plane parallel to the
XY plane and a plane parallel to the YZ plane. The regions
irradiated by the first light source group 20a are projected on
the plane parallel to the XY plane. The regions irradiated by
the second light source group 205 are projected on the plane
parallel to the YZ side. The transmitting-reflecting element 27
is illustrated by a square using a broken line. The first light
source group 20a having optical axes in the Z direction, and
the second light source group 205 having optical axes in the X
direction are arranged so as to form an angle of 90 degrees.

[0097] Thetransmitting-reflecting element 27 as a selective
transmission element is provided at an intersecting position
where the parallel light fluxes 157, 155 and 15g that are
parallelized after being emitted by the first light source group
20a (i.e., the light sources 217, 215 and 21g) and the parallel
light fluxes 167, 165 and 16g that are parallelized after being
emitted by the second light source group 205 (i.e., the light
sources 22r, 22b and 22g) intersect each other. Here, the
“intersecting position” is a position where the single trans-
mitting-reflecting element 27 transmits the parallel light
fluxes 157, 156 and 15g, and reflects the parallel light fluxes
167, 165 and 16g so as to form a single light flux.

[0098] FIG. 5 is a front view showing the transmitting-
reflecting element 27. That is, FIG. 5 is a view of the trans-
mitting-reflecting element 27 seen from a direction rotated
about aY axis by 45 degrees from the +X direction as seen in
the +Y direction. Similarly, FIG. 5 is a view of the transmit-
ting-reflecting element 27 seen from a direction rotated by 45
degrees from the +Z direction as seen in the +Y direction. For
this reason, in coordinates shown in FIG. 5, a left side indi-
cates the +Z direction, and a right side indicates the +X
direction. In practice, an X axis and a Z axis indicate direc-
tions inclined by 45 degrees toward a near side of the page.

[0099] The transmitting-reflecting element 27 includes
reflecting portions 287, 285 and 28g on a transparent plate
such as a glass substrate or the like. The reflecting portions
28r, 28b and 28g reflect the light fluxes emitted by the second
light source group 2056 (i.e., the light sources 227, 225 and
22g). In FIG. 5, the reflecting portions 28~ are illustrated by
the “dot patterns”. The reflecting portions 28g are illustrated
by the “grid patterns”. The reflecting portions 285 are illus-
trated by the “broken stripe patterns”.

[0100] The transmitting-reflecting element 27 is inclined at
an angle of 45 degrees with respect to the X direction and the
Z direction. Therefore, a length [.1 of each of the reflecting
portions 287, 285 and 28¢g in the X direction is root-2 times a
length 1.2 in the Y direction.

[0101] Portions of the transmitting-reflecting element 27
other than the reflecting portions 287 and 285 are transmitting
portions that transmits the parallel light fluxes 157, 1556 and
15¢ that are emitted by the light sources 217, 215 and 21g of
the first light source group 20a and are parallelized.
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[0102] With such a configuration, the transmitting-reflect-
ing element 27 transmits the parallel light fluxes 157, 156 and
15g emitted by the first light source group 20« (i.e., the light
sources 217, 215 and 21g), reflects the parallel light fluxes
167, 165 and 16g emitted by the second light source group
205 (i.e., the light sources 227, 22b and 22g), and guides the
light fluxes to the condenser lens 4 (FIG. 1).

[0103] As was described in Embodiment 1, the respective
light sources of the light source groups 20a and 2056 need be
arranged with certain intervals for cooling. Therefore, by
using the transmitting-reflecting element 27 having the trans-
mitting portions and the reflecting portions 287, 286 and 28¢g
that are alternately arranged, the light fluxes emitted by the
respective light sources can be combined without leaving a
gap, and therefore a high intensity can be obtained.

[0104] FIG. 6 is a schematic view showing the section (i.e.,
the XY section) of the light flux emitted by the light source
device 1. The light flux emitted by the light source device 1 is
a combination of the light fluxes reflected by the reflecting
portions 287, 285 and 28g of the transmitting-reflecting ele-
ment 27 and the light fluxes passing through the transmitting
portions of the transmitting-reflecting element 27. Therefore,
as shown in FIG. 6, six light flux 407, the light flux 40g, the
light flux 405, the light flux 405, the light flux 40g, and the
light flux 407, each having a sectional shape longer in the Y
direction and shorter in the X direction, are densely arranged
from -X direction toward the +X direction without leaving
gaps. In FIG. 6, the “dot patterns” indicate the light fluxes 40~.
The “grid patterns” indicate the light fluxes 40g. The “broken
stripe patterns” indicate the light fluxes 405. Moreover, in the
section of the light flux shown in FIG. 6, the length in the X
direction and the length in the Y direction are approximately
the same. In other words, a ratio of the length in the X
direction to the length in the Y direction is approximately 1.
Here, the light flux is illustrated as a square for convenience
sake. However, in practice, the light flux has an almost circu-
lar shape. The “for convenience sake” means that it is conve-
nient for description.

[0105] Moreover, the light fluxes shown in FIG. 6 are
arranged so that the blue light fluxes 406 are closest to the
optical axis C1, and the red light flux 407 are farthest from the
optical axis C1. Therefore, as was described in Embodiment
1, the condensing efficiency by the condenser lens 4 can be
enhanced. Here, the “condensing efficiency” is an efficiency
at which the light is condensed toward the light intensity
equalizing element 5.

[0106] In this Embodiment 2, the light source groups 20a
and 2056 arranged as shown in FIG. 4 (A) and (B) are used.
However, the light sources are not limited to such arrange-
ments. That is, when the light fluxes are densely arranged
with reduced gaps in the section of the light flux emitted by
the transmitting-reflecting element 27, light use efficiency
can be enhanced. For example, the red light sources light may
be provided in the vicinity of a periphery, and the blue light
source may be provided in the vicinity of the center.

[0107] As described above, according to this Embodiment
2, even when the light sources are arranged in a plurality of
rows and a plurality of columns, the light fluxes emitted by the
respective light sources of the first light source group 20a and
the second light source group 205 can be combined by the
transmitting-reflecting element 27 without leaving gaps.
Therefore, high brightness can be achieved. Moreover, light
use efficiency can be enhanced. Moreover, it is not necessary
to adjust a lot of mirrors as in the light source device disclosed
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by Patent Document 1, and therefore the complicated adjust-
ment operation can be eliminated.

[0108] Moreover, by making the length of the light flux
emitted by the light source device 1 in the X direction and the
Y direction the same as each other as shown in FIG. 6, the
condensing efficiency to the light intensity equalizing ele-
ment 5 can be enhanced. That is, in Embodiment 1, the light
flux emitted by the light source device 1 has the length in the
X direction and the length in the Y direction which are dif-
ferent from each other. However, in Embodiment 2, the length
of the light flux in the X direction and the length of the light
flux in the Y direction are nearly the same as each other.
Therefore, the light use efficiency is enhanced. For example,
when the light sources are arranged in six rows and six col-
umns, the light use efficiency becomes higher than when the
light sources are arranged in four rows and nine columns.
Here, the “nearly the same” indicates that the length in the X
direction and the length in the Y direction may not be exactly
the same as each other since, for example, the LD has differ-
ent divergence angles in a fast axis direction and in a slow axis
direction.

[0109] Inthis regard, in this Embodiment 2, the case where
the light source device 1 emits the light fluxes of 3 colors.
However, the same effect can be obtained even in the case
where the light source device 1 emits a monochromatic light
flux. In this case, three light sources are provided. A first light
source device emits a red light flux, a second light source
device emits a green light flux, and a third light source device
emits a blue light flux. In this case, for example, a color
combination mirror may be arranged on an emission side of
the light source device 1 so as to combine the light fluxes of
the respective colors.

[0110] Moreover, in this Embodiment 2, the light sources
21r, 216 and 21g of the first light source group 20a and the
light sources 22r, 22b and 22g of the second light source
group 205 are arranged in the planes which are perpendicu-
larly arranged with each other. The light sources 217, 216 and
21g of the first light source group 20q are arranged in the XY
plane. The light sources 227, 225 and 22g of the second light
source group 204 are arranged in the YZ plane. However, the
light sources may be arranged in any way as long as the light
fluxes emitted by light source groups 20a and 205 are com-
bined by the transmitting-reflecting element 27.

Embodiment 3

[0111] FIG. 7 is a configuration view showing a configura-
tion of a projection-type display apparatus 76 including a
light source device according to Embodiment 3 of the present
invention. The light source device according to this Embodi-
ment 3 includes two light source units 101a and 1015, and is
configured to combine light fluxes emitted by the two light
source units 101a and 1015 using a polarization separation
element 68. Here, the “light source unit” itself may constitute
the light source device 1 as in Embodiment. When a plurality
of'light source devices are provided for increasing an amount
oflight, each of the light source devices may be referred to as
the light source unit. That is, in Embodiment 3, the light
source device 1 described in Embodiment 1 or 2 is described
as the light source units 101a and 10154. In the projection-type
display apparatus 75, components on the emission side of the
light source device are the same as those of Embodiment 1.
The components on the emission side of the light source
device are the condenser lens 4, the light intensity equalizing
element 5, the relay lens group 6, the image display element
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3, the projection optical system 8 and the screen 9. In this
regard, the projection optical system 8 and the screen 9 shown
in FIG. 1 are omitted in the figure. The “polarization” is light
with a vibrating surface in a certain direction. The “polariza-
tion separation element” is an element that reflects a part of
incident light and transmits a part of the incident light accord-
ing to a polarization direction.

[0112] The first light source unit 101a includes light source
groups 102a and 1025. The light source group 102a have
optical axes in the Z direction. Moreover, the light source
group 102q includes a plurality of light sources 31, 315 and
31g arranged in the X direction. In FIG. 7, three light sources
31r, 315 and 31g are shown. Moreover, the light source 317
that emits red light, the light source 315 that emits blue light,
and the light source 31g that emits green light are arranged in
this order from the +X side. The light source group 102a
corresponds to the first light source group.

[0113] The light source group 1025 includes optical axes in
the X direction. Moreover, the light source group 1024
includes a plurality oflight sources 32r,32b and 32g arranged
in the Z direction. In FIG. 7, three light sources 32r, 326 and
32g are shown. Moreover, the light source 327 that emits red
light, the light source 325 that emits blue light, and the light
source 32g that emits green light are arranged in this order
from the +Z side. The light source group 1025 corresponds to
the second light source group.

[0114] The light sources 317, 315, 31g, 327, 326 and 32¢g
emit the light fluxes having specific polarizations. The “spe-
cific polarization” is, for example, P-polarization and S-po-
larization. For example, when the light sources 317, 315, 31g,
32rand 326 and 32g emit light of the P-polarization, the light
flux reaching the polarization separation element 68 is the
light of the P-polarization. In this regard, it is preferred to use
LDs capable of emitting light fluxes with aligned polariza-
tions as the light sources 31r, 315, 31g, 327, 32b and 32g.

[0115] The parallelizing lenses 337, 335 and 33g are pro-
vided on the emission sides of the respective light sources
317, 315 and 31g. The parallelizing lenses 337, 3356 and 33¢
make the light fluxes emitted by the light sources 317,315 and
31g into parallel light fluxes. Similarly, the parallelizing
lenses 347, 345 and 34g are provided on the emission sides of
the respective light sources 327, 326 and 32g. The paralleliz-
ing lenses 347, 34b and 34g make the light flux emitted by the
light sources 32, 326 and 32g into parallel light fluxes.

[0116] A transmitting-reflecting element 37 is provided at
an intersecting position where parallel light fluxes 357, 355
and 35g emitted by the respective light sources 317, 315 and
31g of the light source group 102a and parallel light fluxes
367, 365 and 36g emitted by the respective light sources 32r,
325 and 32g of the light source group 1025 intersect each
other. Here, the “intersecting position” is a position where the
transmitting-reflecting element 37 transmits the parallel light
fluxes 357, 356 and 35g and reflects the parallel light fluxes
367, 365 and 36g so as to make a single light flux. In this
regard, in FIG. 7, only center light rays of the respective light
fluxes are shown in order not to make the figure complicated.
The transmitting-reflecting element 37 has transmitting por-
tions and reflecting portions 38~, 385 and 38g. The transmit-
ting portions transmit the parallel light fluxes 357, 356 and
35gemitted by the light sources 317, 315and 31g. The reflect-
ing portions 387, 386 and 38g reflect the parallel light fluxes
367, 365 and 36g emitted by the light sources 327, 326 and
32g.
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[0117] The transmitting-reflecting element 37 is obtained
by, for example, forming reflecting films using dielectric
multilayer film, silver or the like on a transparent plate. The
portions where the reflecting films are formed correspond to
the reflecting portions 38~, 385 and 38g. In this regard, the
reflecting portions 387, 385 and 38g may be configured to
reflect only light of a respectively specific color.

[0118] The second light source unit 1016 has the light
source groups 102¢ and 1024. The light source group 102¢
has an optical axis of the X direction. Moreover, the light
source group 102¢ includes a plurality of light sources 517,
515 and 51g arranged in the Z direction. The light source
group 102¢ corresponds to the first light source group. In FIG.
7, three light sources 517, 515 and 51g are shown. Moreover,
the light source 51~ that emits red light, the light source 515
that emits blue light, and the light source 51g that emits green
light are arranged in this order from the +Z side.

[0119] The light source group 1024 have optical axes in the
Z direction. Moreover, the light source group 1024 includes a
plurality of light sources 527, 525 and 52g arranged in the X
direction. The light source group 102d corresponds to the
second light source group. In FIG. 7, three light sources 527,
52b and 52g are shown. Moreover, the light source 52¢g that
emits green light, the light source 525 that emits blue light, the
light source 52 that emits red light are arranged in this order
from the +X side.

[0120] The light sources 51r, 51b,51g, 52g, 525 and 527 of
the second light source unit 1015 emit the light fluxes whose
polarization direction is different by 90 degrees from the
polarization direction of the light fluxes emitted by the
respective light sources of the above described first light
source unit 101a. That is, when the respective light sources of
the first light source unit 101a emit the light of P-polarization,
the respective light sources of the second light source unit
1015 emit the light of S-polarization. Moreover, when the
respective light sources of the first light source unit 101a emit
the light of S-polarization, the respective light sources of the
second light source unit 1015 emit the light of P-polarization.
In this regard, it is preferred to use LDs capable of emitting
the light fluxes with aligned polarizations as the light sources
51r, 515, 51g, 52¢g, 52b and 52r.

[0121] The parallelizing lenses 53, 535 and 53g are pro-
vided on the emission sides of the respective light sources
51r, 51b and 51g. The parallelizing lenses 537, 535 and 53¢
make light fluxes emitted by the light sources 517, 516 and
51g into parallel light fluxes 557, 556 and 55g. Similarly, the
parallelizing lenses 54g, 545 and 54r are provided on the
emission sides of the respective light sources 52¢g, 526 and
52r. The parallelizing lenses 54g, 545 and 54» make light
fluxes emitted by the light sources 52g, 526 and 52~ into
parallel light fluxes 56g, 565 and 56#

[0122] The transmitting-reflecting element 57 is provided
at an intersecting position where the parallel light fluxes 55~,
55b and 55g emitted by respective light sources of the light
source group 102¢ and the parallel light fluxes 56g, 565 and
56r emitted by respective light sources of the light source
group 1024 intersect each other. Here, the “intersecting posi-
tion” is a position where the single transmitting-reflecting
element 57 transmits the parallel light fluxes 557, 5556 and 55¢
and reflects the parallel light fluxes 56g, 565 and 567 so as to
make a single light flux. The transmitting-reflecting element
57 includes transmitting portions and the reflecting portions
58¢, 586 and 58r. The transmitting portions transmit the
parallel light fluxes 557, 55b and 55¢ emitted by the light
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sources 517, 51b and 51g. The reflecting portions 58g, 585
and 58r reflect the parallel light fluxes 56g, 5656 and 56~
emitted by the light sources 52g, 526 and 52~

[0123] The transmitting-reflecting element 57 is obtained
by, for example, forming reflecting films using dielectric
multilayer film, silver or the like on a transparent plate. The
portions where the reflecting films are provided correspond to
the reflecting portions 58¢, 585 and 58~. In this regard, the
reflecting portions 58g, 585 and 58 may be configured to
reflect only light of respective specific colors.

[0124] The polarization separation element 68 is provided
at an intersecting position where the light fluxes emitted by
the first light source unit 101a proceeds in the +Z direction,
and the light fluxes emitted by the second light source unit
1014 proceeds in the —X direction intersect each other. Here,
“the intersecting position” is a position where the single
polarization separation element 68 transmits the light fluxes
proceeding in the +Z direction, and reflects the light fluxes
proceeding in the —X direction so as to make a single light
flux. The polarization separation element 68 has characteris-
tics to transmit light of specific polarization (for example,
light of P-polarization) and to reflect light having a polariza-
tion (for example, light of S-polarization) whose polarization
direction is different from the light of the specific polarization
by 90 degrees.

[0125] Here, the polarization separation element 68 trans-
mits the light fluxes emitted by the first light source unit 101a,
and reflects the light fluxes emitted by the second light source
unit 1015. That is, the light fluxes emitted by the first light
source unit 101a are light of P-polarization. Moreover, the
light fluxes emitted by the second light source unit 1015 are
light of S-polarization. With such a configuration, the light
fluxes emitted by the first light source unit 101« pass through
the polarization separation element 68, and reaches the con-
denser lens 4. The light fluxes emitted by the second light
source unit 1015 are reflected in the Z direction by the polar-
ization separation element 68, and reach the condenser lens 4.

[0126] Moreover, the polarization separation element 68 is
constituted so as to transmit or reflect the light fluxes of the
same colors emitted by the light source units 101a and 1015
at the same positions. That is, for example, the light fluxes
(i.e., light of P-polarization) emitted by the light source 317 of
the first light source unit 101a passes through a certain posi-
tion on the polarization separation element 68. Further, the
light flux (i.e., light of S-polarization) emitted by the light
source 52r of the second light source unit 1015 is reflected at
the same position on the polarization separation element 68.
That is, the light flux passing through the polarization sepa-
ration element 68, and the light flux reflected by the polariza-
tion separation element 68 proceeds on the same light path.
Therefore, the light flux (red light) 667 in which the light of
P-polarization and the light of S-polarization are combined
reaches the condenser lens 4.

[0127] Similarly, the light flux (green light) 66g in which
the light of P-polarization and the light of S-polarization are
combined, and the light flux (blue light) 665 in which the light
of P-polarization and the light of S-polarization are combined
reach the condenser lens 4.

[0128] Inthis way, the two light source units 101a and 1015
are used for Embodiment 3. If light sources whose polariza-
tion directions are selectable are used (for example, LDs) in
the two light source units 101a and 1015, it becomes possible
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to obtain brightness nearly twice as high as that in Embodi-
ment 1. Further, the high brightness of the projection-type
display apparatus is obtained.

[0129] Moreover, as shown in FIG. 7, gaps between the
parallel light fluxes 357, 3556 and 35g emitted by respective
light sources 31, 315 and 31g of the light source group 1024
are filled with the parallel light fluxes 367, 365 and 36g
emitted by respective light sources 327, 326 and 32g of the
light source group 1025. Moreover, gaps between the parallel
light fluxes 557, 55b and 55g emitted by respective light
sources 517, 515 and 51g of the light source group 102¢ are
filled with the parallel light fluxes 56g, 565 and 567 emitted by
respective light sources 52g, 52b and 52~ of the light source
group 102d. For this reason, the light flux reaching the con-
denser lens 4 becomes dense, since the gaps therein are
reduced. Therefore, light use efficiency can be enhanced.

[0130] As described above, according to this Embodiment
3, the light fluxes emitted by the light source groups 1024 and
1024 are combined by the transmitting-reflecting element 37
in the first light source unit 101a. Also, the light fluxes emitted
by light source groups 102¢ and 1024 are combined by the
transmitting-reflecting element 57 in the second light source
unit 1015. Further, the light fluxes emitted by these light
source units 101a and 1015 are combined by the polarization
separation element 68. Therefore, high brightness can be
achieved. Moreover, light use efficiency can be enhanced.
Moreover, it is not necessary to adjust a lot of mirrors as in the
light source device disclosed by Patent Document 1, and
therefore the complicated adjustment operation can be elimi-
nated.

[0131] In this regard, the light sources 317, 315 and 31g of
the light source group 1024, the light sources 327, 326 and
32g of'the light source group 1025, the light sources 51~, 515
and 51g of the light source group 102¢, and the light sources
52g, 525 and 52r of the light source group 1024 are respec-
tively arranged in one row and in three columns in this
example. However, the light source may be arranged in a
plurality of rows and a plurality of columns as in Embodiment
2. With such a configuration, a size in the X direction and a
size in the Y direction (i.e., a size in a vertical direction and a
size in a horizontal direction) of a section of the light flux
emitted by the light source device can be made nearly the
same as each other. Therefore, condensing efficiency by the
condenser lens 4 can be enhanced, and high brightness can be
achieved. That is, as in Embodiment 2, the size of the light
flux in the X direction and the size of the light flux in the Y
direction are nearly the same as each other, and therefore the
light use efficiency is enhanced. For example, when the light
sources are arranged in six rows and six columns, the light use
efficiency becomes higher than when the light sources are
arranged in four rows and nine columns. Here, the “nearly the
same” indicates that the size in the X direction and the size in
the Y direction may not be exactly the same as each other
since, for example, the LD has different divergence angles in
a fast axis direction and in a slow axis direction.

[0132] Moreover, in this Embodiment 3, description has
been made to the case where the light source device emits the
light fluxes of 3 colors. However, the same effect can be
obtained even if the light source device emits a monochro-
matic light flux. In this case, for example, a color combination
mirror may be arranged on the emission side of the light
source device 1 so as to combine the light fluxes of the
respective colors.
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Embodiment 4

[0133] FIG. 8 s a configuration view showing a configura-
tion of a projection-type display apparatus 7¢ including a
light source device according to Embodiment 4 of the present
invention. The light source device according to Embodiment
4 includes two light source units 101¢ and 101d4. Moreover,
the light source device includes a transmitting-reflecting ele-
ment 88. The respective light source units 101¢ and 1014 are
configured so as to combine light fluxes emitted by light
source groups 102e¢ and 102f'and light source groups 102g
and 102/ using polarization separation elements 776 and 875
as a selective transmission element. Further, the light fluxes
combined by the respective light source units 101¢ and 1014
are further combined by the transmitting-reflecting element
88. In the projection-type display apparatus 7¢, the compo-
nents on the emission side of the light source device are the
same as those of Embodiment 1. The components on the
emission side of the light source device are the condenser lens
4, the light intensity equalizing element 5, the relay lens group
6, the image display element 3, the projection optical system
8 and the screen 9. In this regard, the projection optical system
8and the screen 9 which are shown in FIG. 1 are omitted in the
figure.

[0134] Embodiment 4 shows that the transmitting-reflect-
ing elements 37 and 57 described in Embodiment 3 can be
replaced by the polarization separation elements 775 and 875.
Moreover, Embodiment 4 shows that the polarization sepa-
ration element 68 described in Embodiment 3 can be replaced
by the transmitting-reflecting element 88. That is, Embodi-
ment 4 shows that the transmitting-reflecting element and the
polarization separation element are mutually exchangeable or
selectable.

[0135] In this regard, the light source device of Embodi-
ment 4 is so that configured the light fluxes combined by the
light source units 101¢ and 1014 are further combined by the
transmitting-reflecting element 88. However, each of the light
source units 101¢ and 1014 can serve as a light source device
by itself. That is, the light source unit 101¢ can serve as a light
source device that combines the light fluxes emitted by the
light sources 716 and 725 using the polarization separation
element 77b. Moreover, the light source unit 1014 can serve
as a light source device that combines the light fluxes emitted
by the light sources 815 and 825 using the polarization sepa-
ration element 875. These light source devices serves as light
sources that emit monochromatic light. In Embodiment 4, the
light source units 101¢ and 1014 serve as light source devices
that emit blue light.

[0136] For example, as for a blue LD, blue light has an
intensity distribution having a peak wavelength of approxi-
mately 450 nm and 460 nm. As fora green LD, green light has
an intensity distribution having a peak wavelength of approxi-
mately 530 nm. As for a red LD, red light has an intensity
distribution having a peak wavelength of approximately 640
nm. A width of a wavelength band of light of LD is generally
10 nm or less. The width of the wavelength band of the light
of the LD is preferably shorter than 5 nm when using the
transmitting-reflecting element.

[0137] In the light source device of this Embodiment 4, an
effect is obtained particularly when all of the light sources
emit the light fluxes of the same (i.e., monochromatic) color.
Here, description will be made of the case where the respec-
tive light sources of the light source groups 102e and 102/ of
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the first source unit 101¢ and the respective light sources of
the light source groups 102g and 102/ of the second source
unit 1014 all emit blue light.

[0138] The first light source unit 101¢ includes the light
source groups 102e¢ and 102f. Moreover, the first light source
unit 101¢ includes the polarization separation element 775.
The light source group 102e includes optical axes in the Z
direction, and includes a plurality of light sources 715
arranged in the X direction. The light source group 102e¢
corresponds to the first light source group. In FIG. 8, three
light sources 715 are shown. Moreover, the light source group
102/ includes optical axes in the X direction, and includes a
plurality of light sources 725 arranged in the Z direction. The
light source group 102fcorresponds to the second light source
group. In FIG. 8, three light source 725 are shown.

[0139] The light source 716 emits blue light (i.e., a first
light flux) having a specific polarization (for example, P-po-
larization). The light source 725 emits blue light (i.e., a sec-
ond light flux) having a polarization (for example, S-polar-
ization) whose polarization direction is different from that of
the light source 7156 by 90 degrees. In this regard, it is pre-
ferred to use LDs capable of emitting light fluxes with aligned
polarizations as the light sources 715 and 7256. The “L.Ds” are
laser as described above.

[0140] Three parallelizing lenses 736 are provided on the
emission sides of the respective three light sources 715. The
parallelizing lenses 735 make light fluxes emitted by the light
sources 715 into parallel light fluxes 7556. Similarly, three
parallelizing lenses 745 are provided on the emission sides of
the respective three light source 724. The parallelizing lenses
74b make light fluxes emitted by the light sources 7254 into
parallel light fluxes 765.

[0141] The polarization separation element 775 is provided
at an intersecting position where the parallel light fluxes 7556
emitted by the respective light sources 715 of the light source
group 102¢ and the parallel light fluxes 765 emitted by the
respective light sources 72b of the light source group 102/
intersect each other. Here, “the intersecting position” is a
position where the single polarization separation element 775
transmits the parallel light fluxes 755, and reflects the parallel
light fluxes 765 so as to make a single light flux. In this regard,
in FIG. 8, only center light rays of the respective light fluxes
are shown in order not to make the figure complicated. The
polarization separation element 776 has characteristics to
transmit light of a specific polarization (i.e., light of a first
polarization, for example, light of P-polarization) and reflect-
ing the light whose polarization direction is different from the
light of the specific polarization by 90 degrees (i.e., light of a
second polarization, for example, light of S-polarization).
Here, the polarization separation element 775 transmits the
parallel light fluxes 755 (i.e., light of P-polarization) emitted
by the respective light sources 715 of the light source group
102¢ and reflects the parallel light fluxes 765 (i.e., light of
S-polarization) emitted by the respective light sources 7256 of
the light source group 102/

[0142] Therefore, the parallel light fluxes 755 (i.e., the light
of P-polarization) emitted by the respective light sources 715
of the light source group 102¢ pass through the polarization
separation element 775 and reach the transmitting-reflecting
element 88. Moreover, the parallel light fluxes 765 (i.c., the
light of S-polarization) emitted by the respective light sources
72b of the light source group 102f are reflected in the Z
direction by the polarization separation element 776 and
reach the transmitting-reflecting element 88.
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[0143] That is, the parallel light fluxes 755 (i.e., the light of
P-polarization) and the parallel light fluxes 765 (i.e., the light
of S-polarization) are incident on the polarization separation
element 77b. The polarization separation element 775 trans-
mits the parallel light fluxes 755, and reflects the parallel light
fluxes 765 so as to combine the parallel light fluxes 7556 and
the parallel light fluxes 765 on the same light path.

[0144] The second light source unit 1014 includes the light
source groups 102g and 102/. Moreover, the second light
source unit 1014 includes the polarization separation element
87b. The light source group 102g has optical axes in the X
direction, and includes a plurality of light sources 815
arranged in the Z direction. The light source group 102g
corresponds to a first light source group. In FIG. 8, three light
sources 816 are shown. Moreover, the light source group
102/ includes optical axes in the Z direction, and includes a
plurality of light sources 825 arranged in the X direction. The
light source group 102/ corresponds to a second light source
group. In FIG. 8, three light sources 825 are shown.

[0145] The light source 815 emits blue light (i.e., a first
light flux) having a specific polarization (for example, P-po-
larization). The light source 825 emits blue light (i.e., a sec-
ond light flux) having a polarization (for example, S-polar-
ization) whose polarization direction is different from that of
the light source 815. In this regard, In this regard, it is pre-
ferred to use LDs capable of emitting light fluxes with aligned
polarizations as the light sources 815 and 824.

[0146] Three parallelizing lenses 835 are provided on the
emission sides of the respective three light sources 815. The
parallelizing lenses 835 make light fluxes emitted by the light
sources 815 into parallel light fluxes 856. Similarly, three
parallelizing lenses 845 on the emission sides of the respec-
tive three light sources 824. The parallelizing lenses 845
make the light fluxes emitted by the light sources 825 into the
parallel light fluxes 864.

[0147] The polarization separation element 875 is provided
at an intersecting position where the parallel light flux 855
emitted by the light sources 815 of the light source group
102g and the parallel light fluxes 865 emitted by the respec-
tive light sources 824 of the light source group 102/ intersect
each other. Here, the “intersecting position” is a position
where the single polarization separation element 875 trans-
mits the parallel light fluxes 856 and reflects the parallel light
fluxes 864 so as to make a single light flux. The polarization
separation element 875 has the characteristics to transmit
light of a specific polarization (for example, light of P-polar-
ization), and reflecting light having a polarization (for
example, light of S-polarization) whose polarization direc-
tion is different from the light of the specific polarization by
90 degrees. Here, the polarization separation element 875
transmits the parallel light fluxes 856 (i.e., the light of P-po-
larization) emitted by the light source group 102g, and
reflects the parallel light fluxes 865 (i.e., the light of S-polar-
ization) emitted by the light source group 1024.

[0148] Therefore, the parallel light flux 854 (i.e., the light
of P-polarization) emitted by the light source group 102g
transmits the polarization separation element 875 and reaches
the transmitting-reflecting element 88. Moreover, the parallel
light fluxes 865 (i.e., the light of S-polarization) emitted by
the light source group 102/ are reflected in the —-X direction
by the polarization separation element 875 and reaches the
transmitting-reflecting element 88.

[0149] That is, the parallel light fluxes 855 (i.e., light of
P-polarization) and the parallel light fluxes 8654 (i.e., light of
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S-polarization) are incident on the polarization separation
element 87b. The polarization separation element 875 trans-
mits the parallel light fluxes 855, reflects the parallel light
fluxes 865, and combines the parallel light fluxes 855 and the
parallel light fluxes 865 on the same light path.

[0150] The transmitting-reflecting element 88 is provided
at an intersecting position where the light fluxes emitted by
the first light source unit 101¢ and the light fluxes emitted by
the second light source unit 1014 intersect each other. The
“intersecting position” is a position where the single trans-
mitting-reflecting element 88 transmits the light fluxes emit-
ted by the first light source unit 101¢ and reflects the light
fluxes emitted by the second light source unit 1014 so as to
make a single light flux. The transmitting-reflecting element
88 includes transmitting portions that transmit the light fluxes
emitted by the first light source unit 101¢, and the reflecting
portions 885 that reflect the light fluxes emitted by the second
light source unit 101d.

[0151] The transmitting-reflecting element 88 is obtained
by forming reflecting films using dielectric multilayer film,
silver or the like on a transparent plates such as a glass
substrate.

[0152] The light fluxes emitted by the first light source unit
101c¢ transmit the transmitting-reflecting element 88, pro-
ceeds in the +Z direction, and is incident on the condenser
lens 4. The light fluxes emitted by the second light source unit
101d are reflected in the +Z direction by the reflecting portion
885 of the transmitting-reflecting element 88, and is incident
on the condenser lens 4.

[0153] In this way, according to Embodiment 4, the first
light source unit 101¢ is configured so that the light fluxes 755
and 765 emitted by the respective light sources of the light
source groups 102¢ and 102f'are combined by the polariza-
tion separation element 77b. Moreover, the second light
source unit 1014 is configured so that the light fluxes 856 and
864 emitted by the respective light source groups 102g and
102/ by the polarization separation element 875. Further-
more, the light fluxes emitted by the light source units 101c¢
and 1014 are combined by the transmitting-reflecting element
88. Therefore, high brightness can be achieved. Moreover,
light use efficiency can be enhanced.

[0154] Moreover, it is not necessary to adjust a lot of mir-
rors as in the light source device disclosed by Patent Docu-
ment 1, and therefore the complicated adjustment operation
can be eliminated.

[0155] Moreover, in the respective light source units 101¢
and 1014, the light fluxes are combined using the polarization
separation elements 776 and 87b, and therefore the light
fluxes can be combined on the same light path. Thereby, as
was described in Embodiment 3, brightness of the light fluxes
emitted by the respective light sources unit can be nearly
doubled.

[0156] Furthermore, the gaps between the light fluxes emit-
ted by the first light source unit 101¢ are buried by the light
fluxes emitted by the second light source unit 1014 with an
action of the transmitting-reflecting element 88. Therefore,
gaps in the light fluxes reaching the condenser lens 4 are
reduced. Moreover, the light flux that reaches the condenser
lens 4 is in a dense state. Therefore, light use efficiency can be
enhanced.

[0157] Moreover, in the projection-type display apparatus
configured to output green light by irradiating a phosphor
using LD, it is necessary to enhance brightness of the mono-
chromatic LD, as described in Patent Document 1. Since the
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light source device of this Embodiment 4 can enhance light
use efficiency, it becomes possible to achieve high brightness
without increasing the brightness of the light source itself.
[0158] Inthisregard, description has been made of'the case
where all of the light sources emit the light fluxes of the same
color (i.e., the blue light flux). However, this embodiment is
not to such a configuration. It is also possible to use light
sources that emit light fluxes of a plurality of colors, as long
as the polarization directions of the light fluxes emitted by the
light source groups 102¢ and 102f are different from each
other by 90 degrees, and the polarization directions of the
light fluxes emitted by the light source groups 102g and 102/
are different from each other by 90 degrees.

[0159] Moreover, when the light source device emits a light
flux of a single color using light sources emitting light fluxes
of a plurality of colors, for example, a color combination
mirror may be arranged on an emission side of the light source
device 1.

[0160] Inthis regard, in this example, the light sources 715
of the light source group 102¢, the light sources 725 of the
light source group 102f, the light sources 815 of the light
source group 102g, and the light sources 8256 of the light
source group 102 are respectively arranged in a row and three
columns. However, as in Embodiment 2, the light sources can
be arranged in a plurality of rows and a plurality of columns
as in Embodiment 2. With such a configuration, the size of the
light flux in the X direction and the size of the light flux in the
Y direction (i.e., the size in the vertical direction and the size
in the horizontal direction) can be made nearly the same as
each other. Therefore, the light use efficiency is enhanced. For
example, when the light sources are arranged in six rows and
six columns, the light use efficiency becomes higher than
when the light sources are arranged in four rows and nine
columns. Here, the “nearly the same” indicates that the size in
the X direction and the size in the Y direction may not be
exactly the same as each other since, for example, the LD has
different divergence angles in a fast axis direction and in a
slow axis direction.

[0161] Moreover, by making the polarization directions of
the light outputted by the light source groups 102¢, 1027, 102¢g
and 102/ the same as each other, the light source groups 102e,
102/, 102g and 102/ can be made of same components. For
example, it is also possible to provide A/2-phase-difference
plates on immediately rear of the light source groups 102¢ and
102f. The A/2-phase-difference plates rotate the light fluxes
by 90 degrees. With such a configuration, the four light source
groups can be achieved using the same light sources.

Embodiment 5

[0162] Embodiment 5 includes the same components as
that of Embodiment 4 except for configurations of the polar-
ization separation elements 776 and 87b. The polarization
separation elements 775 and 875 described in Embodiment 4
are reflection-type polarization separation elements of a
reflection mode. Generally, a reflection-type polarization
separation element has a reflectance and a transmittance in a
range from 80% to 90%, and therefore there is a comparative
loss of light amount. That is, there is a non-negligible loss of
light amount. In this Embodiment 5, color separation filters
formed of dielectric multilayer films are used as the polariza-
tion so as to reduce the loss of light amount.

[0163] InEmbodiment 5, components except for the polar-
ization separation elements 776 and 876 are the same the
same as those of Embodiment 4. The components except for
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the polarization separation elements 775 and 875 are the light
sources 715, 72b, 815 and 825, the parallelizing lenses 735,
74b, 83b and 845, the transmitting-reflecting elements 88, the
condenser lens 4, the light intensity equalizing element 5, the
relay lens group 6, the image display element 3, the projection
optical system 8, and the screen 9. In this regard, in FIG. 8, the
projection optical system 8 and the screen 9 shown in FIG. 1
are omitted.

[0164] FIG. 9 is a diagram showing transmission charac-
teristics of a blue color separation filter with respect to a
wavelength. A curve 8a shown by a solid line in FIG. 9
represents a light intensity distribution of blue light whose
peak wavelength is 450 nm. In general, a width of a wave-
length band of the blue light of the LD.

[0165] A curve 8p shown by a chain line in FIG. 9 repre-
sents transmission characteristics of a color separation filter
for light of P-polarization. Moreover, a curve 8s shown by a
broken line in FIG. 9 represents transmission characteristics
for light of S-polarization. FIG. 9 shows that the color sepa-
ration filter transmits the light flux of P-polarization having
the wavelength of approximately 460 nm or less, and reflects
the light flux of P-polarization having the wavelength of
approximately 460 nm or longer. FIG. 9 also shows that the
color separation filter transmits the light flux of S-polariza-
tion having the wavelength of approximately 440 nm or less,
and reflects the light flux of P-polarization having the wave-
length of approximately 440 nm or longer. Here, the reason
where it is described that, for example, “the light flux of
approximately 460 nm or less” is that the curve 8p shown by
the alternate long and short dash line is slightly inclined at a
falling part. Numerals such as 460 nm or the like indicate
values where the transmittance is 50%.

[0166] From the characteristics shown in FIG. 9, the color
separation filter transmits the blue light (whose peak wave-
length is 450 nm) of P-polarization, and reflects the blue light
of S-polarization. By using such a color separation filter, the
transmittance of approximately 99% and the reflectance of
approximately 98% can be obtained. Therefore, the light
source device with high light use efficiency is achieved.

[0167] Here, although the peak wavelength of the blue light
is 450 nm, it is also possible to use blue light whose peak
wavelength is 460 nm, and use a color separation filter that
transmits the light of P-polarization whose peak wavelength
is 460 nm, and reflects the light of S-polarization whose peak
wavelength is 460 nm. With such a configuration, it becomes
possible touse light of a longer wavelength side. Moreover, as
compared with the case where the light has the peak wave-
length of 450 nm, it becomes possibleto display a color closer
to blue as when a lamp is used as the light source. In this
regard, the light whose peak wavelength is 450 nm becomes
purply-blue. The above-described color separation filter need
only have characteristics obtained by shifting the character-
istics shown in FIG. 9 to the longer wavelength side by 10 nm.
In this case, the light of P-polarization whose peak wave-
length is 460 nm passes, and the light of S-polarization is
reflected.

[0168] In this regard, the curve 8p representing the trans-
mittance of the light of P-polarization through the color sepa-
ration filter and the curve 8s representing the transmittance of
the light of S-polarization through the color separation filter
are preferably as sharp as possible. Although a difference
between half-value positions of the curve 8p and the curve 8s
is 20 nm in FIG. 9, the difference is not limited to 20 nm. Ifis
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preferable that the difference is larger. The “half-value posi-
tion” is a value of the wavelength when the transmittance is
50%.

[0169] As described above, according to this Embodiment
5, the color separation filters are used as the polarization
separation elements 7756 and 87b (FIG. 8) described with
Embodiment 4. Therefore, the transmittance and reflectance
of'the light flux can be enhanced, and light use efficiency can
further be enhanced.

[0170] Although the LDs emitting blue light have been
described in this Embodiment 5 described LD that emits blue
light, polarization separation can similarly be performed even
when the LD that emits green light or the LD that emits red
light are used.

[0171] Moreover, although the color separation filters are
used as the polarization separation elements 775 and 87b
(FIG. 8) of Embodiment 4, it is possible to use the color
separation filter as the polarization separation element 68
(FIG. 7) of Embodiment 3. In the case of FIG. 7, three light
sources are provided. In this case, the polarization separation
element 68 has color separation filters of different properties
in respective regions corresponding to red light, blue light and
green light. For example, the region corresponding to red
light having the peak wavelength of 640 nm has the charac-
teristics as shown in FIG. 20. The region corresponding to
green light having the peak wavelength at 530 nm has the
characteristics as shown in FIG. 18. The region correspond-
ing to blue light having the peak wavelength at 450 nm has the
characteristics as shown in FIG. 9.

Embodiment 6

[0172] FIG. 10 is a view showing a configuration of a
projection-type display apparatus 7d including a light source
device 111 according to Embodiment 6 of the present inven-
tion. In the projection-type display apparatus 74, components
on the emission side of the light source device are the same as
those of Embodiment 1. The components on the emission side
of the light source device are the condenser lens 4, the light
intensity equalizing element 5, the relay lens group 6, the
image display element 3, the projection optical system 8, and
the screen 9. In this regard, the projection optical system 8 and
the screen 9 shown in FIG. 1 are omitted.

[0173] InEmbodiment 6 is, the transmitting-reflecting ele-
ment 17 of the light source device 1 shown in Embodiment 1
is replaced with the reflecting elements 987, 985 and 98¢
(described later) and the transmitting-reflecting elements
1087, 1085 and 108g (described later). The position of the
light source group 2a of Embodiment 1 is changed to a posi-
tion facing the light source group 112;. In Embodiment 6, the
light source group 112 faces the light source group 112;.
[0174] As shown in FIG. 10, the light source device 111 of
the projection-type display apparatus 7d according to this
Embodiment 6 has the first light source group 112/ and the
second light source group 112;. The first light source group
112/ has optical axes in the X direction. Moreover, the first
light source group 112/ includes a plurality of light sources
917, 916 and 91g arranged in the YZ plane. The second light
source group 1127 has optical axes in the X direction. More-
over, the second light source group 112; includes a plurality
of light sources 92r, 925 and 92¢g arranged in the YZ plane.
[0175] FIG. 11 includes views showing positional relation-
ship of light sources 917, 9156, 91g, 927, 925 and 92g, the
reflecting elements 98~, 985 and 98¢ (described later) and the
transmitting-reflecting elements 1087, 1085 and 108g (de-
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scribed later) as seen from -X side. FIG. 11(A) is a view
showing a positional relationship of the light sources 917, 916
and 91g and the reflecting elements 98, 985 and 98g. FIG.
11(B) is a view showing a positional relationship of the light
sources 927, 92b and 92g and the transmitting-reflecting ele-
ments 1087, 1085 and 108g. In this regard, parallelizing
lenses 947, 945, 94¢g, 1047, 1045 and 104g are omitted, since
they are not necessary in explaining. In FIG. 11, the reflecting
portions Rr are shown by dot patterns. The reflecting portions
Rb are shown by broken stripe patterns. The reflecting por-
tions Rg are shown by grid patterns.

[0176] As shown in FIG. 11(A), the light sources 917, 915
and 91g of'the first light source group 112i are arranged in two
rows in theY direction and in three columns in the Z direction.
In contrast, as shown in FIG. 11(B), the light sources 927, 925
and 92¢g ofthe second light source group 112; are arranged in
three rows in the Y direction and in three columns in the Z
direction (i.e., three rows and three columns).

[0177] As shown in FIG. 10, the parallelizing lenses 94r,
94b and 94g are provided on the respective emission sides
(i.e., the +X direction sides) of the light sources 917, 9156 and
91g of the first light source group 112i. Reflecting elements
987, 985 and 98g are provided on the respective emission
sides (i.e., the +X direction sides) of the parallelizing lenses
94r, 94b and 94g. The reflecting elements 987, 985 and 98¢
reflect parallel light fluxes 1057, 1055 and 105¢ toward the
condenser lens 4. That is, the reflecting elements 987, 985 and
98¢ reflect the parallel light fluxes 1057, 1055 and 105g in the
+Z direction.

[0178] The parallelizing lenses 1047, 1045 and 104g are
provided on the respective emission sides (i.e., the —=X direc-
tion sides) of the light sources 92r, 926 and 92g of the second
light source group 112;. The transmitting-reflecting elements
1087, 1085 and 108g are provided on the respective emission
sides (i.e., the —X direction sides) of the parallelizing lenses
1047, 1045 and 104g. The reflecting elements 1087, 1085 and
108g reflect parallel light fluxes 1067, 1065 and 106g toward
the condenser lens 4. That is, the reflecting portions Rr, Rb
and Rg of'the reflecting elements 1087, 1085 and 108g reflect
the parallel light fluxes 1067, 1065 and 106g in the +Z direc-
tion.

[0179] FIG. 11(A) is a view showing the reflecting ele-
ments 987, 985 and 98¢ as seen from the —X direction. FIG.
11(B) is a view showing the transmitting-reflecting elements
1087, 1085 and 108g as seen from the —X direction. In FIG.
11(A), the respective light sources 917, 915 and 91g of the
first light source group 112i are illustrated so that positional
relationship with the reflecting elements 987, 985 and 98g can
be appreciated. In FIG. 11(B), the respective light sources
92r, 925 and 92¢g of the second light source group 112 are
illustrated so that positional relationship with the transmit-
ting-reflecting elements 1087, 1085 and 108g can be appre-
ciated. The light sources 917, 915, 91g, 927, 925 and 92g are
illustrated by squares with black frames. In this regard, in
FIG.11(B), the light sources 927, 925 and 92g are provided on
backside (i.e., the +X direction side) of the transmitting-
reflecting elements 1087, 1085 and 108g. However, in the
figure, the light sources 927, 926 and 92¢g are shown by solid
line in order to clarify the positional relationship.

[0180] As shown in FIG. 11(A), the reflecting elements
98r, 986 and 98¢ have rectangular shapes elongated in the Y
direction. The reflecting elements 987, 985 and 98g are
arranged at equal intervals in the Z direction.
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[0181] Moreover, as shown in FIG. 10, an end of the trans-
mitting-reflecting element 108g in the —X direction and an
end of the transmitting reflecting element 1086 in the +X
direction are aligned on the X coordinate. Similarly, an end of
the transmitting-reflecting element 1085 in the -X direction
and an end of the transmitting-reflecting element 1087 in the
+X direction are aligned on the X coordinate. Here, the term
“aligned” includes a gap or overlapping due to variations of
components and variations in assembling.

[0182] The reflecting elements 98», 986 and 98g are
obtained by, for example, forming the reflecting portions Rr,
Rb and Rg using reflecting films or the like on the surface of
transparent plates such as glass. The reflecting portions Rr,
Rb and Rg are respectively formed on entire surfaces of the
reflecting elements 987, 986 and 98g.

[0183] As shown in FIG. 11(B), the transmitting-reflecting
elements 1087, 1085 and 108g have rectangular shapes elon-
gated in theY direction. Moreover, the transmitting-reflecting
elements 1087, 1085 and 108g are arranged at equal intervals
in the Z direction.

[0184] The transmitting-reflecting elements 1087, 1085
and 108g are obtained by, for example, forming the reflecting
portions Rr, Rb and Rg using reflecting films or the like on the
surface of transparent plates such as glass. The reflecting
portion Rr, Rb and Rg are formed on regions of the transmit-
ting-reflecting elements 1087, 1085 and 108g on which the
light fluxes emitted by the light sources 927, 926 and 92g are
incident. Regions of the transmitting-reflecting elements
1087, 1085 and 108g where the reflecting portion Rr, Rb and
Rg are not formed correspond to regions that transmit light
fluxes. The “regions that transmit light fluxes™ is transmitting
portions.

[0185] With such a configuration, the parallel light fluxes
1057,1055 and 105¢ emitted by the light sources 917,916 and
915 of the first light source group 112/ are reflected in the +Z
direction by the reflecting elements 987, 985 and 98g, pass
through transmitting-reflecting elements 1087, 1085 and
108g, and are incident on the condenser lens 4.

[0186] Moreover, the parallel light fluxes 1067, 1065 and
106g emitted by the light sources 92, 926 and 92g of the
second light source group 112 are reflected in the +Z direc-
tion by the transmitting-reflecting elements 1087, 1085 and
108g, and are incident on the condenser lens 4.

[0187] FIG. 12 includes diagrams showing a distribution of
the light flux incident on the condenser lens 4. FIG. 12(A) is
a diagram showing a distribution of the light flux incident on
the condenser lens 4 when only the second light source group
112 of the light source groups 112/ and 112/ is used. FIG.
12(B) is a diagram showing a distribution of the light flux
incident on the condenser lens 4 when both of the first light
source group 1127 and the second light source group 112 as
in this Embodiment 6.

[0188] Asshown in FIG. 12(A), when only the second light
source group 112; is used, the red, blue and green light fluxes
1067,1065 and 106g emitted by the light sources 927,926 and
92g (i.e., a total of nine light sources) are incident on an
incident surface of the condenser lens 4. On the incident
surface, the red, blue and green light fluxes 1067, 1065 and
106g emitted by the light sources 927, 926 and 92g are
arranged in three rows in the Y direction and in the three
columns in the X direction (i.e., three rows and three col-
umns). Although the light fluxes 1067, 1065 and 106g are
densely arranged in the X direction, gaps are formed in the Y
direction, and therefore light use efficiency is not good.

Dec. 4, 2014

[0189] In contrast, in this Embodiment 6, the first light
source group 112/ and the second light source group 112; are
used. In this case, the red, blue and green light fluxes 1057,
1055 and 105g emitted by a total of six light sources 91, 916
and 91g are incident so as to fill gaps between the light fluxes
1067, 1065 and 106g in the Y direction. The red, blue and
green light fluxes 1057, 10556 and 105g are arranged in two
rows in the Y direction and three columns in the X direction
(i.e., two rows and three columns). The light fluxes are inci-
dent on the incident surface of the condenser lens 4 with
reduced gaps, light use efficiency can be enhanced.

[0190] As described above, in this Embodiment 6, the light
fluxes emitted by the respective light sources of the first light
source group 1127 and the light fluxes emitted by the respec-
tive light sources of the second light source group 112/ are
combined. Therefore, the gaps between the light fluxes inci-
dent on the incident plane of the condenser lens 4 can be
reduced, and the light source device with high light use effi-
ciency can be achieved.

[0191] Moreover, the first light source group 112/ and the
second light source group 112/ emit the light fluxes in the
mutually opposite directions (i.e., the X direction). However,
the light sources 91, 915 and 91g and the light sources 927,
92b and 92g are arranged in mutually shifted positions in the
Z direction. Therefore, the parallel light fluxes 1057, 10556 and
105g and the parallel light fluxes 1067, 1065 and 106g can be
prevented from reaching opposing light sources. Therefore, it
becomes possible to prevent decrease in lifetime of the light
sources due to heat caused by the light flux emitted by the
opposing light sources.

[0192] Moreover, the light source groups 112/ and 112 are
provided so as to face each other, and therefore the light fluxes
can be densely distributed on the condenser lens 4. For
example, in the first light source group 112i of FIG. 10, the
distribution of the light flux on the condenser lens 4 becomes
dense in the X direction. That is, the light sources 917,915 and
91g of'the first light source group 112; of FIG. 10 are arranged
with gaps. Therefore, the parallel light fluxes 1057, 1056 and
105g have gaps in the Z direction. However, the parallel light
fluxes 1057, 1055 and 105g are reflected by the reflecting
elements 987, 985 and 98¢, and are incident on the condenser
lens 4 so that gaps in the X direction are eliminated. In
contrast, for example, in the case of the first light source group
2a of FIG. 1, gaps are generated between the parallel light
fluxes 157, 156 and 15g in the X direction when the parallel
light fluxes 157, 156 and 15g are incident on the condenser
lens 4. Therefore, when using the same number of light
sources, the widths of the light fluxes condensed onto the
condenser lens can be narrowed in this embodiment 6. There-
fore, the size of the condenser lens 4 can be reduced. That is,
the reflecting elements 987, 985 and 98g do not only have
function to reflect the parallel light fluxes 1057, 1056 and
105g, but also have function to convert the parallel light fluxes
1057, 1055 and 105¢g with gaps into the parallel light fluxes
1057, 1055 and 105g with no gap.

[0193] Inthisregard, inthis Embodiment 6, the optical axes
of the respective light sources of the first light source group
112/ and the optical axes of the respective light sources of the
second light source group 112/ are parallel. However, even
when both optical axes are not parallel, the respective light
sources of both the light source groups 1127 and 112 may be
arranged so that the light fluxes combined by the reflecting
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elements 987, 985 and 98¢ and the transmitting-reflecting
elements 108r, 1085 and 108g proceed to the condenser lens
4.

[0194] Moreover, the reflecting elements 987, 985 and 98¢
have no transmitting portion, and therefore the reflecting
films with high reflectance can be used. Therefore, light use
efficiency can be enhanced.

[0195] Moreover, although the red, blue and green light
sources are used here, the same effect is obtained when a
monochromatic light source is used.

[0196] Moreover, polarization separation elements can be
used as the transmitting-reflecting elements 1087, 1085 and
108g. Inthis case, it is preferred that the polarization direction
of the light fluxes emitted by the respective light sources of
the first light source group 112/ are different from the polar-
ization direction of the light fluxes emitted by the respective
light sources of the second light source group 112/ by 90
degrees. Furthermore, when the polarization directions of the
first light source group 112 and the second light source group
112 are different from each other by 90 degrees, the whole
surfaces of the transmitting-reflecting elements 1087, 1085
and 108g can be used as polarization separation films. With
such a configuration, among the light fluxes 1057, 1055 and
105g emitted by the first light source group 112/, parts of the
light fluxes reflected by the reflecting portions Rr, Rb and Rg
of the transmitting-reflecting elements 1087, 1085 and 108¢g
and failing to enter the condenser lens 4 may reach the con-
denser lens 4. The decrease in light use efficiency when using
the transmitting-reflecting elements 1087, 1085 and 108g is
caused by variations in components, variations in assembling
of a product or the like. If the variations in the components
and the variations in assembling of the product and the like are
taken into consideration, light use efficiency can be made
higher by using the polarization separation elements than
when the transmitting-reflecting element is used. In this case,
if the peak wavelength of the red light is 640 nm, the trans-
mitting-reflecting element 1087 need only have the transmit-
tance characteristics of FIG. 20 throughout the surfaces
thereof. If the peak wavelength of the green light is 530 nm,
the transmitting-reflecting element 108g need only have the
transmittance characteristics of FIG. 18 throughout the sur-
faces thereof. If the peak wavelength of the blue light is 450
nm, the transmitting-reflecting element 1085 need only have
the transmittance characteristics of FIG. 9 throughout the
surfaces thereof.

[0197] Moreover, in this Embodiment 6, as shown in FIG.
11(A), although the light sources 917, 915 and 91g of the first
light source group 112i are arranged by two rows in the Y
direction, the light sources can be arranged in three rows or
more.

[0198] Moreover, if aberration that occurs when the light
flux is incident on a position on the condenser lens 4 farther
from the optical axis is taken into consideration, light use
efficiency can be enhanced by making the light fluxes inci-
dent on the condenser lens 4 at portions closer to the optical
axis C1. Therefore, it is preferred that the number of the light
sources in the X direction and in the Y direction are the same
as each other as shown in FIG. 12(B) when all of the light
sources of the light source groups 112/ and 112; are over-
lapped with each other on the incident surface of the converg-
ing lens 4. Therefore, for example, the arrangement in six
rows and six columns is more preferable than the arrangement
in four rows and nine columns in terms of enhancement of
light use efficiency.
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[0199] Moreover, the first light source group 112i and the
second light source group 112j may be monochromatic light
sources for exciting phosphors. In this case, the phosphors
may be provided on condensing positions of the light fluxes,
and may emit light fluxes of colors (wavelengths) different
from the monochromatic light condensed on the phosphors.

Embodiment 7

[0200] FIG. 13 is a schematic view showing a configuration
of a projection-type display apparatus 7e including a light
source device 1e according to Embodiment 7 of the present
invention. This Embodiment 7 relates to the above described
Embodiment 5.

[0201] In Embodiment 7, a plurality of configurations in
each of which the parallel light fluxes 756 and the parallel
light fluxes 765 of the light source unit 101¢ are combined as
described in Embodiment 4. That is, a color separation filter
317g is provided in a proceeding direction of the light fluxes
emitted by a color separation filter 3175, and combines the
light fluxes 316g. Moreover, a color separation filter 317~ is
provided in a proceeding direction of the light fluxes emitted
by the color separation filter 317g, and combines the light
fluxes 316~

[0202] As shown in FIG. 13, the projection-type display
apparatus 7e according to Embodiment 7 includes the light
source device le, the condenser lens 4, the light intensity
equalizing element 5, the relay lens group 6, the image dis-
play element (light valve) 3, and the projection optical system
(i.e., projection lens) 8. The light source device 1e emits a
light flux. The condenser lens 4 condenses the light flux
emitted by the light source device le. The light intensity
equalizing element 5 equalizes the intensity distribution of
the light flux condensed by the condenser lens 4. The relay
lens group 6 guides the light flux whose intensity is equalized
by the light intensity equalizing element 5 to the image dis-
play element 3. The image display element (i.e., the light
valve) 3 modulates the light flux from the relay lens group 6
based on input picture signal, and converts the light flux into
image light. The projection optical system (i.e., the projection
lens) 8 projects image light on the screen 9 (FIG. 1) in an
enlarged scale. Here, the screen 9 and the projection optical
system 8 shown in FIG. 1 are omitted. The light valves 3 may
be either a reflection type or a transmission type. In the
projection-type display apparatus 7e, components on the
emission side of the light source device are the same as those
of Embodiment 1. The components on the emission side of
the light source device are the condenser lens 4, the light
intensity equalizing element 5, the relay lens group 6, the
image display element 3, the projection optical system 8 and
the screen 9.

[0203] The light source device 1e includes the light source
groups 302a and 3025 (i.e., the first light source group 302a
and the second light source group 3024) that emit blue light,
and light source groups 302g that emit green light (i.e., the
third light source group 302g) and the light source group 3027
that emits red light (i.e., the fourth light source group 302r).
The light source group 3025, the light source group 302g and
the light source group 3027 are arranged in this order from the
-7 direction toward the +Z direction along the Z direction
which is a proceeding direction of the light emitted by the
light source group 302a.

[0204] The light source group 302q includes a plurality of
light sources 3115. Here, the number of the light sources 3115
is three. The respective light sources 3115 emit light of P-po-
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larization. The light sources 3115 emit light fluxes (i.e., blue
light fluxes) whose peak wavelength is approximately 450
nm. The light sources 3115 have optical axes in the Z direc-
tion. The light sources 3115 are arranged in a row in the X
direction. Moreover, parallelizing lenses 3135 are provided
on emission sides of the respective light sources 31156. The
parallelizing lenses 3135 make the light fluxes emitted by the
respective light sources 3115 into the parallel light fluxes
315b. “Approximately 450 nm” means the vicinity of a center
from 440 nm to 460 nm in a range of the transmission char-
acteristics of the color separation filter for the blue light with
respect to the wavelength shown in FIG. 14.

[0205] The light source group 3025 includes a plurality of
light sources 3125. Here, the number of the light sources 3125
is three. The respective light sources 3125 emit light of S-po-
larization. The light sources 3125 emit the light fluxes (blue
light fluxes) whose peak wavelength is approximately 450
nm. The respective light sources 3125 have optical axes in the
X direction. The light sources 3124 are arranged in a row in
the Z direction. Moreover, parallelizing lenses 3145 are pro-
vided on emission sides of the respective light sources 3125.
The parallelizing lenses 3145 make light fluxes emitted by the
respective light sources 3126 into the parallel light fluxes
316b. “Approximately 450 nm” means the vicinity of a center
from 440 nm to 460 nm in a range of the transmission char-
acteristics of the color separation filter for the blue light with
respect to the wavelength shown in FIG. 14.

[0206] The color separation filter 3175 as a polarization
separation element is provided at an intersecting position
where the parallel light fluxes 3155 (i.e., the first light fluxes)
emitted by the respective light sources 3115 of the light
source group 3024 and the parallel light fluxes 3165 (i.e., the
second light fluxes) emitted by the respective light sources
3125 of'the light source group 3025 intersect each other. Here,
the “intersecting position” is a position where the single color
separation filter 3175 transmits the parallel light fluxes 3155
and reflects the parallel light fluxes 3165 so as to make a
single light flux. The color separation filter 3175 transmits the
light of P-polarization from the respective light sources 3115
of the light source group 302a, and reflects the light of S-po-
larization from the respective light sources 3125 of the light
source group 3025. With such a configuration, the blue light
emitted by the light source group 302a, and passing through
the parallelizing lens 3135, and the blue light emitted by the
light source group 3025 and passing through the parallelizing
lens 3144 are combined on the same light path, and proceeds
in the +Z direction. In this way, light use efficiency is
enhanced by combining the light fluxes of the same wave-
length on the same light path.

[0207] Inthis embodiment, the light sources 3115 and 3125
are all blue LDs, and emit the light flux having the same
wavelength band. However, the wavelength bands of the light
flux emitted by the light sources 3116 and 3126 may be
slightly different. That is, the color separation filter 3175
transmits the light fluxes of the light source group 302a (i.e.,
the light sources 3115), and reflects the light fluxes of the light
source group 3025 (i.e., the light sources 31254). In this regard,
the wavelength band of the blue light emitted by the light
sources 3115 and 31254 is a wavelength band whose peak is
approximately 450 nm and whose width is 10 nm or less. The
“approximately 450 nm” means the vicinity of a center from
440 nm to 460 nm in a range of the transmission characteris-
tics of the color separation filter for the blue light with respect
to the wavelength shown in FIG. 14.
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[0208] FIG. 14 is a diagram showing transmission charac-
teristics of the blue color separation filter 3175. A curve 20a
shown by a solid line in FIG. 14 represents a light intensity
distribution of a blue light whose peak wavelength is 450 nm.
A curve 20p shown with a chain line represents transmission
characteristics for light of P-polarization. A curve 20s shown
by a broken line represents transmission characteristics for
light of S-polarization. With such characteristics, the color
separation filter 3175 transmits the light of P-polarization and
reflects the light of S-polarization as described above.
[0209] Referring back to FIG. 13, the light source group
302g has a plurality of light sources 312g. Here, the number
of the light sources 312g is three. Each light source 312g is
constituted by, for example, a green LD, and emits a light flux
(i.e., a green light flux) whose peak wavelength is approxi-
mately 530 nm. The light flux emitted by the light sources
312g is the light of P-polarization or the light of S-polariza-
tion. Each light source 312g has an optical axis in the X
direction. The light sources 312g are arranged in a row in the
Z direction. Moreover, parallelizing lenses 314g are provided
on emission sides of respective light sources 312g. The par-
allelizing lenses 314g makes the light fluxes emitted by the
respective light sources 312g into parallel light fluxes 316g.
In addition, a wavelength band of the green light emitted by
the light sources 312g has a peak of approximately 530 nm,
and a width of 10 nm or less. The “approximately 530 nm”
means that the wavelength is longer than a range (up to 510
nm) of the transmission characteristics of the green color
separation filter with respect to the wavelength shown in FIG.
15.

[0210] A color separation filter 317g as a polarization sepa-
ration element (i.e., a first selective transmission element) is
provided at an intersecting position where the light fluxes
316g (i.e., the third light flux) emitted in the direction of the
-X direction from the respective light sources 312¢g and the
light fluxes combined by the color separation filter 3175 and
proceeding in the +Z direction are combined. Here, the “inter-
section position” is a position where the single color separa-
tion filter 3175 transmits the light fluxes combined by the
color separation filter 3176 and proceeding in the +Z direction
and reflects the light fluxes 316g so at to make a single light
flux.

[0211] The color separation filter 317g reflects the light
fluxes 316g emitted by respective light sources 312g of the
light source group 302g, and transmits the light fluxes com-
bined by the color separation filter 3175 and proceeding in the
+7 direction. The green light emitted by the respective light
sources 312¢g of the light source group 302g and passing
through the parallelizing lenses 314g and the blue light from
the color separation filter 3175 are combined on the same
light path and proceed in the +Z direction.

[0212] FIG. 15 is a diagram showing transmission charac-
teristics of the green color separation filter 317g. A curve 30a
shown by a solid line in FIG. 15 represents a light intensity
distribution of green light whose peak wavelength is 530 nm.
A curve 30p shown by a chain line represents transmission
characteristics for the light of P-polarization. A curve 30s
shown by a broken line represents transmission characteris-
tics for the light of S-polarization. The color separation filter
317g has transmittance of 0% for the light of P-polarization
(i.e., transmission characteristics of the curve 30p) and for the
light of S-polarization (i.e., transmission characteristics of
the curve 30s). That is, the green color separation filter 317¢
transmits the light of P-polarization whose wavelength is 510
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nm or less, and transmits the light of S-polarization whose
wavelength is 490 nm or less. For this reason, the transmit-
tance for the green light whose peak wavelength is 530 nm is
approximately 0%. Therefore, in either case where the light
fluxes (i.e., green light fluxes) of the light source group 302¢
has P-polarization or S-polarization, the green color separa-
tion filter 317g reflects the light fluxes. Moreover, the color
separation filter 317g transmits light flux having the wave-
length 0490 nm or less, and therefore transmits the blue light
from the above described color separation filter 3175. In this
way, the green light from the light source groups 302g and the
blue light from the color separation filter 3175 can be com-
bined on the same optical path.

[0213] In this regard, the characteristics of the color sepa-
ration filter 317g is not limited to the characteristics shown in
FIG. 15. For example, the characteristics of the color separa-
tion filter 317g may be such that the characteristics of the
color separation filter 3175 (FIG. 14) is shifted toward the
longer wavelength side by approximately 20 nm.

[0214] Referring back to FIG. 13, the light source group
3027 includes a plurality of light sources 312r. Here, the
number of the light sources 312~ is three. Each light source
312~ is constituted by, for example, ared LD, and emits a light
flux (i.e., a red light flux) whose peak wavelength is approxi-
mately 640 nm. The light fluxes emitted by the light sources
312rhave P-polarization or light of S-polarization. Each light
source 3127 has an optical axis in the X direction. The light
sources 312r are arranged in a row in the Z direction. More-
over, the parallelizing lenses 3147 are provided on emission
side of the respective light sources 3127. The parallelizing
lenses 314» make the light flux emitted by the respective light
sources 3127 into the parallel light fluxes 316r. In this regard,
the wavelength band of the red light emitted by the light
sources 3127 has a peak of approximately 640 nm, and a
width of 10 nm or less. The “approximately 640 nm” means
that the wavelength is longer than 600 nm a range (up to 600
nm) of the transmission characteristics of the red color sepa-
ration filter with respect to the wavelength shown in FIG. 16.
[0215] A color separation filter 3177 as a polarization sepa-
ration element (i.e., a second selective transmission element)
is provided at an intersecting position where the light fluxes
316~ (i.e., red light fluxes or fourth light fluxes) emitted from
the respective light sources 3127 of the light source group
3027 and the light fluxes (i.e., the blue light fluxes and the
green light fluxes) combined by the above described color
separation filter 317g and proceeding in the +Z direction.
Here, the “intersecting position” is a position where the single
color separation filter 317g transmits the light fluxes com-
bined by the color separation filter 317g and proceeding in the
+7 direction, and reflects the light fluxes 316~ so as to make
a single light flux.

[0216] FIG. 16 is a diagram showing transmission charac-
teristics of the red color separation filter 3177. A curve 40a
shown by a solid line in FIG. 16 represents a light intensity
distribution of red light whose peak wavelength is 640 nm. A
curve 40p shown by a chain line represents transmission
characteristics for the light of P-polarization. A curve 40s
shown by a broken line represents transmission characteris-
tics for the light of S-polarization. The red color separation
filter 317~ transmits the light of P-polarization having the
wavelength of 600 nm or less (i.e., transmission characteris-
tics of the curve 40p) and transmits the light of S-polarization
having the wavelength of 560 nm or less (i.e., transmission
characteristics of the curve 40s). Therefore, in either case
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where the light fluxes (i.e., red light fluxes) of the light source
group 3027 has P-polarization or S-polarization, the red color
separation filter 317~ reflects the light fluxes. Moreover, the
color separation filter 3177 transmits light flux having the
wavelength of 560 nm or less, and therefore transmits the blue
light and green light from the above described color separa-
tion filter 317r. In this way, the red light from the light source
groups 3027 and the blue and green light from the color
separation filter 317g can be combined on the same optical
path.

[0217] In this regard, the characteristics of the color sepa-
ration filter 317~ is not limited to the characteristics shown in
FIG. 16. For example, the characteristics of the color separa-
tion filter 3177 may be such that the characteristics of the
color separation filter 317g (FIG. 15) is shifted toward the
longer wavelength side by approximately 60 nm.

[0218] In this way, in Embodiment 7 of the present inven-
tion, the light source groups 3025, 302g and 3027 are arranged
in the proceeding direction of the light fluxes emitted by the
light source group 302q (i.e., the +Z direction). Further, the
light fluxes of these light source groups 302a, 3025, 302g and
3027 are combined by the color separation filters 3175, 317¢g
and 317r. Therefore, the blue light, the green light and the red
light can be combined efficiently, and high brightness can be
obtained. Moreover, light use efficiency can be enhanced by
use of the color separation filters.

[0219] In this regard, three light source groups 3025, 302¢g
and 3027 (i.e., the second light source group 3025, the third
light source group 302g, and the fourth light source group
302r) are arranged along the proceeding direction of the light
emitted by the light source group 302« (i.e., the first light
source group 302a). However, the number of the arranged
light source groups is not limited to three. The number need
only be one or more.

[0220] In Embodiment 7, the blue light of P-polarization
and the blue light of S-polarization are combined. However, it
is also possible to combine the green light of P-polarization
and the green light of S-polarization. FIG. 17 is a schematic
view of a configuration in such a case. Unlike in FIG. 13, the
light sources 3126 may emit either light of P-polarization or
light of S-polarization. Furthermore, the light sources 3115 of
FIG. 13 are replaced with the light sources 311g emitting the
green light of P-polarization in FIG. 17.

[0221] The color separation filter 317562 has the same char-
acteristics as the color separation filter 4175 shown in FIG. 19
(described later in Embodiment 8). The characteristics of the
color separation filter 4175 (i.e., the color separation filter
31762) is shown in FIG. 22. As shown in FIG. 22, it is
appreciated that the color separation filter 312g has transmit-
tance of 0% for the light of P-polarization and for the light of
S-polarization, and reflects the light. That is, the blue light
(i.e., the parallel light flux 3165) emitted by the light sources
3125 is reflected by the color separation filter 31752. More-
over, the transmittance is 100% for the green light sources
311g whose peak wavelength is 530 nm in either case where
the green light has P-polarization or S-polarization. Here, it is
assumed that the light emitted by the light source 311g has
P-polarization, in consideration of combination by the color
separation filter 317g2. The light fluxes emitted by the light
sources 311g are made into parallel light fluxes by the paral-
lelizing lenses 313g, and pass through the color separation
filter 31752.

[0222] Next, the light as a result of combination of the blue
light and the green light is incident on the color separation



US 2014/0354956 Al

filter 317g2. The green light (i.e., the parallel light fluxes
316g) emitted by the light sources 312g of the light source
group 302g are also incident on the color separation filter
317g2.

[0223] FIG. 18 shows characteristics of the color separation
filter 317g2. A curve 100a shown by a solid line in FIG. 18
represents a light intensity distribution of the blue light whose
peak wavelength is 450 nm. A curve 1005 shown as another
solid line represents a light intensity distribution of a green
light whose peak wavelength is 530 nm. A curve 100p shown
by a chain line represents transmission characteristics for
light of P-polarization. A curve 100s shown by a broken line
represents transmission characteristics for light of S-polar-
ization. Since the color separation filter 317g2 transmits light
whose wavelength is 520 nm or less regardless of polariza-
tion, it is appreciated that the color separation filter 317g2
transmits the blue light. Moreover, the light whose peak
wavelength is 530 nm emitted by the light source 311g has
P-polarization, and therefore passes through the color sepa-
ration filter 317¢2. Furthermore, the light whose peak wave-
length is 530 nm emitted by the light sources 312g is reflected
if the light has S-polarization. Therefore, as for the green
light, it is assumed that the light of the light sources 311g has
P-polarization, and the light of the light sources 312g has
S-polarization. Therefore, the blue light, the green light of
P-polarization and the green light of S-polarization are com-
bined by passing through or being reflected by the color
separation filter 317g2.

[0224] The light combined by the color separation filter
317g2 is incident on the color separation filter 317#. The red
light emitted by the light sources 3127 of the light source
group 302~ (i.e., the parallel light flux 316~) is also incident
on the color separation filter 3177. The configuration of the
color separation filter 317~ is as described in Embodiment 7.
In this way, the red light is further combined by the color
separation filter 317r, and the light of three colors is incident
on the condenser lens 4.

[0225] Inthis regard, the polarization separation element is
used in Embodiment 7 as a selective transmission element.
However, if an arrangement of respective light fluxes is cho-
sen appropriately, a transmitting-reflecting element can be
used as the selective transmission element. That is, the light
source groups 302a and 3025 and the color separation filter
3176 may be replaced with the light source groups 102¢ and
102fand the color separation filter 775 of the light source unit
101¢ shown in FIG. 8 of Embodiment 4. Moreover, it is
conceived that the light source unit 1014 shown in FIG. 8 of
Embodiment 4 is replaced with the light source group 302g.
Then, it is appreciated that replacement of the color separa-
tion filter 317¢ shown in FIG. 13 with the transmitting-re-
flecting element 88 shown in FIG. 8 is easy. However, when
the selective transmission element is used as the transmitting-
reflecting element, the selective transmission element cannot
combine the parallel light fluxes 31554, 3165 and 316g as the
color separation filter can. Therefore, a resulting configura-
tion is that the gaps between the parallel light fluxes 3155 and
3165 are filled with the parallel light fluxes 316g. With such a
configuration, the gaps in the light flux reaching the con-
denser lens 4 can be eliminated. Further, the light flux reach-
ing the condenser lens 4 are in a dense state. Therefore, light
use efficiency can be enhanced.

[0226] Similarly, it is assumed that the light fluxes incident
on the transmitting-reflecting element 88 shown in FIG. 8 of
Embodiment 4 from the —Z direction is replaced with the light
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fluxes incident on the color separation filter 3177 shown in
FIG. 13 from the -Z direction. Moreover, it is assumed that
the light source unit 1014 shown in FIG. 8 of Embodiment 4
is replaced with the light source group 302r. Then, it can be
understood that the color separation filter 3177 shown in FI1G.
13 can be easily replaced with the transmitting-reflecting
element 88 shown in FIG. 8. In this regard, when a selective
transmission element is used as a transmitting-reflecting ele-
ment, the parallel light fluxes 3155, 3165 and 316g and the
parallel light flux 3167 cannot be combined as when the color
separation filter is used. That is, a resulting configuration is
that gaps between the parallel light fluxes 3155, 3165 and
316g are filled with the parallel light fluxes 3167. With such a
configuration, the gaps of the light fluxes that reach the con-
denser lens 4 are eliminated. Moreover, the light fluxes that
reach the condenser lens 4 are in a dense state. Therefore,
light use efficiency can be enhanced.

Embodiment 8

[0227] FIG. 19is a schematic view showing a configuration
of a projection-type display apparatus 7f including a light
source device if according to Embodiment 8 of the present
invention. This Embodiment 8 relates to the above described
Embodiment 7. In Embodiment 7, the light source group
3025, 302g and 302~ are arranged in an order: the light source
group 3025, the light source group 302g and the light source
group 302r, in a descending order of distance from the con-
denser lens 4. In contrast, in Embodiment 8, the light source
group 3025, 302g and 3027 are arranged in an order: the light
source group 302r, the light source group 302g and the light
source group 3025, in a descending order of distance from the
condenser lens 4. In this way, Embodiment 8 shows that the
order of arrangements of the light source groups 3024, 302¢g
and 3027 having the different wavelength bands can be
changed. In the projection-type display apparatus 7f of
Embodiment 8, component on the emission side of the light
source device are the same as those of Embodiment 7 (FIG.
13),i.e., the same as those of Embodiment 1. The components
on the emission side of the light source device are the con-
denser lens 4, the light intensity equalizing element 5, the
relay lens group 6, the image display element 3, the projection
optical system 8, and the screen 9. In this regard, the projec-
tion optical system 8 and the screen 9 shown in FIG. 1 are
omitted.

[0228] The light source device if includes the light source
groups 402a and 4027 that emit red light, and a light source
group 402g that emits green light and the light source group
4025 that emits blue light. The light source group 4027, the
light source group 402g and the light source group 4025 are
arranged in this order from -Z direction toward the +Z direc-
tion along the Z direction. A proceeding direction of the light
emitted by the light source group 4024 is the +Z direction.

[0229] The light source group 402q includes a plurality of
light sources 411r. Here, the number of the light sources 4117
is three. The light sources 4117 emit light of P-polarization.
The light sources 4117 emit the light (i.e., red light) whose
peak wavelength is approximately 640 nm. The light sources
4117 have optical axes in the Z direction. The light sources
4117 are arranged in a row in the X direction. Moreover,
parallelizing lenses 4137 are provided on emission sides (i.e.,
the +Z direction sides) of the respective light sources 411r.
The parallelizing lenses 4137 make the light fluxes emitted by
the light sources 4117 into the parallel light fluxes 4157
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[0230] The light source group 4027 includes a plurality of
light sources 412r. Here, the number of the light sources 4127
is three. The light sources 412~ emit light of S-polarization
whose peak wavelength is approximately 640 nm (i.e., red
light). The light sources 4127 have optical axes in the X
direction. The light sources 412~ are arranged in a row in the
Z direction. Moreover, parallelizing lenses 414r are provided
on emission sides (i.e., the =X direction sides) of the light
sources 412r. The parallelizing lenses 4147 makes light fluxes
emitted by the light sources 412~ into the parallel light fluxes
416r.

[0231] A color separation filter 4177 as a polarization sepa-
ration element is provided at an intersecting position where
the light fluxes 4157 (i.e., a first light flux) emitted by the
respective light sources 4117 of the light source groups 402a
and the light fluxes 4167 (i.e., a second light flux) emitted by
the respective light sources 412~ of the light source group
402 intersect each other. Here, the “intersecting position™ is
a position where the single color separation filter 417 trans-
mits the light fluxes 4157 and reflects the light fluxes 4167 so
as to make a single light flux. The color separation filter 417~
transmits the light of P-polarization from the respective light
sources 411~ of the light source group 4024, and reflects the
light of S-polarization from the respective light sources 4127
of'the light source group 4027. With such a configuration, the
red light emitted by the light source group 402a and passing
through the parallelizing lens 4137, and the red light emitted
by the light source group 4027 and passing through the par-
allelizing lenses 4147 are combined on the same light path,
and proceeds in the +Z direction.

[0232] In this embodiment, both of the light sources 4117
and 412r are red L.Ds, and emit the light fluxes of the same
wavelength band. However, the wavelength bands of the light
fluxes emitted by the light sources 4117 and 4127 may be
slightly different. That is, the color separation filter 4177 need
only be able to transmit the light fluxes of the light source
group 402q (i.e., the light sources 411r), and reflect the light
fluxes of the light source group 402~ (i.e., the light sources
412r).

[0233] FIG. 20 is a view showing transmission character-
istics of the red color separation filter 4177. A curve 60a
shown by a solid line in FIG. 20 represents the light intensity
distribution of a red light with a peak wavelength of 640 nm.
A curve 60p shown by a broken line represents transmission
characteristics for light of P-polarization. The red color sepa-
ration filter 4177 transmits the light of P-polarization having
the wavelength of 620 nm or more. A curve 60s shown by a
chain line represents transmission characteristics for light of
S-polarization. The red color separation filter 4177 transmits
the light of S-polarization having the wavelength of 660 nm or
more. With such characteristics, the color separation filter
4177 transmits the red light of P-polarization whose peak
wavelength is 640 nm, and reflects the red light of S-polar-
ization whose peak wavelength is 640 nm.

[0234] In this regard, in FIG. 20, the transmission charac-
teristics of the color separation filter 417 for the light having
polarization has a width of 20 nm with respective to 640 nm.
However, the width is not limited to £20 nm, but may be +10
nm or less, or may be +20 nm or more. That is, the color
separation filter 417 may have any characteristics as long as
the light fluxes of the light source group 402a and the light
fluxes of the light source group 4027 can be combined.
[0235] Referring back to FIG. 19, the light source group
402g includes a plurality of light sources 412g. Here, the
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number of the light sources 412g is three. Each light sources
412g is constituted by, for example, a green LD, and emits the
light fluxes (i.e., the green light fluxes) whose peak wave-
length is approximately 530 nm. The light fluxes emitted by
the light sources 412g have P-polarization or S-polarization.
The light sources 412g have optical axes in the X direction.
The light sources 412g are arranged in a row in the Z direc-
tion. Moreover, parallelizing lenses 414g are provided on
emission sides (i.e., the =X direction sides) of the respective
light sources 412g. The parallelizing lenses 414g make the
light fluxes emitted by the light sources 416g into parallel
light fluxes.

[0236] The color separation filter 417g as a polarization
separation element (i.e., a first selective transmission ele-
ment) is provided at an intersecting position where the light
fluxes 416g (i.e., the third light flux) emitted by the respective
light sources 412g of the light source group 402g and the light
fluxes combined by the color separation filter 417r and pro-
ceeding in the +Z direction intersect each other. Here, the
“intersecting position” is a position where the single color
separation filter 417g transmits the light fluxes combined by
the color separation filter 417 and proceeding in the +Z
direction, and reflects the light fluxes 416g so as to make a
single light flux.

[0237] Thecolor separation filter 417g reflects the light flux
emitted by 412¢g of each light source of 402g of light source
groups, and transmits the light fluxes combined by the color
separation filter 4177 and proceeding in the +Z direction. The
green light emitted by the respective light sources 412g of the
light source group 402¢g and passing through the parallelizing
lenses 414g is combined with the red light from the color
separation filter 4177 on the same light path, and proceeds in
the +Z direction.

[0238] FIG. 21 is a view showing transmission character-
istics of the green color separation filter 417g. A curve 70a
shown by a solid line in FIG. 21 represents a light intensity
distribution of green light whose peak wavelength is 530 nm.
A curve 70p shown by a dashed line represents transmission
characteristics for light of P-polarization. The color separa-
tion filter 417¢ transmits the light of P-polarization whose
wavelength is 550 nm or more. A curve 70s shown by a chain
line represents transmission characteristics for light of S-po-
larization. The color separation filter 417g transmits the light
of S-polarization whose wavelength is 590 nm or more. The
color separation filter 417g has a transmittance of approxi-
mately 0% for green light whose peak wavelength is 530 nm
in either case where the light has P-polarization (transmission
characteristics of the curve 70p) or S-polarization (transmis-
sion characteristics of the curve 70s). Therefore, even when
the light from of the light source group 402 (i.e., the green
light) has the light of P-polarization or S-polarization, the
light is reflected by the color separation filter 417g. Moreover,
the color separation filter 417g transmits light whose wave-
length is 590 nm or more, and therefore transmits the red light
from the color separation filter 417r. In this way, the green
light from the light source group 402g is combined with the
red light from the color separation filter 417~ on the same light
path.

[0239] In this regard, the characteristics of the color sepa-
ration filter 417g is not limited to the characteristics shown in
FIG. 21. For example, the characteristics of the color separa-
tion filter 417g may be such that the characteristics of the
color separation filter 417~ (FIG. 20) is shifted to the shorter
wavelength side by 40 nm.
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[0240] Returning to FIG. 19, the light source group 4025
includes a plurality of light sources 4124. Here, the number of
the light sources 4126 is three. Each light source 4125 is
constituted by, for example a blue LD, and emits a light flux
having a peak wavelength of approximately 450 nm (i.e., blue
light). The light fluxes emitted by the light sources 41256 have
P-polarization or S-polarization. The light sources 41256 have
optical axes in the X direction. The light sources 4125 are
arranged in a row in the Z direction. Moreover, the parallel-
izing lenses 4145 are provided at emission sides (i.e., the =X
direction side) of the light sources 412b. The parallelizing
lenses 4145 make light fluxes emitted by the respective light
sources 4125 into the parallel light fluxes 4164.

[0241] A color separation filter 4175 as a polarization sepa-
ration element (i.e., a second selective transmission element)
is provided at a position where the light fluxes (i.e., the blue
light fluxes) emitted by the light sources 4124 of the light
source group 4025 and the light fluxes (i.e., the red light fluxes
and the green light fluxes) combined with the color separation
filter 417g described above and proceeding in the +Z direc-
tion intersect each other. Here, the “intersecting position™ is a
position where the single color separation filter 4175 trans-
mits the light fluxes combined by the color separation filter
417g and proceeding in the +Z direction, and reflects the light
fluxes 4164 so as to make a single light flux.

[0242] The color separation filter 4175 reflects the light
fluxes emitted by the respective light sources 4125 of the light
source group 4025 and transmits the light fluxes combined by
the color separation filter 417g and proceeding in the +Z
direction. The blue light emitted by the respective light
sources 4125 of the light source group 4026 and passing
through the parallelizing lens 4145 is combined with the red
light and the green light from the above-described color sepa-
ration filter 417¢, and proceeds in the +Z direction. In this
way, the blue light, the green light and the red light combined
by the color separation filter 4175 are incident on the con-
denser lens 4.

[0243] FIG. 22 is a view showing transmission character-
istics of the blue color separation filter 4175. A curve 80a
shown by a solid line in FIG. 22 represents a light intensity
distribution of blue light whose peak wavelength is of 450
nm. A curve 80p shown by a broken line represents transmis-
sion characteristics for light of P-polarization. The color
separation filter 4175 transmits light of P-polarization having
a wavelength of 470 nm or more. A curve 80s shown by a
chain line represents transmission characteristics for light of
S-polarization. The color separation filter 4175 transmits the
light of S-polarization having a wavelength of 510 nm or
more. The color separation filter 4175 has transmittance of
approximately 0% either in case where the light has P-polar-
ization (i.e., transmission characteristics of the curve 80p) or
S-polarization (i.e., transmission characteristics of 80s of
curves). Therefore, even when the light flux (i.e., the blue
light flux) from the light source group 4025 has P-polariza-
tion or S-polarization, the light flux is reflected. Moreover, the
color separation filter 4175 transmits light having a wave-
length of 510 nm or more, and therefore transmits the red light
and the green light from the color separation filter 417g. In
this way, the blue light from the light source group 4025 is
combined with the red light and the green light from the color
separation filter 417g on the same light path.

[0244] Therefore, according to Embodiment 8, the light
source groups 4027, 402g and 4025 are arranged along the
proceeding direction (i.e., the +Z direction) of the light fluxes
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emitted by the light source group 402a. Moreover, the light
fluxes of the light source groups 402a, 402r, 402g and 4025
are combined by the color separation filters 4177, 417g and
417b. For this reason, the red light, the green light and the blue
light can be combined, and high brightness can be achieved.
Moreover, light use efficiency can be enhanced by use of the
color separation filters 417r, 417g, and 4175.

[0245] Here, three light source groups 4027, 402g and 4025
(i.e., the second light source group 4027, the third light source
group 402g, and the fourth light source group 40254) are
arranged along the proceeding direction (i.e., the +Z direc-
tion) of the light emitted by the light source group 402a (i.e.,
the first light source group). However, the number of the
arranged light source groups is not only three. The number
need only be one or more.

[0246] In this embodiment, description has been made to
the case where the red light of P-polarization of the red light
of'S-polarization were combined. However, it is also possible
to combine the green light of P-polarization and the green
light of S-polarization. FIG. 23 is a schematic view showing
a configuration in that case. Unlike in the light source device
if of FIG. 19, the light sources 4127 may emit either the light
of P-polarization or the light of S-polarization. Furthermore,
in the light source device 1fof FIG. 23, light sources 411g that
emit green light of P-polarization are provided, instead of the
light sources 4117 of the light source device 1f'of FIG. 19.
[0247] The color separation filter 41772 need only have the
same characteristics as that of the color separation filter 317~
(F1G.13) of Embodiment 7. As shown in FIG. 16, the red light
(640 nm) is reflected in either case where the red light has
P-polarization or S-polarization. Furthermore, the green light
411g of P-polarization whose peak wavelength is 530 nm
passes since the wavelength is less than 600 nm or less. That
is, the color separation filter 41772 transmits the green light
emitted by the respective light sources 411g of the light
source group 402a, and reflects the red light emitted by the
respective light sources 412~ of the light source group 40254.
That is, the red light and the green light are combined by the
color separation filter 41772.

[0248] Next, combined light of the red light and the green
light is incident on the color separation filter 417g2. Green
light (i.e., parallel light fluxes 416g) emitted by the respective
light sources 412g of the light source group 402g are also
incident on the color separation filter 417g2.

[0249] FIG. 24 shows characteristics of the color separation
filter 417g2. A curve 101g shown by a solid line in FIG. 24
represents a light intensity distribution of green light whose
peak wavelength is 530 nm. A curve 101p shown by a broken
line represents a transmission characteristics for light of
P-polarization. The color separation filter 417g2 transmits the
light of P-polarization having a wavelength of 510 nm or
more. A curve 101s shown by a chain line represents trans-
mission characteristics for light of S-polarization. The color
separation filter 417g2 transmits the light of S-polarization
having a wavelength of 550 nm or more. Since the color
separation filter 417g2 transmits light having a wavelength of
550 nm or more, the color separation filter 417g2 transmits
the red light. The light of the light sources 411g whose peak
wavelength is 530 nm transmits the color separation filter
4172, since the light has P-polarization. As for the light of
the light sources 412g having the peak wavelength in 530 nm,
the light of S-polarization is reflected by the color separation
filter 417g2. Therefore, the light sources 411g are configured
to emit the light of P-polarization, so that the color separation
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filter 417g2 transmits the green light of the light sources 411g.
The light sources 412g are configured to emit the light of
S-polarization, so that the color separation filter 417g2
reflects the green light of the light sources 412g. Therefore,
the red light, the green light of P-polarization and the green
light of S-polarization are combined.

[0250] The light combined by the color separation filter
417g2 is incident on the color separation filter 4175. Blue
light (i.e., the parallel light fluxes 4165) emitted by the light
source 4125 of the light source group 4025 are also incident
on the color separation filter 4175. The configuration of the
color separation filter 4175 is as described in Embodiment 8.
In this way, the combined red and green light is further com-
bined with the blue light by the color separation filter 4175,
the light of three colors is incident on the condenser lens 4.
[0251] Inthis regard, the polarization separation element is
used as the selective transmission element in Embodiment 8.
However, if an arrangement of respective light fluxes is cho-
sen appropriately, it is also possible to use a transmitting-
reflecting element as the selective transmission element.

Embodiment 9

[0252] FIG. 251s aschematic view showing a configuration
of a projection-type display apparatus 7g including a light
source device 113 according to Embodiment 9 of the present
invention. FIG. 26(A) is a schematic view showing a posi-
tional relationship of light sources and color separation filters
as seen from the —X direction. FIG. 26(B) is a schematic
showing incident positions of light fluxes W1, W2 and W3 on
the condensing lens 4 as seen from +Z direction.

[0253] In the projection-type display apparatus 7g, the
components on the emission side of the light source device
113 are the same as those described in Embodiment 1. The
components on the emission side of the light source device
are components from the condensing lens 4 to the screen 9
shown in FIG. 1. That is, the components on the emission side
of the light source device are the condenser lens 4, the light
intensity equalizing element 5, the relay lens group 6, the
image display element 3, the projection optical system 8, and
the screen 9. In this regard, in FIG. 25, the projection optical
system 8 and the screen 9 are omitted.

[0254] As shown in FIG. 25, the light source device 113 of
the projection-type display apparatus 7g of Embodiment 9
includes a first light source group 114/ and a second light
source group 114j.

[0255] The first light source group 114 have optical axes in
the X direction. The first light source group 114/ includes a
plurality of light sources 17p, 1gp and 15p. Respectively three
light sources 1#p, 1gp and 1bp are arranged in the Y direction
in the YZ plane. That is, three light sources 17p are arranged
in theY direction. Three light sources 1gp are arranged in the
Y direction. Three light sources 1bp are arranged in the Y
direction.

[0256] The second light source group 1145 has optical axes
in the X direction. The second light source group 1145
includes a plurality of light source 2rs, 2gs and 2bs. Respec-
tively three light source 2rs, 2gs and 2bs are arranged in the Y
direction in the YZ plane. That is, the light sources 2rs are
arranged in the'Y direction. The light sources 2gs are arranged
in theY direction. The light sources 2bs are arranged in the Y
direction.

[0257] Here, the light sources 1r7p and the light sources 2rs
are red light sources. The light sources 1gp and light sources
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2gs are green light sources. The light sources 15p and light
sources 2bs are blue light sources.

[0258] The light sources 17p, 1gp and 15p of the first light
source group 114i are arranged in three rows in the Z direction
and in acolumn in the Y direction. Moreover, the light sources
2rs, 2gs and 2bs of the second light source group 1145 are also
arranged in three rows in the Z direction and in a column in the
Y direction. Here, the “row” is a line of the Y direction, and
the “column” is a line of the Z direction.

[0259] Parallelizing lenses 3rp, 3gp and 3bp are provided
on emission sides (i.e., the +X direction sides) of the light
sources 1rp, 1gp and 1bp of the first light source group 114i.
Color separation filters 7rp, 7gp and 7bp are provided on
emission sides (i.e., the +X direction sides) of the paralleliz-
ing lenses 3rp, 3gp and 3bp. The color separation filters 7rp,
7gp and 7hp reflect the parallel light fluxes 5rp, 5gp and 5bp
of'the light sources 1#p, 1gp and 15p in a direction toward the
condenser lens 4 (the +Z direction).

[0260] Moreover, the color separation filters 7rp, 7gp and
7bp transmit light of specific wavelengths. That is, the color
separation filters 7rp, 7gp and 7bp have function to transmit
orreflect light depending on its wavelength. In this regard, the
color separation filters 7rp, 7gp and 7bp may have a polar-
ization separating function. The polarization separating func-
tion is a function to transmit or reflect light depending on its
polarization direction. Moreover, the color separation filter
7rp need only have reflecting function. This is because the
color separation filter Trp reflects the parallel light fluxes 5#p
to the condenser lens 4, and does not transmit other light.
[0261] Parallelizing lenses 4rs, 4gs and 4bs are provided on
emission sides (i.e., the =X direction sides) of the light source
2rs, 2gs and 2bs of the second light source group 114;. Color
separation filters 8rs, 8gs and 8bs are provided on emission
sides (i.e., the —X direction sides) of the parallelizing lenses
4rs, 4gs and 4bs. The color separation filters 87s, 8gs and 8bs
reflect parallel light fluxes 67s, 6gs, and 6bs of the light source
2rs, 2gs and 2bs in the direction toward the condenser lens 4
(the +Z direction). The color separation filters 8rs, 8gs and
8bs have polarization separating function. Moreover, the
color separation filter 87s, 8gs and 8bs transmit light of spe-
cific wavelengths. That is, the color separation filters 8rs, 8gs
and 8bs have function to transmit or reflect light depending on
the polarization direction and the wavelength of the light.
[0262] The color separation filters 7rp, 7gp, 7bp, 8rs, 8gs
and 8bs have plate shapes. The color separation filters 7rp,
7gp and 7bp are provided in parallel to a plane obtained by
rotating the XY plane by 45 degrees clockwise as seen from
the +Y direction. The color separation filters 8rs, 8gs and 8bs
are provided in parallel to a plane obtained by rotating the XY
plane by 45 degrees counterclockwise as seen from the +Y
direction.

[0263] An end surface of the color separation filter Trp in
the +Z direction is connected to an end surface of the color
separation filter 87s in the —Z direction. An end surface of the
color separation filter 8rs in the +Z direction is connected to
an end surface of the color separation filter 7gp in the -Z
direction. An end surface of the color separation filter 7gp in
the +Z direction is connected to an end surface of the -Z
direction of the color separation filter 8gs. The end surface of
the color separation filter 8gs in the +Z direction is connected
to an end surface of the color separation filter 7bp in the -7
direction. An end surface of the color separation filter 7bp in
the +Z direction is connected to an end surface of the color
separation filter 845 in the -7 direction.
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[0264] The respective color separation filters are connected
in this way for the purpose of reducing the size of the light
source device 113 in the Z direction. The respective color
separation filters are not necessarily connected in terms of
superimposing the light fluxes from the respective light
sources. Embodiment 9 will be described using an example of
a configuration advantageous for reducing the size of the light
source device 113.

[0265] Moreover, the color separation filters 7rp, 7gp, 7bp,
8rs, 8gs and 8bs are arranged on the same optical axis. In FIG.
25, the color separation filters 7rp, 7gp, 7bp, 8rs, 8gs and 8bs
are arranged on the optical axis C1. That is, centers on planes
of'the color separation filters 7rp, 7gp, 7bp, 8rs, 8gs and 8bs
are located on the optical axis C1.

[0266] Here, characteristics of the color separation filters
Trp, Tgp, Tbp, 8rs, 8gs and 8bs will be described. The color
separation filter Trp is, for example, a reflecting film that
reflects red light whose peak wavelength is approximately
640 nm. For example, the color separation filter Trp has
transmission characteristics shown in FIG. 16. The color
separation filter of FIG. 16 transmits the light of S-polariza-
tion whose wavelength is 560 nm or less, and reflects the light
of P-polarization whose wavelength is 600 nm or less.
[0267] Thecolorseparation filter 7gp transmits the red light
whose wavelength is approximately 640 nm, and reflects the
green light whose peak wavelength is approximately 530 nm,
for example. For example, the color separation filter 7gp has
the transmission characteristics shown in FIG. 21. The color
separation filter of FIG. 21 reflects the light of S-polarization
whose wavelength is 590 nm or more, and transmits the light
of P-polarization whose wavelength is 550 nm or more.
[0268] Thecolorseparation filter 7bp transmits the red light
whose peak wavelength is approximately 640 nm and the
green light whose peak wavelength is approximately 530 nm,
and reflects the blue light whose peak wavelength is approxi-
mately 450 nm, for example. For example, the color separa-
tion filter 7bp has the transmission characteristics shown in
FIG. 22. The color separation filter of FIG. 22 transmits the
light of S-polarization whose wavelength is 510 nm or more,
and reflects the light of P-polarization whose wavelength is
470 nm or more.

[0269] Moreover, the color separation filter 8#s transmits
the red light of P-polarization whose peak wavelength is
approximately 640 nm, and reflects the red light of S-polar-
ization whose peak wavelength is approximately 640 nm, for
example. For example, the color separation filter 87s has the
transmission characteristics shown in FIG. 20. The color
separation filter of FIG. 20 transmits the light of S-polariza-
tion whose peak wavelength is 660 nm or more, and transmits
the light of P-polarization whose wavelength is 620 nm or
more.

[0270] The color separation filter 8gs transmits the red light
whose peak wavelength is approximately 640 nm, and
reflects the green light of S-polarization, for example. For
example, the color separation filter 8gs has the transmission
characteristics shown in FIG. 24. The color separation filter of
FIG. 24 transmits the light of S-polarization whose wave-
length is 550 nm or more, and transmits the light of P-polar-
ization whose wavelength is 510 nm or more.

[0271] The color separation filter 85s transmits the red light
whose peak wavelength is approximately 640 nm and the
green light whose peak wavelength is approximately 530 nm,
and reflects the blue light of S-polarization whose peak wave-
length is approximately 450 nm. For example, the color sepa-
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ration filter 85s has the transmission characteristics shown in
FIG. 27. The color separation filter of FIG. 27 transmits the
light of S-polarization whose peak wavelength is 460 nm or
more, and transmits the light of P-polarization whose wave-
length is 430 nm or more.

[0272] FIG. 27 is a view showing transmission character-
istics of the color separation filter. A curve 111a shown by a
solid line in FIG. 27 represents a light intensity distribution of
a blue light whose peak wavelength is 450 nm. A curve 111p
shown by a broken line represents transmission characteris-
tics for light of P-polarization. A curve 111 shown by a chain
line represent transmission characteristics for light of S-po-
larization. With such characteristics, the color separation fil-
ter transmits the blue light of P-polarization whose peak
wavelength is 450 nm, and reflects the blue light of S-polar-
ization whose peak wavelength is 450 nm.

[0273] According to the transmission characteristics of the
color separation filter of FIG. 27, the color separation filter
transmits the light whose wavelength is 460 nm or more, and
therefore the color separation filter transmits the red light and
the green light. Moreover, the color separation filter transmits
the light of P-polarization whose wavelength is 430 nm or
more, and therefore the color separation filter transmits the
blue light of P-polarization whose peak wavelength is 450
nm, and reflects the blue light of S-polarization whose peak
wavelength is 450 nm.

[0274] Referring back to FIG. 25, the light source 2rs emits
the light whose polarization direction is different from the
polarization direction of the light of the light source 17p by 90
degrees. The light source 2gs emits the light whose polariza-
tion direction is different from the polarization direction of
the light of the light source 1gp by 90 degrees. The light
source 2bs emits the light whose polarization direction is
different from the polarization direction of the light of the
light source 15p by 90 degrees.

[0275] The parallel light flux 57p emitted by the light
source 1rp is reflected by the color separation filter Trp
toward the condenser lens 4. The parallel light flux 67s emit-
ted by light source 2rs is reflected by the color separation filter
8rs toward the condenser lens 4. The parallel light flux 5#p
reflected by the color separation filter Trp transmits the color
separation filter 8#s based on the polarization direction of the
light. The parallel light fluxes 57p and 6rs correspond to light
of a first wavelength band.

[0276] The Parallel light flux 5gp emitted by the light
source 1gp is reflected by color separation filter 7gp toward
the condenser lens 4. The parallel light flux 6gs emitted by
light source 2gs is reflected by color separation filter 8gs
toward the condenser lens 4. The parallel light flux 5gp
reflected by the color separation filter 7gp transmits the color
separation filter 8gs based on the polarization direction of the
light. The parallel light fluxes Sgp and 6gs correspond to light
of'a second wavelength band. The parallel light fluxes 57p and
67s transmit the color separation filters 7gp and 8gs based on
the wavelength band of the light.

[0277] The parallel light flux 5bp emitted by the light
source 1bp is reflected by color separation filter 7bp toward
the condenser lens 4. The parallel light flux 6bs emitted by
light source 2bs is reflected by color separation filter 8bs
toward the condenser lens 4. The parallel light flux 55p
reflected by the color separation filter 7bp transmits the color
separation filter 855 based on the polarization direction of the
light. The parallel light fluxes 5hp and 6bs correspond to light
of a third wavelength band. The parallel light fluxes 57p and
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67s and the parallel light fluxes Sgp and 6gs pass through the
color separation filters 7bp and 8bs based on the wavelength
band of the light.

[0278] The parallel light flux 5#p, the parallel light flux 6rs
and the parallel light flux 5gp passing through the color sepa-
ration filter 8gs, and the parallel light flux 6gs reflected by the
color separation filter 8gs proceed in the same direction. That
is, the parallel light flux S#p, the parallel light flux 6rs and the
parallel light flux 5gp passing through the color separation
filter 8gs, and the parallel light flux 6gs reflected by the color
separation filter 8gs proceed toward the condenser lens 4.

[0279] Moreover, the parallel light flux 5#p, parallel light
flux 6rs, parallel light flux 5gp, parallel light flux 6gs and
parallel light flux 5bp passing through the color separation
filter 8bs, and the parallel light flux 6bs reflected by the color
separation filter 85s proceed in the same direction. That is,
parallel light flux 57p parallel light flux 6rs, parallel light flux
5gp, parallel light flux 6gs and parallel light flux 5hp passing
through the color separation filter 8bs, and the parallel light
flux 6bs reflected by the color separation filter 86s proceed
toward the condenser lens 4.

[0280] Light source group Z1, Z2 and Z3 shown in FIG.
26(A) are groups obtained by grouping the light sources 17p,
1gp, 1bp, 2rs, 2gs and 2bs based on positions in the Y direc-
tion. Respectively three light sources 1rp, 1gp, 1bp, 2rs, 2gs
and 2bs are arranged in the Y direction.

[0281] The light fluxes 5rp, 5gp, 5bp, 6rs, 6gs and 6bs
emitted by the light sources 1rp, 1gp, 1bp, 2rs, 2gs and 2bs of
the light source group Z1 shown in FIG. 26(A) are reflected
by or pass through the color separation filters Trp, 7gp, 7bp,
8rs, 8gs and 8bs, and proceed in the +Z direction. The posi-
tions of the reflected or transmitted light fluxes 5#p, Sgp, Sbp,
67s, 6gs and 645 in the X direction are the same, and therefore
the light fluxes 57p, 5gp, 5bp, 6rs, 6gs and 6bs are superim-
posed, and form a white light flux W1.

[0282] That is, when the light fluxes 57p, 5gp and 6rs emit-
ted by the light source group Z1 and passing through the color
separation filter 8gs, and the light flux 6gs reflected by the
color separation filter 8gs proceed in the same direction and
are superimposed on each other. Moreover, when the light
fluxes 5rp, Sgp, 5bp, 6rs, 6gs emitted by the light source
group Z1 and passing through the color separation filter 8bs,
and the light flux 65s reflected by the color separation filter
8bs proceed in the same direction and are superimposed on
each other. The superimposed light fluxes form the white light
flux W1.

[0283] Light fluxes Srp, 5gp, 5bp, 6rs, 6gs and 6bs emitted
by the light sources 1rp, 1gp, 1bp, 2rs, 2gs, 2bs of the light
source group 72 shown in FIG. 26(A) are reflected by or pass
through the color separation filter Trp, 7gp, 7bp, 8rs, 8gs and
8bs, and proceed in the +Z direction. Positions of the reflected
or transmitted light fluxes 5#p, 5gp, 5bp, 6rs, 6gs, and 6bs in
the X direction are the same, and therefore the light fluxes
5rp, Sgp, 5bp, 6rs, 6gs and 6bs are superimposed on each
other to form the white light flux W2.

[0284] That is, the light fluxes 5rp, 5gp and 6rs emitted by
the light source group Z2 and passing through the color sepa-
ration filter 8gs, and the light flux 6gs reflected by the color
separation filter 8gs proceeding in the same direction, and are
superimposed on each other. Moreover, the light fluxes 5#p,
5gp, 5bp, 6rs and 6gs, emitted by the light source group 72
and passing through the color separation filter 8bs, and the
light flux 6bs reflected by the color separation filter 8bs pro-
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ceed in the same direction, and are superimposed on each
other. The superimposed light fluxes form the white light flux
Ww2.

[0285] The light fluxes 5rp, 5gp, 5bp, 6rs, 6gs and 6bs
emitted by the light sources 17p, 1gp, 1bp, 2rs, 2gs and 2bs of
the light source group Z3 shown in FIG. 26(A) are reflected
by or pass through the color separation filter Trp, 7gp, 7bp,
8rs, 8gs and 8bs, and proceed in the +7 direction. Positions of
the reflected or transmitted light flux 5rp, Sgp, Sbp, 6rs, 6gs,
and 6bs are the same, and therefore the light fluxes 5#p, 5gp,
5bp, 6rs, 6gs and 6bs are superimposed on each other to form
a white light flux W3.

[0286] That is, the light fluxes 57p, 5gp and 6rs emitted by
the light source group Z3 and passing through the color sepa-
ration filter 8gs, and the light flux 6gs reflected by the color
separation filter 8gs proceed in the same direction, and are
superimposed on each other. Moreover, the light fluxes 5rp,
5gp, 5bp, 6rs and 6gs emitted by the light source group Z3 and
passing through the color separation filter 85, and the light
flux 6bs reflected by the color separation filter 85s proceed in
the same direction, and are superimposed. The superimposed
light fluxes form the white light flux W3.

[0287] Moreover, constant intervals are provided between
the superimposed light fluxes 5rp, Sgp, 6rs and 6gs emitted by
the light source group Z1, the superimposed light fluxes Srp,
5gp, 6rs and 6gs emitted by the light source group 72, and the
superimposed light fluxes 57p, 5gp, 6rs and 6gs emitted by the
light source group Z3. Moreover, constant intervals are pro-
vided the superimposed light flux 57p, 5gp, 5bp, 6rs, 6gs and
6bs emitted by the light source group Z1, the superimposed
light flux 57p, 5gp, 5bp, 6rs, 6gs and 6bs emitted by the light
source group 72, and the superimposed light flux 57p, 5gp,
5bp, 6rs, 6gs and 6bs emitted by the light source group 73.
[0288] Moreover, the light sources of Embodiment 9 are
arranged in the order of the light sources 17p and 2rs, the light
sources 1gp and 2gs, and the light sources 1bp and 2bs from
-7 direction. The light sources 17p and 2rs are light sources
that emit red light. The light sources 1gp and 2gs are light
sources that emit green light. The light sources 15p and 2bs
are light sources that emit blue light.

[0289] However, the light sources that emit red light, the
light sources that emit green light and the light sources that
emit blue light may be arranged in any order. For example, the
light sources may be arranged in the order of the light sources
1bp and 2bs, the light sources 1gp and 2gs, and the light
sources 1rp and 2rs from -7 direction. By appropriately
setting the characteristics of the color separation filter Trp,
7gp, Tbp, 8rs, 8gs and 8bs, the transmission and reflection of
light described in Embodiment 9 can be achieved, and the
same effect can be obtained.

[0290] In this embodiment, three colors, i.e., the red color,
the green color and the blue color can be combined without
expanding the light flux in the X direction as shown in FIG. 25
and FIG. 26(B), and therefore light use efficiency can be
enhanced. The expression “without expanding in the X direc-
tion” means that a width of the light flux incident on the
condenser lens 4 in the X direction on the XY plane is the
same as a width of each of the parallel light fluxes 5rp, 5gp,
5bp, 6rs, 6gs and 6bs in the Z direction on the YZ plane. That
is, it is the same as each of widths of the parallel light fluxes
5rp, Sgp, Sbp, 6rs, 6gs, and 6bs in the Z direction on the YZ
plane.

[0291] Moreover, the expression “light use efficiency is
enhanced” means that brightness of the light flux becomes
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high. This means that high brightness is obtained. The
“brightness” means brightness per unit area. This means
brightness per unit area of a section of the light flux.

[0292] Moreover, in this embodiment, the light sources
1rp, 1gp, 1bp, 2rs, 2gs and 2bs are arranged in the order of the
red light sources 17p and 2rs, the green light sources 1gp and
2gs and the blue light sources 1bp and 2bs from the -Z
direction. However, the same effect is obtained even when the
light sources are arranged in the order of the red light sources
1bp and 2bs, the green light sources 1gp and 2gs and the blue
light sources 17p and 27s from the —Z direction. In such a case,
it is necessary to appropriately set the characteristics of the
color separation filters. The expression “appropriately”
means to be suitable for condition. That is, the characteristics
of'the color separation filters are set according to the arrange-
ments of the light sources.

Embodiment 10

[0293] FIG. 28 is a view showing a configuration of a
projection-type display apparatus 7/ including a light source
device 120 according to Embodiment 10 of the present inven-
tion. FIG. 29 is a schematic view showing a positional rela-
tionship of light sources and color separation filters as seen
from the —X direction. FIG. 30 is a schematic view showing
incident positions of the light fluxes W1, W2a, W3a, Wb,
W2b, W3b, Wlc, W2c¢ and W3c on the condenser lens 4 as
seen from the +Z direction side.

[0294] Inthe projection-type display apparatus 74, compo-
nents on the emission side of the light source device 120 are
the same as those of the components described in Embodi-
ment 1. The components on the emission side of the light
source device are those from the condenser lens 4 to the
screen 9 in FIG. 1. That is, the components on the emission
side of the light source device are the condenser lens 4, the
light intensity equalizing element 5, the relay lens group 6, the
image display element 3, the projection optical system 8 and
the screen 9. In this regard, in FIG. 28, the projection optical
system 8 and the screen 9 are omitted.

[0295] The light source device 120 of Embodiment 10 is
configured to include a plurality of light source devices 113 of
Embodiment 9. In Embodiment 10, three light source units
113a, 1135 and 113c¢ are provided. In FIG. 28, the first light
source unit 113a, the second light source unit 1135, and the
third light source unit 113¢ are arranged from the -7 direction
side.

[0296] As shown in FIG. 28 and FIG. 29, the color separa-
tion filters 7rp, 7gp, 7bp, 8rs, 8gs and 8bs of the second light
source unit 1135 are provided at positions shifted in the -X
direction with respect to the color separation filter 7rp, 7gp,
7bp, 8rs, 8gs and 8bs of the first light source unit 113a. A
shifting amount corresponds to a width in the X direction on
the XY plane of the light flux incident on the condenser lens
4. Moreover, an end of the color separation filter 86s of the
first light source unit 113¢ in the +Z direction is connected to
an end of the color separation filter Trp of the second light
source unit 1135 in the —Z direction are provided in proximate
positions as seen in the X direction.

[0297] The expression “proximate” means a close position.
The expression “proximate” does not necessarily means con-
tacting. Moreover, the expression “proximate” means that a
gap between light fluxes is less than or equal to a width of the
light flux.

[0298] Similarly, the color separation filters 7rp, 7gp, 7bp,
8rs, 8gs and 8bs of the third light source unit 113¢ are pro-
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vided on positions shifted in the =X direction with respect to
the color separation filters 7rp, 7gp, 7bp, 8rs, 8gs and 8bs of
the second light source unit 11356. A shifted amount corre-
sponds to a width in the X direction on the XY plane of the
light flux incident on the condenser lens 4. Moreover, an end
of'the color separation filter 855 of the second light source unit
11354 in the +Z direction and an end of the color separation
filter Trp of the third light source unit 113¢ in the -7 direction
are located in proximate positions as seen in the X direction.
[0299] That is, the color separation filters 7rp, 7gp, 7bp,
8rs, 8gs and 8bs of the second light source unit 1135 are
shifted in the —X direction with respect to the color separation
filters 7rp, 7gp, 7bp, 8rs, 8gs and 8bs of the first light source
unit 113¢ by an amount corresponding to the width of the
parallel light flux. Moreover, the color separation filter 7rp,
7gp, Thp, 8rs, 8gs and 8bs of the third light source unit 113¢
are shifted in the —X direction with respect to the color sepa-
ration filter 7rp, 7gp, 7bp, 8rs, 8gs and 8bs of the second light
source unit 1135 by an amount corresponding to the width of
the parallel light flux.

[0300] The respective light sources 17p, 1gp and 16p of the
first light source unit 1134, the second light source unit 1135
and the third light source unit 113¢ are arranged in the Z
direction without being shifted in the Y direction. The light
source 2rs, 2gs and 2bs of the first light source unit 113a, the
second light source unit 1135 and the third light source unit
113¢ are arranged in the Z direction without being shifted in
the Y direction.

[0301] The three light source units 113a, 1136 and 113¢
have the same configuration except for the positions of the
color separation filters 7rp, 7gp, 7bp, 8rs, 8gs and 8bs in the
X direction. Therefore, a relationship of the light fluxes, the
color separation filters and the condenser lens 4 will be
described taking the case of the light source unit 113a as an
example. Moreover, the color separation filter Trp need only
have reflecting function as in Embodiment 9. This is because
the color separation filter Trp only reflects the parallel light
flux 5rpa toward the condenser lens 4, and does not transmit
other light flux.

[0302] The light source unit 113¢ includes a first light
source group 121/ and a second light source group 121;. The
first light source group 121/ has optical axes in the X direc-
tion, and includes a plurality oflight sources 17p, 1gp and 15p
arranged in the YZ plane. The second light source group 1215
has optical axes in the X direction, and includes a plurality of
light sources 2rs, 2gs and 2bs arranged in the YZ plane.
[0303] The light source 2rs emits the light whose polariza-
tion direction is different from that of the light source 17p by
90 degrees. The light source 2gs emits the light whose polar-
ization direction is different from that of the light source 1gp
by 90 degrees. The light source 2bs emits the light whose
polarization direction is different from that of the light source
1bp by 90 degrees.

[0304] The parallel light flux 5rpa emitted by the light
source 1rp is reflected by the color separation filter Trp
toward the condenser lens 4. The parallel light flux 6rsa
emitted by the light source 2rs is reflected by the color sepa-
ration filter 87s toward the condenser lens 4. The parallel light
flux 5rpa reflected by the color separation filter Trp passes
through the color separation filter 8#s based on the polariza-
tion direction of the light. The parallel light fluxes Srpa and
67sa correspond to light of the first wavelength band.

[0305] The parallel light flux 5gpa emitted by the light
source 1gp is reflected by the color separation filter 7gp



US 2014/0354956 Al

toward the condenser lens 4. The parallel light flux 6gsa
emitted by the light source 2gs is reflected by the color sepa-
ration filter 8gs toward the condenser lens 4. The parallel light
flux 5gpa reflected by the color separation filter 7gp passes
through the color separation filter 8gs based on the polariza-
tion direction of the light. The parallel light fluxes 5gpa and
6gsa correspond to light of the second wavelength band. The
parallel light fluxes 57pa and 6rsa pass through the color
separation filters 7gp and 8gs based on the wavelength band
of the light.

[0306] The parallel light flux 5hpa emitted by the light
source 1bp is reflected by the color separation filter 76p
toward the condenser lens 4. The parallel light flux 6bsa
emitted by light source 2bs is reflected by the color separation
filter 855 toward the condenser lens 4. The parallel light flux
5bpa reflected by the color separation filter 7bp passes
through the color separation filter 85s based on the polariza-
tion direction of the light. The parallel light fluxes 5hpa and
6bsa correspond to light of the third wavelength band. The
parallel light fluxes 57pa and 6rsa and the parallel light fluxes
5gpa and 6gsa pass through the color separation filters 7bp
and 8bs based on the wavelength band of the light.

[0307] The parallel light flux Srpa, the parallel light flux
67sa and the parallel light flux 5gpa passing through the color
separation filter 8gs, and the parallel light flux 6gsa reflected
by the color separation filter 8gs proceed in the same direc-
tion. That is, the parallel light flux 5rpa, the parallel light flux
67sa and the parallel light flux 5gpa passing through the color
separation filter 8gs, and the parallel light flux 6gsa reflected
by the color separation filter 8gs proceed toward the con-
denser lens 4.

[0308] Moreover, the parallel light flux 57pa, the parallel
light flux 6rsa, the parallel light flux 5gpa, the parallel light
flux 6gsa and the parallel light flux 5bpa passing through the
color separation filter 8bs, and the parallel light flux 6bsa
reflected by the color separation filter 85s proceed in the same
direction. That is, the parallel light flux 5rpa, parallel light
flux 6rsa, parallel light flux 5gpa, parallel light flux 6gsa and
parallel light flux 5bpa passing through the color separation
filter 85s, and the parallel light flux 6bsa reflected by the color
separation filter 855 proceed toward the condenser lens 4.
[0309] As shown in FIG. 29, respectively three light
sources 17p and 2rs, respectively three light sources 1gp and
2gs, and respectively three light sources 1bp and 2bs are
arranged in the Y directions. The light source unit 113«
includes three light source groups Z1a, Z2a and Z3a. Each of
the light source groups Zla, Z2a and Z3a includes light
sources lrp, 2rs, 1gp, 2gs, 1bp and 2bs arranged in the Z
direction. The light source 17p, 2rs, 1gp, 2gs, 1bp and 2bs of
each of the light source groups Z1a, Z2a and Z3a have the
same positions in the X direction and the same positions in the
Y direction. The three light source groups Zla, Z2a and Z3a
are arranged in the order of the light source group Zal, the
light source group Z2a and the light source group Z3a from
the +Y direction side toward the —Y direction side.

[0310] In the light source units 113a, the parallel light
fluxes 5rpa, Sgpa, Sbpa, 6rsa, 6gsa and 6bsa emitted by the
light source group Zla are reflected by or pass through the
color separation filters Trp, 7gp, 7bp, 8rs, 8gs and 8bs, and
proceed in the +Z direction. The respective parallel light
fluxes 5rpa, 5gpa, Sbpa, 6rsa, 6gsa and 6bsa form a white
light flux W1la.

[0311] That is, the light fluxes Srpa, Sgpa and 6rsa emitted
by the light source group Zla and passing through the color
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separation filter 8gs, and the light flux 6gsa reflected by the
color separation filter 8gs proceed in the same direction, and
are superimposed on each other. Moreover, the light fluxes
Srpa 5gpa, Shpa, 6rsa and 6gsa emitted by the light source
group Z1a and passing through the color separation filter 8bs,
and the light flux 6bsa reflected by the color separation filter
8bs proceed in the same direction, and are superimposed on
each other. The superimposed light fluxes form the white light
flux Wla.

[0312] Similarly, the parallel light fluxes Srpa, Sgpa, Sbpa,
67sa, 6gsa and 6bsa emitted by the light source group Z2a are
reflected by or pass through the color separation filters 7rp,
7gp, Tbp, 8rs, 8gs and 8bs, and proceed in the +Z direction.
The parallel light fluxes 5rpa, Sgpa, Sbpa, 6rsa, 6gsa and
6bsa are superimposed on each other to form a white light flux
W2a.

[0313] That is, the light fluxes Srpa, Sgpa and 6rsa emitted
by the light source group Z2a and passing through the color
separation filter 8gs, and the light flux 6gsa reflected by the
color separation filter 8gs proceed in the same direction, and
are superimposed on each other. Moreover, the light fluxes
Srpa, Sgpa, Sbpa, 6rsa and 6gsa emitted by the light source
group Z2a and passing through the color separation filter 85s
and the light flux 6bsa reflected by the color separation filter
8bs proceed in the same direction, and are superimposed on
each other. The superimposed light fluxes form the white light
flux W2a.

[0314] Moreover, the parallel light fluxes 5rpa, 5gpa, Sbpa,
67sa, 6gsa and 6bsa emitted by the light source group 73 are
reflected by or pass through the color separation filters 7rp,
7gp, Tbp, 8rs, 8gs and 8bs, and proceed in the +Z direction.
The respective parallel light fluxes Srpa, 5gpa, Sbpa, 6rsa,
6gsa and 6bsa are superimposed on each other, and form a
white light flux W3a.

[0315] That is, the light fluxes Srpa, Sgpa and 6rsa emitted
by the light source group Z3a and passing through the color
separation filter 8gs, and the light flux 6gsa reflected by the
color separation filter 8gs proceed in the same direction, and
are superimposed on each other. Moreover, the light fluxes
Srpa, Sgpa, Sbpa, 6rsa and 6gsa emitted by the light source
group Z3a and passing through the color separation filter 8bs,
and the light flux 6bsa reflected by the color separation filter
8bs proceed in the same direction, and are superimposed on
each other. The superimposed light fluxes form the white light
flux W3a.

[0316] Moreover, there are certain intervals between the
superimposed light fluxes 5rpa, Sgpa, 6rsa and 6gsa emitted
from the light source group Zla, the superimposed light
fluxes 5rpa, Sgpa, 6rsa and 6gsa emitted from the light source
group Z2a and superimposed, and the superimposed light
fluxes 5rpa, Sgpa, 6rsa and 6gsa emitted from the light source
group Z3a. Moreover, there are certain intervals the superim-
posed light fluxes 5rpa, 5gpa, Sbpa, 6rsa, 6gsa and 6bsa
emitted from the light source group Z1la, the superimposed
light fluxes 5rpa, Sgpa, Sbpa, 6rsa, 6gsa and 6bsa emitted
from the light source group Z2a, and the superimposed light
fluxes 5rpa, Sgpa, Shpa, 6rsa, 6gsa and 6bsa emitted from the
light source group Z3a.

[0317] Similarly, in the light source unit 1135, the parallel
light fluxes 5rpb, 5gpb, 5bpb, 6rsb, 6gsb and 6bsb emitted by
the light source group Z1b form a white light flux W1b. The
parallel light flux 5#pb, S5gpb, Sbpb, 6rsb, 6gsb and 6bsb
emitted by the light source groups Z2b form a white light flux
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W2b. The parallel light fluxes 5#pb, Sgpb, 5bpb, 6rsb, 6gsb
and 6bsb emitted by the light source group Z3b form a white
light flux W3b.

[0318] Similarly, in the light source unit 113¢, the parallel
light fluxes Srpc, Sgpc, Sbpe, 6rsc, 6gsc and 6bsc emitted by
the light source group Z1c from a white light flux Wlc. The
parallel light fluxes 5rpc, Sgpc, Sbpc, 6rsc, 6gsc and 6bsc
emitted by the light source group Z2c¢ from a white light flux
W2c. The parallel light fluxes Srpc, 5gpc, Sbpc, 6rsc, 6gsc
and 6bsc emitted by the light source group Z3¢ form a white
light flux W3c.

[0319] In this way, three pairs of the light sources of three
colors (red, green and blue) are arranged in the Y direction,
and each pair includes two light sources (light of S-polariza-
tion and light of P-polarization). Three light fluxes (for
example, the light fluxes W1la, W2a and W3a) incident on the
condenser lens 4 are arranged in the Y direction. Therefore,
one light flux is formed by two light sources for each of the
three colors. In other words, six light fluxes are made into one
white light flux. Further, three units of light fluxes, each unit
including three light fluxes, are arranged in the X direction.
Therefore, the light fluxes incident on the condenser lens 4 are
9 in number, and are arranged in three rows and three col-
umns. That is, the light fluxes emitted by 54 light sources are
integrated into 9 light fluxes, and are incident on the con-
denser lens 4. Therefore, light use efficiency can be enhanced.
[0320] The expression “light use efficiency is enhanced”
means that brightness of the light flux becomes high. This
means that high brightness is obtained. The “brightness”
means brightness per unit area. This means brightness per
unit area of a section of the light flux.

[0321] Moreover, the light sources of Embodiment 10 are
arranged in the order of the light sources 17p and 2rs, the light
sources 1gp and 2gs, and the light sources 1bp and 2bs from
the -7 direction side. The light sources 17p and 2rs are light
sources that emit red light. The light sources 1gp and 2gs are
light sources that emit green light. The light sources 15p and
2bs are light sources that emit blue light.

[0322] However, the light sources that emit red light, the
light sources that emit green light, and the light sources that
emit blue light may be arranged in any order. For example, the
light sources may be arranged in the order of the light sources
1bp and 2bs, the light sources 1gp and 2gs, and the light
sources 17p and 2rs from the —Z direction side. By appropri-
ately setting the characteristics of the color separation filter
Trp, 7gp, 7bp, 8rs, 8gs and 8bs, the transmission and reflec-
tion of light described in Embodiment 10 can be achieved,
and the same effect can be obtained.

Embodiment 11

[0323] FIG. 31 is a view showing a configuration of a
projection-type display apparatus 7 including a light source
device 150 according to Embodiment 11 of the present inven-
tion. FIG. 32 is a schematic view showing a positional rela-
tionship of light sources and color separation filters as seen
from the -X direction side. FIG. 33 is a schematic view
showing incident positions of the light fluxes Wla, W2a,
W3a, Wlb, W2b, W3b, Wlc, W2c and W3c on the condenser
lens 4 as seen from the +Z direction side.

[0324] In the projection-type display apparatus 77, compo-
nents on the emission side of the light source device 150 are
the same as those described in Embodiment 1. The compo-
nents on the emission side of the light source device are
components from the condenser lens 4 to the screen 9 shown
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in FIG. 1. That is, the components on the emission side of the
light source device are the condenser lens 4, the light intensity
equalizing element 5, the relay lens group 6, the image dis-
play element 3, the projection optical system 8, and the screen
9. In FIG. 31, the projection optical system 8 and the screen 9
are omitted.

[0325] The light source device 150 of Embodiment 11 is
configured so that three light source devices 111 of Embodi-
ment 6 are arranged in the Z direction. A first light source unit
160Ra, a second light source unit 160Gb and a third light
source unit 160Bc are arranged in this order from the -7
direction side. A difference from the light source device 111
is that the light source units 160Ra, 160Gb and 160Bc have
light sources of the same color. That is, the light sources 17p,
2rp and 3rp of the first light source unit 160Ra emit the red
light of P-polarization, and light source 1rs, 2rs and 37s emit
the red light of S-polarization. Similarly, the light sources
1gp, 2gp and 3gp of the second light source unit 160Gb emit
the green light of P-polarization, and the light sources 1gs,
2gs and 3gs emit the green light of S-polarization. The light
sources 16p, 2bp and 3bp of the third light source unit 160Bc
emit the blue light of P-polarization, and light sources 1bs,
2bs and 3bs emit the blur light of S-polarization.

[0326] Thefirst light source unit 160Ra includes a first light
source group 1517 and a second light source group 151;. The
first light source group 151/ has optical axes in the X direc-
tion, and includes a plurality of light sources 17p, 2rp and 3rp
arranged in the YZ plane. The second light source group 1515
has optical axes in the X direction, and includes a plurality of
light source 1rs, 2rs and 3rs arranged in the YZ plane.
[0327] The second light source unit 160Gb includes a first
light source group 151/ and a second light source group 151;.
The first light source group 151 has optical axes in the X
direction, and includes a plurality of light sources 1gp, 2gp
and 3gp arranged in the YZ plane. The second light source
group 151; has optical axes in the X direction, and includes a
plurality of light sources 1gs, 2gs and 3gs arranged in the YZ
plane.

[0328] The third light source unit 160Bc includes a first
light source group 151/ and a second light source group 151;.
The first light source group 151 has optical axes in the X
direction, and includes a plurality of light sources 1bp, 2bp
and 3bp arranged in the YZ plane. The second light source
group 1515 includes optical axes in the X direction, and
includes a plurality of light sources 1bs, 2bs and 3bs arranged
in the YZ plane.

[0329] All ofthe six light sources 1#p, 2rp, 3rp, 1rs, 2rs and
3rs of the first light source unit 160Ra emit red light. The light
sources 1rp, 2rp and 3rp emit the light of P-polarization. The
light sources 1rs, 2rs and 3rs emit the light of S-polarization.
The light source 17p, the light source 2#p, the light source 3rp,
the light source 1rs, the light source 2rs and the light source
3rs are respectively three in number and are arranged in the' Y
direction respectively. Therefore, the number of the light
sources is 18.

[0330] All of six light sources 1gp, 2gp, 3gp, 1gs, 2gs and
3gs of the second light source unit 160Gb emit green light.
The light sources 1gp, 2gp and 3gp emit the light of P-polar-
ization. The light sources 1gs, 2gs and 3gs emit the light of
S-polarization. The light source 1gp, the light source 2gp, the
light source 3gp, the light source 1gs, the light source 2gs, and
the light source 3gs are respectively three in number and are
arranged in the Y direction respectively. Therefore, the num-
ber of the light sources is 18.
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[0331] All of six light sources 1bp, 2bp, 3bp, 1bs, 2bs and
3bs of the third light source unit 160Bc emit blue light. The
light source 1bp, 2bp and 3bp emit the light of P-polarization.
The light source 1bs, 2bs and 3bs emit the light of S-polar-
ization. The light source 1bp, the light source 2bp, the light
source 3bp, the light source 1bs, the light source 2bs, and the
light source 3bs are respectively three in number, and are
arranged in the Y direction respectively. Therefore, the num-
ber of the light sources is 18.

[0332] Color separation filters 7rpl, 7rp2, 7rp3, Tgpl,
Tgp2, 7gp3, Tbpl, Tbp2, Tbp3, 8rsl, 8rs2, 8rs3, 8gs1, 8gs2,
8gs3, 8651, 852, and 8bs3 have plate shapes.

[0333] The color separation filters 7rpl, 7rp2, Trp3, Tgpl,
Tgp2,7gp3, 7bpl, Tbp2 and 7hp3 are arranged in parallel to a
plane obtained by rotating the XY plane by 45 degrees clock-
wise as seen from the +Y direction. The color separation
filters 8rs1, 8752, 8753, 8gs1, 8gs2, 8gs3, 8551, 8bs2, and 8553
are arranged in parallel to a plane obtained by rotating the XY
plane by 45 degrees counterclockwise as seen from the +Y
direction.

[0334] Moreover, the color separation filters 7rp1, 7rp2 and
7rp3 need only have reflecting function as in Embodiment 9.
This is because the color separation filters 7rpl, 7rp2 and
7rp3 reflect the parallel light flux 1517p, 152rp and 153#p
toward the condenser lens 4, and does not transmit other light.
[0335] The color separation filters 7rpl, 7rp2 and 7rp3
need only have the same transmission characteristics as the
color separation filter Trp of Embodiment 9 (FIG. 25). The
characteristics of the color separation filter Trp is the charac-
teristics shown in FIG. 16. Moreover, it is also possible that
the color separation filters 7rpl, 7rp2 and 7+p3 are reflecting
films.

[0336] Similarly, the color separation filters 8rs1, 8752 and
8rs3 need only have the same transmission characteristics as
the color separation filter 87s of Embodiment 9 (FIG. 25). The
characteristics of the color separation filter 8rs is the charac-
teristics shown in FIG. 20.

[0337] The color separation filters 7gpl, 7gp2 and 7gp3
need only have the same transmission characteristics as the
color separation filter 7gp of Embodiment 9 (FIG. 25). The
characteristics of the color separation filter 7gp is the charac-
teristics shown in FIG. 21.

[0338] The color separation filter 8gs1, 8gs2 and 8gs3 need
only have the same transmission characteristics as the color
separation filter 8gs of Embodiment 9 (FIG. 25). The charac-
teristics of the color separation filter 8gs is the characteristics
shown in FIG. 24.

[0339] The color separation filter 7bp1, 7bp2 and 7hp3
need only have the same transmission characteristics as the
color separation filter 7bp of the Embodiment 9 (FIG. 25).
The characteristics of the color separation filter 7bp is the
characteristics shown in FIG. 22.

[0340] The color separation filter 8551, 8552 and 8553 need
only have the same transmission characteristics as the color
separation filter 86s of the Embodiment 9 (FIG. 25). The
characteristics of the color separation filter 85s is the charac-
teristics shown in FIG. 27.

[0341] Inthe firstlight source unit 160Ra, an end surface of
the color separation filter 8751 in the —-X direction and an end
surface of the color separating filter 8752 in the +X direction
are aligned on the X coordinate. Similarly, an end surface of
the color separation filter 8752 in the —-X direction and an end
surface of the color separating filter 8753 in the +X direction
are aligned on the X coordinate.
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[0342] Inthe first light source unit 160Ra, an end surface of
the color separation filter 8#s1 in the +Z direction and an end
surface of the color separating filter 7rp2 in the -7 direction
are aligned on the Z coordinate. Similarly, an end surface of
the color separation filter 8752 in the +Z direction and an end
surface of the color separating filter 7rp3 in the -7 direction
are aligned on the ZX coordinate.

[0343] Further, an end surface of the color separation filter
7rpl in the +Z direction and an end surface of the color
separating filter 8#s1 in the —Z direction are connected. An
end surface of the color separation filter 7rp2 in the +Z direc-
tion and an end surface of the color separating filter 8752 in the
-7 direction are connected. Similarly, an end surface of the
color separation filter 7rp3 in the +Z direction and an end
surface of the color separating filter 8753 in the —Z direction
are connected.

[0344] In the second light source unit 160Gb, an end sur-
face of the color separation filter 8gs1 in the —-X direction and
an end surface of the color separating filter 8gs2 in the +X
direction are aligned on the X coordinate. Similarly, an end
surface of the color separation filter 8gs2 in the —X direction
and an end surface of the color separating filter 8gs3 in the +X
direction are aligned on the X coordinate.

[0345] Inthesecondlight source unit 160Ra, an end surface
of the color separation filter 8gs1 in the +Z direction and an
end surface of the color separating filter 7gp2 in the -Z
direction are aligned on the Z coordinate. Similarly, an end
surface of the color separation filter 8gs2 in the +Z direction
and an end surface of the color separating filter 7gp3 in the -7
direction are aligned on the ZX coordinate.

[0346] Further, an end surface of the color separation filter
7gpl in the +7 direction and an end surface of the color
separating filter 8gs1 in the —Z direction are connected. An
end surface of the color separation filter 7gp2 in the +Z
direction and an end surface of the color separating filter 8gs2
in the —Z direction are connected. Similarly, an end surface of
the color separation filter 7gp3 in the +Z direction and an end
surface of the color separating filter 8gs3 in the -7 direction
are connected.

[0347] In the third light source unit 160Bc, an end surface
of the color separation filter 86s1 in the —-X direction and an
end surface of the color separating filter 8552 in the +X
direction are aligned on the X coordinate. Similarly, an end
surface of the color separation filter 8552 in the —X direction
and an end surface of the color separating filter 8553 in the +X
direction are aligned on the X coordinate.

[0348] In the third light source unit 160Bc, an end surface
of the color separation filter 85651 in the +Z direction and an
end surface of the color separating filter 7hp2 in the -Z
direction are aligned on the Z coordinate. Similarly, an end
surface of the color separation filter 8552 in the +Z direction
and an end surface of the color separating filter 76p3 in the -Z
direction are aligned on the ZX coordinate.

[0349] Further, an end surface of the color separation filter
7bp1 in the +7 direction and an end surface of the color
separating filter 8651 in the -7 direction are connected. An
end surface of the color separation filter 7hp2 in the +Z
direction and an end surface of the color separating filter 8552
in the —Z direction are connected. Similarly, an end surface of
the color separation filter 7bp3 in the +Z direction and an end
surface of the color separating filter 8553 in the -7 direction
are connected.
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[0350] Here, the term “aligned” is as described in Embodi-
ment 6. That is, the term “aligned” includes a gap or overlap-
ping due to variations of components and variations in assem-
bling.

[0351] Infirst light source unit 160Ra, the parallel light flux
1517p emitted by the light source 17p in the +X direction and
parallelized by the parallelizing lens is reflected by the color
separation filter 7rpl, proceeds in the +Z direction, and
reaches the condenser lens 4. The parallel light flux 152rp
emitted by the light source 2rp in the +X direction and par-
allelized by the parallelizing lens is reflected by the color
separation filter 7rp2, proceeds in the +Z direction, and
reaches the condenser lens 4. The parallel light flux 1537p
emitted by the light source 37p in the +X direction and par-
allelized by the parallelizing lens is reflected by the color
separation filter 7rp3, proceeds in the +Z direction, and
reaches the condenser lens 4.

[0352] Moreover, the parallel light flux 1517s emitted by
the light source 17s in the —X direction and parallelized by the
parallelizing lens is reflected by the color separation filter
8rs1, proceeds in the +Z direction, and reaches the condenser
lens 4. The parallel light flux 152rs emitted by the light source
2rs in the —X direction and parallelized by the parallelizing
lens is reflected by the color separation filter 8752, proceeds in
the +Z direction, and reaches the condenser lens 4. The par-
allel light flux 153#s emitted by the light source 3rs in the =X
direction and parallelized by the parallelizing lens is reflected
by the color separation filter 8753, proceeds in the +Z direc-
tion, and reaches the condenser lens 4.

[0353] Insecond light source unit 160Gb, the parallel light
flux 151gp emitted by the light source 1gp in the +X direction
and parallelized by the parallelizing lens is reflected by the
color separation filter 7gp1, proceeds in the +Z direction, and
reaches the condenser lens 4. The parallel light flux 152gp
emitted by light source 2gp in the +X direction and parallel-
ized by the parallelizing lens is reflected by the color separa-
tion filter 7gp2, proceeds in the +Z direction, and reaches the
condenser lens 4. The parallel light flux 153gp emitted by the
light source 3gp in the +X direction and parallelized by the
parallelizing lens is reflected by the color separation filter
7gp3, proceeds in the +Z direction, and reaches the condenser
lens 4.

[0354] Moreover, the parallel light flux 151gs emitted by
the light source 1gs in the —X direction and parallelized by the
parallelizing lens is reflected by the color separation filter
8gs1, proceeds in the +Z direction, and reaches the condenser
lens 4. The parallel light flux 152gs emitted by the light source
2gs in the =X direction and parallelized by the parallelizing
lens is reflected by the color separation filter 8gs2, proceeds in
the +Z direction, and reaches the condenser lens 4. The par-
allel light flux 153gs emitted by the light source 3gs in the =X
direction and parallelized by the parallelizing lens is reflected
by the color separation filter 8gs3, proceeds in the +Z direc-
tion, and reaches the condenser lens 4.

[0355] In third light source unit 160Bc, the parallel light
flux 1515p emitted by the light source 15p in the +X direction
and parallelized by the parallelizing lens is reflected by the
color separation filter 76p1, proceeds in the +Z direction, and
reaches the condenser lens 4. The parallel light flux 15256p
emitted by the light source 2bp in the +X direction and par-
allelized by the parallelizing lens is reflected by the color
separation filter 7bp2, proceeds in the +Z direction, and
reaches the condenser lens 4. The parallel light flux 15354p
emitted by the light source 3bp in the +X direction and par-
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allelized by the parallelizing lens is reflected by the color
separation filter 76p3, proceeds in the +Z direction, and
reaches the condenser lens 4.

[0356] Moreover, the parallel light flux 151bs emitted by
the light source 155 in the - X direction and parallelized by the
parallelizing lens is reflected by the color separation filter
8bs1, proceeds in the +7 direction, and reaches the condenser
lens 4. The parallel light flux 15255 emitted by the light source
2bs in the —X direction and parallelized by the parallelizing
lens is reflected by the color separation filter 8552, proceeds in
the +Z direction, and reaches the condenser lens 4. The par-
allel light flux 15355 emitted by the light source 3bs in the =X
direction and parallelized by the parallelizing lens is reflected
by the color separation filter 8553, proceeds in the +Z direc-
tion, and reaches the condenser lens 4.

[0357] Three light source units 160Ra, 160Gb and 160Bc
are different from each other in the following two points.
First, transmission characteristics and reflection characteris-
tics ofthe color separation filter 7rpl, 7rp2, 7rp3, 7gpl, 7gp2,
7gp3, Tbpl, Tbp2, Thp3, 8rsl, 8rs2, 8rs3, 8gs1, 8gs2, 8gs3,
8bs1, 8652 and 8bs3 are different from each other.

[0358] Second, light sources 1rp, 2rp, 3rp, 1rs, 2rs, 3rs,
1gp, 2gp, 3gp, 1gs, 2gs, 3gs, 1bp, 2bp, 3bp, 1bs, 2bs and 3bs
emit light of different colors.

[0359] The first light source unit 160Ra includes the light
sources 1rp, 2rp, 3rp, 1rs, 2rs and 3rs that emits red light. The
second light source unit 160Gb includes the light sources 1gp,
2gp, 3gp, 1gs, 2gs, and 3gs that emits green light. The third
light source unit 160Bc¢ includes light sources 1bp, 2bp, 3bp,
1bs, 2bs and 3bs that emits blue light.

[0360] In this regard, the light sources that emit light of
different colors may have different inner configurations. The
light source units 160Ra, 160Gb and 160Bc¢ have the same
configuration except for the above described two differences.
Therefore, a relationship of the light fluxes, the color separa-
tion filters and the condenser lens 4 will be described taking
the case of the light source device 160Ra as an example.
[0361] As shown in FIG. 32, the light source 1rp, 1rs, 2rp,
2rs, 3rp and 3rs are respectively three in number and arranged
in the Y direction respectively. The first light source unit
160Ra includes the three light source groups Zla, Z2a and
Z3a. Each of the light source groups Zla, Z2a and Z3a
includes light sources 17p, 1rs, 2rp, 2rs, 3rp and 3rs arranged
in the Z direction. The light sources 1rp, 1rs, 2rp, 2rs, 3rp and
3rs of each of the light source groups Zla, Z2a and Z3a have
the same position in the X direction, and have the same
position in the Y direction.

[0362] In first light source unit 160Ra, the parallel light
fluxes 151rp, 151rs, 152rp, 152rs, 1537p and 153rs emitted
by the light source group Zla and parallelized by the paral-
lelizing lenses are reflected by or pass through the color
separation filters 7rpl, 8rs1, 7rp2, 8rs2, 7Trp3 and 8753, and
proceed in the +Z direction.

[0363] The parallel light fluxes 1517p and 151rs are super-
imposed to form a red light flux, and proceed to the position
Wla on the condenser lens 4. The parallel light fluxes 152#p
and 152rs are superimposed to form a red light flux, and
proceed to the position W1b on the condenser lens 4. The
parallel light fluxes 1537p and 153rs are superimposed to
form a red light flux, and proceed to the position Wlc on the
condenser lens 4.

[0364] Similarly, the parallel light fluxes 1517p, 151rs,
152rp, 152rs, 1537p and 153rs emitted by the light source
group Z2a and parallelized by the parallelizing lenses are
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reflected by or pass through the color separation filters 7rp1,
8rs1, Trp2, 8rs2, Trp3 and 8rs3, and proceed in the +Z direc-
tion.

[0365] The parallel light flux 1517p and 151rs are superim-
posedto form a red light flux, and proceed to the position W2a
of the condenser lens 4. The parallel light fluxes 152rp and
152rs are superimposed to form a red light flux, and proceed
to the position W2b on the condenser lens 4. The parallel light
fluxes 153rp and 153rs are superimposed to form a red light
flux, and proceed to the position W2c on the condenser lens 4.
[0366] Moreover, the parallel light fluxes 151r7p, 151rs,
152rp, 152rs, 1537p and 153rs emitted by the light source
group Z3a and parallelized by the parallelizing lenses are
reflected by or pass through the color separation filters 7rp1,
8rs1, Trp2, 8rs2, Trp3 and 8rs3, and proceed in the +Z direc-
tion.

[0367] The parallel light fluxes 1517p and 151rs are super-
imposed to form a red light flux, and proceed to the position
W3a on the condenser lens 4. The parallel light fluxes 152#p
and 152rs are superimposed to form a red light flux, and
proceed to the position W3b on the condenser lens 4. The
parallel light fluxes 1537p and 153rs are superimposed to
form a red light flux, and proceed to the position W3¢ on the
condenser lens 4.

[0368] Insecond light source unit 160Gb, the parallel light
fluxes 151gp, 151gs, 152gp, 152gs, 153gp and 153gs emitted
by the light source group Z1b and parallelized by the paral-
lelizing lenses are reflected by or pass through the color
separation filter 7gp1, 8gs1, 7gp2, 8gs2, 7gp3 and 8gs3, and
proceed in the +Z direction.

[0369] The parallel light fluxes 151gp and 151gs are super-
imposed to form a green light flux, and proceed to the position
Wla on the condenser lens 4. The parallel light fluxes 152gp
and 152gs are superimposed to form a green light flux, and
proceed to the position W1b on the condenser lens 4. The
parallel light fluxes 153gp and 153gs are superimposed to
form a green light flux, and proceed to the position Wlc on the
condenser lens 4.

[0370] Similarly, the parallel light fluxes 151gp, 151gs,
152gp, 152gs, 153gp and 153gs emitted by the light source
group Z2b and parallelized by the parallelizing lenses are
reflected by or pass through the color separation filter 7gp1,
8gs1, Tgp2, 8gs2, 7gp3 and 8gs3, and proceed in the +7Z
direction.

[0371] The parallel light fluxes 151gp and 151gs are super-
imposed to form a green light flux, and proceed to the position
‘W2a on the condenser lens 4. The parallel light fluxes 152gp
and 152gs are superimposed to form a green light flux, and
proceed to the position W2b on the condenser lens 4. The
parallel light fluxes 153gp and 153gs are superimposed to
form a green light flux, and proceed to the position W2c on the
condenser lens 4.

[0372] Similarly, the parallel light fluxes 151gp, 151gs,
152gp, 152gs, 153gp and 153gs emitted by the light source
group Z3b and parallelized by the parallelizing lenses are
reflected by or pass through the color separation filters 7gp1,
8gs1, Tgp2, 8gs2, 7gp3 and 8gs3, and proceed in the +7Z
direction.

[0373] The parallel light fluxes 151gp and 151gs are super-
imposed to form a green light flux, and proceed to the position
W3a on the condenser lens 4. The parallel light fluxes 152gp
and 152gs are superimposed to form a green light flux, and
proceed to the position W3b on the condenser lens 4. The
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parallel light fluxes 153gp and 153gs are superimposed to
form a green light flux, and proceed to the position W3c on the
condenser lens 4.

[0374] In third light source unit 160Bc, the parallel light
fluxes 151bp, 151bs,152bp, 152bs,153bp, and 153 bs emitted
by the light source group Z1c and parallelized by the paral-
lelizing lenses are reflected by the color separation filters
7bp1,8bs1,7bp2,8bs2, 7hp3 and 8bs3, and proceed in the +7
direction.

[0375] The parallel light fluxes 1515p and 151bs are super-
imposed to form a blue light flux, and proceed to the position
Wla on the condenser lens 4. The parallel light fluxes 1525p
and 152bs are superimposed to form a blue light flux, and
proceed to the position W1b on the condenser lens 4. The
parallel light fluxes 153bp and 153bs are superimposed to
form a blue light flux, and proceed to the position Wlc on the
condenser lens 4.

[0376] Similarly, the parallel light fluxes 1515p, 151bs,
152b6p, 152bs, 153bp, and 153bs emitted by the light source
group Z2¢ and parallelized by the parallelizing lenses are
reflected by or pass through the color separation filters 76p1,
8bs1, 7hp2, 8bs2, 7bp3 and 8bs3, and proceed in the +7Z
direction.

[0377] The parallel light fluxes 1515p and 151bs are super-
imposed to form a blue light flux, and proceed to the position
‘W2a on the condenser lens 4. The parallel light fluxes 1525p
and 152bs are superimposed to form a blue light flux, and
proceed to the position W2b on the condenser lens 4. The
parallel light fluxes 153bp and 153bs are superimposed to
form a blue light flux, and proceed to the position W2c¢ on the
condenser lens 4.

[0378] Similarly, the parallel light fluxes 1515p, 151bs,
152b6p, 152bs, 153bp and 153bs emitted by the light source
group Z3c parallelized by the parallelizing lenses are
reflected by or pass through the color separation filters 76p1,
8bs1, 7hp2, 8bs2, 7bp3 and 8bs3, and proceed in the +7Z
direction.

[0379] The parallel light fluxes 1515p and 151bs are super-
imposed to form a blue light flux, and proceed to the position
‘W3a on the condenser lens 4. The parallel light fluxes 1525p
and 152bs are superimposed to form a blue light flux, and
proceed to the position W3b on the condenser lens 4. The
parallel light fluxes 153bp and 153bs are superimposed to
form a blue light flux, and proceed to the position W3c on the
condenser lens 4.

[0380] The light source group Zla, the light source group
Z1b and the light source group Z1c¢ have the same positions in
the X direction and have the same position in the Y direction.
The light source group Z1a, the light source group Z1b and
the light source group Z1c are arranged in the Z direction at a
line. The light source group Z1la, the light source group Z1b
and the light source group Z1c are arranged in this order from
the —-Z direction side to the +Z direction side.

[0381] The light source group Z2a, the light source group
Z.2b and the light source group Z2c have the same position in
the X direction and have the same position in the Y direction.
The light source group Z2a, the light source group Z2b and
the light source group Z2c are arranged in the Z direction. The
light source group Z2a, the light source group Z2b and the
light source group Z2c¢ are arranged in this order form the -Z
direction side to the +Z direction side.

[0382] The light source group Z3a, the light source group
Z3b and the light source group Z3c have the same position in
the X direction and have the same position in the Y direction.
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The light source group Z3a, the light source group Z3b and
the light source group Z3c are arranged in the Z direction. The
light source group Z1a, the light source group Z3b and the
light source group Z3c are arranged in this order from the -Z
direction side to the +Z direction side.

[0383] The expression “the respective light sources have
the same positions in the X direction” means that the positions
of the corresponding light sources in the X direction are the
same. The expression “corresponding light sources” means
the light source 1rp, the light source 1gp and the light source
1bp. It also means the light source 1rs, the light source 1gs
and the light source 15s. It also means the light source 27p, the
light source 2gp and the light source 2bp. It also means the
light source 2rs, the light source 2gs and the light source 2bs.
Italso means the light source 37p, the light source 3gp and the
light source 3bp. It also means the light source 3rs, the light
source 3gs and the light source 3bs.

[0384] Theparallel light fluxes 1517p and 1517s of the light
source group Z1a, the parallel light fluxes 151gp and 151gs of
the light source group Z1b, and the parallel light fluxes 1515p
and 151bs of the light source group Z1c are superimposed on
each other to form a white light flux, and proceed to the
position Wla on the condenser lens 4.

[0385] Theparallel light fluxes 1527p and 15275 of the light
source group Z1a, the parallel light fluxes 152gp and 152gs of
the light source group Z1b, and the parallel light flux 15254p
and 152bs of the light source group Z1c are superimposed on
each other to form a white light flux, and proceed to the
position W1b on the condenser lens 4.

[0386] The parallel light fluxes 1537p and 15375 of the light
source group Z1a, the parallel light fluxes 153gp and 153gs of
the light source group Z1b, and the parallel light fluxes 1535p
and 153bs of the light source group Z1c are superimposed on
each other to form a white light flux, and proceed to the
position Wlc on the condenser lens 4.

[0387] Theparallel light fluxes 1517p and 1517s of the light
source group Z2a, the parallel light fluxes 151gp and 151gs of
the light source group Z2b, and the parallel light fluxes 1515p
and 151bs of the light source group Z2c are superimposed on
each other to form a white light flux, and proceed to the
position W2a on the condenser lens 4.

[0388] The parallel light fluxes 1527p and 15275 of the light
source group Z2a, the parallel light fluxes 152gp and 152gs of
the light source group Z2b, and the parallel light fluxes 15256p
and 152bs of the light source group Z2c are superimposed on
each other to form a white light flux, and proceed to the
position W2b on the condenser lens 4.

[0389] The parallel light fluxes 1537p and 1537s of the light
source group Z2a, the parallel light fluxes 153gp and 153gs of
the light source group Z2b, and the parallel light fluxes 1535p
and 153bs of the light source group Z2c are superimposed on
each other to form a white light flux, and proceed to the
position W2c on the condenser lens 4.

[0390] The parallel light fluxes 1517p and 1517s of the light
source group Z3a, the parallel light fluxes 151gp and 151gs of
the light source group Z3b, and the parallel light fluxes 1515p
and 151bs of the light source group Z3c are superimposed on
each other to form a white light flux, and proceed to the
position W3a on the condenser lens 4.

[0391] The parallel light fluxes 1527p and 15275 of the light
source group Z3a, the parallel light fluxes 152gp and 152gs of
the light source group Z3b, and the parallel light fluxes 15256p
and 152bs of the light source group Z3c are superimposed on
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each other to form a white light flux, and proceed to the
position W3b of the condenser lens 4.

[0392] Theparallel light fluxes 1537p and 1537s of the light
source group Z3a, the parallel light fluxes 153gp and 153gs of
the light source group Z3b, and the parallel light fluxes 1535p
and 153bs of the light source group Z3c are superimposed on
each other to form a white light flux, and proceed to the
position W3c of the condenser lens 4.

[0393] The configuration of Embodiment 11 has been
described. Here, description will be made of that the configu-
ration of Embodiment 11 corresponds to a modification of
Embodiment 9. That is, the configuration of Embodiment 11
corresponds to a configuration in which three configurations
of Embodiment 9 are arranged in the X direction.

[0394] The light source 17s emits the light whose polariza-
tion direction is different from the light source 1rp by 90
degrees. The light source 2rs emits the light whose polariza-
tion direction is different from the light source 2rp by 90
degrees. The light source 3rs emits the light whose polariza-
tion direction is different from the light source 3»p by 90
degrees.

[0395] Similarly, the light source 1gs emits the light whose
polarization direction is different from the light source 1gp by
90 degrees. The light source 2gs emits the light whose polar-
ization direction is different from the light source 2gp by 90
degrees. The light source 3gs emits the light whose polariza-
tion direction is different from the light source 3gp by 90
degrees.

[0396] Similarly, the light source 1bs emits the light whose
polarization direction is different from the light source 16p by
90 degrees. The light source 2bs emits the light whose polar-
ization direction is different from the light source 2bp by 90
degrees. The light source 3bs emits the light whose polariza-
tion direction is different from the light source 3bp by 90
degrees.

[0397] The parallel light flux 1517p emitted by the light
source 1rp is reflected by the color separation filter 7rpl
toward the condenser lens 4. The parallel light flux 151rs
emitted by light source 1rs is reflected by the color separation
filter 8751 toward the condenser lens 4. The parallel light flux
1517p reflected by the color separation filter 7rpl passes
through the color separation filter 87s1 based on the polariza-
tion direction of the light. The parallel light fluxes 1517p and
151rs correspond to light of the first wavelength band.
[0398] The parallel light flux 151gp emitted by light source
1gp is reflected by the color separation filter 7gp1 toward the
condenser lens 4. The parallel light flux 151gs emitted by
light source 1gs is reflected by the color separation filter 8gs1
toward the condenser lens 4. The parallel light flux 151gp
reflected by the color separation filter 7gp1 passes through the
color separation filter 8gs1 based on the polarization direction
of the light. The parallel light fluxes 151gp and 151gs corre-
spond to light of the second wavelength band. The parallel
light fluxes 1517p and 15175 pass through the color separation
filters 7gp1 and 8gs1 based on the wavelength band of the
light.

[0399] The parallel light flux 1515p emitted by light source
1bp is reflected by the color separation filter 75p1 toward the
condenser lens 4. The parallel light flux 15155 emitted by
light source 1bs is reflected by the color separation filter 8551
toward the condenser lens 4. The parallel light flux 1515p
reflected by the color separation filter 7bp1 passes through the
color separation filter 8551 based on the polarization direction
of the light. The parallel light fluxes 1515p and 151bs corre-
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spond to light of the third wavelength band. The parallel light
fluxes 1517p and 15175 and the parallel light fluxes 151gp and
151gs pass through the color separation filters 75p1 and 8551
based on the wavelength band of the light.

[0400] The parallel light flux 1517p, the parallel light flux
151rs and the parallel light flux 151gp passing through the
color separation filter 8gs1, and the parallel light flux 151gs
reflected by the color separation filter 8gs1 proceed in the
same direction. That is, the parallel light flux 1517p, the
parallel light flux 1517s and the parallel light flux 151gp
passing through the color separation filter 8gs1, and the par-
allel light flux 151gs reflected by the color separation filter
8gs1 proceed toward the condenser lens 4.

[0401] Moreover, the parallel light flux 151#p, the parallel
light flux 151rs, the parallel light flux 151gp, the parallel light
flux 151gs and the parallel light flux 151bp passing through
the color separation filter 8651, and the parallel light flux
151bs reflected by the color separation filter 8551 proceed in
the same direction. That is, the parallel light flux 1517p, the
parallel light flux 151rs, the parallel light flux 151gp, the
parallel light flux 151gs and the parallel light flux 1515p
passing through the color separation filter 8651 and the par-
allel light flux 151bs reflected by the color separation filter
8bs1 proceed toward the condenser lens 4.

[0402] The same can be said for the light sources 2rp, 2rs,
2gp, 2gs, 2bp and 2bs.

[0403] The parallel light flux 152»p emitted by the light
source 2rp is reflected toward the condenser lens 4 by the
color separation filter 7rp2. The parallel light flux 15275 emit-
ted by light source 2rs is reflected by the color separation filter
8rs2 toward the condenser lens 4. The parallel light flux 152#p
reflected by the color separation filter 77p2 passes through the
color separation filter 8752 based on the polarization direction
of the light. The parallel light fluxes 1527p and 152rs corre-
spond to light of the first wavelength band.

[0404] The parallel light flux 152gp emitted by the light
source 2gp is reflected toward the condenser lens 4 by the
color separation filter 7gp2. The parallel light flux 152gs
emitted by light source 2gs is reflected by the color separation
filter 8gs2 toward the condenser lens 4. The parallel light flux
152gp reflected by the color separation filter 7gp2 passes
through the color separation filter 8gs2 based on the polariza-
tion direction of the light. The parallel light fluxes 152gp and
152gs correspond to light of the second wavelength band. The
parallel light fluxes 152rp and 152rs pass through the color
separation filters 7gp2 and 8gs2 based on the wavelength
band of the light.

[0405] The parallel light flux 1525p emitted by the light
source 2bp is reflected by the color separation filter 76p2
toward the condenser lens 4. The parallel light flux 152bs
emitted by the light source 2bs is reflected by the color sepa-
ration filter 8552 toward the condenser lens 4. The parallel
light flux 15256p reflected by the color separation filter 75p2
passes through the color separation filter 8552 based on the
polarization direction of the light. The parallel light fluxes
152bp and 152bs correspond to light of the third wavelength
band. The parallel light fluxes 1527p and 152rs, the parallel
light fluxes 152gp and 152gs pass through the color separa-
tion filters 7bp2 and 8552 based on the wavelength band of the
light.

[0406] The parallel light flux 152rp, the parallel light flux
152rs and the parallel light flux 152gp passing through the
color separation filter 8gs2, and the parallel light flux 152gs
reflected by the color separation filter 8gs2 proceed in the
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same direction. That is, the parallel light flux 152p, the
parallel light flux 15275 and the parallel light flux 152gp
passing through the color separation filter 8gs2, and the par-
allel light flux 152gs reflected by the color separation filter
8gs2 proceed toward the condenser lens 4.

[0407] Moreover, the parallel light flux 152#p, the parallel
light flux 152rs, the parallel light flux 152gp, the parallel light
flux 152gs and the parallel light flux 152bp passing through
the color separation filter 8652, and the parallel light flux
152bs reflected by the color separation filter 8552 proceed in
the same direction. That is, the parallel light flux 1527p, the
parallel light flux 152rs, the parallel light flux 152gp, the
parallel light flux 152gs and the parallel light flux 1525p
passing through the color separation filter 8552, and the par-
allel light flux 152bs reflected by the color separation filter
8bs2 proceed toward the condenser lens 4.

[0408] The same can be said for the light sources 3p, 3rs,
3gp, 3gs, 3bp, and 3bs.

[0409] The parallel light flux 1537p emitted by light source
3#p is reflected by the color separation filter 7rp3 toward the
condenser lens 4. The parallel light flux 1537s emitted by light
source 3rs is reflected by the color separation filter 8753
toward the condenser lens 4. The parallel light flux 1537p
reflected by the color separation filter 77p3 passes through the
color separation filter 8753 based on the polarization direction
of the light. The parallel light fluxes 1537p and 153#s corre-
spond to light of the first wavelength band.

[0410] The parallel light flux 153gp emitted by light source
3gp is reflected by the color separation filter 7gp3 toward the
condenser lens 4. The parallel light flux 153gs emitted by the
light source 3gs is reflected by the color separation filter 8gs3
toward the condenser lens 4. The parallel light flux 153gp
reflected by the color separation filter 7gp3 passes through the
color separation filter 8gs3 based on the polarization direction
of the light. The parallel light fluxes 153gp and 153gs corre-
spond to light of the second wavelength band. The parallel
light fluxes 1537p and 153rs pass through the color separation
filters 7gp3 and 8gs3 based on the wavelength band of the
light.

[0411] The parallel light flux 1535p emitted by light source
3bp is reflected by the color separation filter 76p3 toward the
condenser lens 4. The parallel light flux 15355 emitted by
light source 3bs is reflected by the color separation filter 8553
toward the condenser lens 4. The parallel light flux 1535p
reflected by the color separation filter 75p3 passes through the
color separation filter 8553 based on the polarization direction
of the light. The parallel light fluxes 1535p and 153bs corre-
spond to light of the third wavelength band. The parallel light
fluxes 1537p and 1537s and the parallel light fluxes 153gp and
153gs pass through the color separation filter 76p3 and 8553
based on the wavelength band of the light.

[0412] The parallel light flux 153p, the parallel light flux
153rs and the parallel light flux 153gp passing through the
color separation filter 8gs3, and the parallel light flux 153gs
reflected by the color separation filter 8gs3 proceed in the
same direction. That is, the parallel light flux 1537p, the
parallel light flux 153rs and the parallel light flux 153gp
passing through the color separation filter 8gs3, and the par-
allel light flux 153gs reflected by the color separation filter
8gs3 proceed toward the condenser lens 4.

[0413] Moreover, the parallel light flux 153#p, the parallel
light flux 153rs, the parallel light flux 153gp, the parallel light
flux 153gs and the parallel light flux 1535p pass through the
color separation filter 8553, and the parallel light flux 1535bs
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reflected by the color separation filter 8553 proceed in the
same direction. That is, the parallel light flux 1537p, the
parallel light flux 153rs, the parallel light flux 153gp, the
parallel light flux 153gs and the parallel light flux 15354p
passing through the color separation filter 8553, and the par-
allel light flux 153bs reflected by the color separation filter
8b53 proceed toward the condenser lens 4.

[0414] The light fluxes 1517p, 151gp and 1517s emitted by
the light source groups Z1a and Z1b and passing through the
color separation filter 8gs1, and the light flux 151gs reflected
by the color separation filter 8gs1 proceed in the same direc-
tion. Moreover, the light fluxes 1517p, 151gp, 15156p, 151rs
and 151gs emitted by the light source groups Zla, Z1b and
Z1c and passing through the color separation filter 85651, and
the light flux 1515bs reflected by the color separation filter
8b51 proceed in the same direction, and are superimposed on
each other. The superimposed light fluxes form the white light
flux Wla.

[0415] The light fluxes 1517p, 151gp and 1517s emitted by
the light source groups Z2a and 7Z2b and passing through the
color separation filter 8gs1, and the light flux 151gs reflected
by the color separation filter 8gs1 proceed in the same direc-
tion. Moreover, the light flux 1517p, 151gp, 151bp, 151rs and
151gs emitted by the light source groups Z2a, Z2b and 72¢
and passing through the color separation filter 8551, and the
light flux 151bs reflected by the color separation filter 85s1
proceed in the same direction, and are superimposed on each
other. The superimposed light fluxes form the white light flux
W2a.

[0416] The light fluxes 1517p, 151gp and 1517s emitted by
the light source groups Z3a and Z3b and passing through the
color separation filter 8gs1, and the light flux 151gs reflected
by the color separation filter 8gs1 proceed in the same direc-
tion. The light fluxes 1517p, 151gp, 1515p, 151rs and 151gs
emitted by the light source groups Z3a, Z3b and Z3c and
passing through the color separation filter 8551, and the light
flux 151bs reflected by the color separation filter 8551 pro-
ceed in the same direction, and are superimposed on each
other. The superimposed light fluxes form the white light flux
W3a.

[0417] The light fluxes 152rp, 152gp and 152rs emitted by
the light source groups Z1a and Z1b and passing through the
color separation filter 8gs2, and the light flux 152gs reflected
by the color separation filter 8gs2 proceed in the same direc-
tion. Moreover, the light fluxes 152rp, 152gp, 152bp, 152rs
and 152gs emitted by the light source groups Zla, Z1b and
Z1c and passing through the color separation filter 8552, and
the light flux 152545 reflected by the color separation filter
8b52 proceed in the same direction, and are superimposed on
each other. The superimposed light fluxes form the white light
flux W1b.

[0418] The light fluxes 152rp, 152gp and 152rs emitted by
the light source groups Z2a and 7Z2b and passing through the
color separation filter 8gs2, and the light flux 152gs reflected
by the color separation filter 8gs2 proceed in the same direc-
tion. Moreover, the light fluxes 152rp, 152gp, 152bp, 152rs
and 152gs emitted by the light source groups Z2a, Z2b and
Z2c¢ and passing through the color separation filter 8552, and
the light flux 152545 reflected by the color separation filter
8b52 proceed in the same direction, and are superimposed on
each other. The superimposed light fluxes form the white light
flux W2b.

[0419] The light fluxes 152rp, 152gp and 152rs emitted by
the light source groups Z3a and Z3b and passing through the
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color separation filter 8gs2, and the light flux 152gs reflected
by the color separation filter 8gs2 proceed in the same direc-
tion. Moreover, the light fluxes 152rp, 152gp, 152bp, 152rs
and 152gs emitted by the light source groups Z3a, Z3b and
Z3c and passing through the color separation filter 8552, and
the light flux 152545 reflected by the color separation filter
8bs2 proceed in the same direction, and are superimposed on
each other. The superimposed light fluxes form the white light
flux W3b.

[0420] The light fluxes 1537p, 153gp and 1537s emitted by
the light source groups Z1a and Z1b and passing through the
color separation filter 8gs3, and the light flux 153gs reflected
by the color separation filter 8gs3 proceed in the same direc-
tion. Moreover, the light flux 1537p, 153gp, 153bp, 153rs and
153gs emitted by the light source groups Zla, Z1b and Z1c
and passing through the color separation filter 8653, and the
light flux 153bs reflected by the color separation filter 8553
proceed in the same direction, and are superimposed on each
other. The superimposed light fluxes form the white light flux
Wile.

[0421] The light fluxes 1537p, 153gp and 1537s emitted by
the light source groups Z2a and Z2b and passing through the
color separation filter 8gs3, and the light flux 153gs reflected
by the color separation filter 8gs3 proceed in the same direc-
tion. Moreover, the light flux 1537p, 153gp, 153bp, 153rs and
153gs emitted by the light source groups Z2a, 7Z2b and 7Z2c,
and passing through the color separation filter 8553, and light
flux 153bs reflected by the color separation filter 8553 pro-
ceed in the same direction, and are superimposed on each
other. The superimposed light fluxes form the white light flux
Wlc.

[0422] The light fluxes 1537p, 153gp and 1537s emitted by
the light source groups Z3a and Z3b and passing through the
color separation filter 8gs3, and the light flux 153gs reflected
by the color separation filter 8gs3 proceed in the same direc-
tion. Moreover, the light fluxes 153rp, 153gp, 153bp, 153rs
and 153gs emitted by the light source groups Z3a, Z3b and
Z3c and passing through the color separation filter 8553, and
the light flux 153bs reflected by the color separation filter
8bs3 proceed in the same direction, and are superimposed on
each other. The superimposed light fluxes form the white light
flux W3c.

[0423] Moreover, the superimposed light fluxes 152#p,
152rs, 152gp, 152gs, 152bp and 152bs emitted by the light
source groups Zla, Z1b and Zlc (i.e., light fluxes at the
position of the light flux W1b in FIG. 30) are proximate to the
superimposed light fluxes 1517p, 151rs, 151gp, 151gs, 1515p
and 151bs emitted by the light source groups Zla, Z1b and
Zlc (i.e., the light fluxes in the position of the light flux Wla
in FIG. 30) and the superimposed light fluxes 153rp, 153rs,
153gp, 153gs, 153bp and 153bs emitted by the light source
groups Zla, Z1b and Z1c (i.e., the light fluxes in the position
of the light flux Wlc in FIG. 30).

[0424] The superimposed light fluxes 152rp, 152rs, 152gp,
152gs, 152bp and 152bs emitted by the light source groups
Z2a, 72b and 72c (i.e., the light fluxes in the position of the
light flux W2b in FIG. 30) are proximate to the superimposed
light fluxes 151rp, 151rs, 151gp, 151gs, 151bp and 151bs
emitted by the light source groups Z2a, Z2b and Z2c¢ (i.e., the
light fluxes in the position of the light flux W2a in FIG. 30)
and the superimposed light fluxes 153rp, 153rs, 153gp,
153gs, 153bp and 153bs emitted by the light source groups
Z2a, 72b and 72c (i.e., the light fluxes in the position of the
light flux W2c in FIG. 30).
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[0425] The superimposed light fluxes 152#p, 152rs, 152gp,
152gs, 152bp and 152bs emitted by the light source groups
Z3a, 73b and Z3c (i.e., the light fluxes in the position of light
flux W3b in FIG. 30) are proximate to the superimposed light
fluxes 151rp, 151rs, 151gp, 151gs, 151bp, 151bs emitted by
the light source groups Z3a, Z3b and Z3c (i.e., the light fluxes
in the position of light flux W3a in FIG. 30) and the superim-
posed light fluxes 1537p, 153rs, 153gp, 153gs, 153bp and
153bs emitted by the light source groups Z3a, Z3b and Z3c
(i.e., the light fluxes in the position of light flux W3¢ in FIG.
30).

[0426] Moreover, the light flux W1b is proximate to the
light flux W1a and the light flux W lc. Similarly, the light flux
W2b is proximate to the light flux W2a and the light flux W2c.
The light flux W3b is proximate to the light flux W3a and the
light flux W3c.

[0427] The expression “proximate” means a close position.
The expression “proximate” does not necessarily means con-
tacting. Moreover, the expression “proximate” means that a
gap between light fluxes is less than or equal to a width of the
light flux.

[0428] Moreover, the respective light sources of Embodi-
ment 11 are arranged in the order of the light sources 17p and
1rs, the light sources 1gp and 1gs, and the light sources 15p
and 1bs from the —Z direction side. However, the light sources
that emit red light, the light sources that emit green light, and
the light sources that emit blue light may be arranged in any
order. For example, the respective light sources may be
arranged in the order of the light sources 16p and 1bs, the light
sources 1gp and 1gs, and the light source 17p and 1rs from the
-7 direction side.

[0429] Similarly, the respective light sources of Embodi-
ment 11 are arranged in the order of the light sources 2rp and
2rs, the light sources 2gp and 2gs, and the light sources 2bp
and 2bs from the —Z direction side. However, the light sources
that emit red light, the light sources that emit green light, and
the light sources that emit blue light may be arranged in any
order. For example, the respective light sources may be
arranged in the order of the light sources 26p and 2bs, the light
sources 2gp and 2gs, and the light sources 2rp and 2rs from
the —-Z direction side.

[0430] Similarly, the respective light sources of Embodi-
ment 11 are arranged in the order of the light sources 3rp and
3rs, the light sources 3gp and 3gs, and the light sources 3bp
and 3bs from the —Z direction side. However, the light sources
that emit red light, the light sources that emit green light, and
the light sources that emit blue light may be arranged in any
order. For example, the respective light sources may be are
arranged in the order of the light sources 36p and 3bs, the light
sources 3gp and 3gs, and the light source 37p and 3rs from the
-7 direction side.

[0431] The light sources 1#p, 1rs, 2rp, 2rs, 3rp and 3rs are
light sources that emit red light. The light sources 1gp, 1gs,
2gp, 2gs, 3gp and 3gs are light sources that emit green light.
The light sources 1bp, 1bs, 2bp, 2bs, 3bp and 3bs are light
sources that emit blue light. By appropriately setting the
characteristics of the color separation filters 7rpl, 7rp2, 7rp3,
Tgpl, 7gp2, 7gp3, Tbpl, Thp2, Tbp3, 8rsl, 8rs2, 8rs3, 8gs1,
8gs2, 8gs3, 8551, 8552 and 8553, the transmission and reflec-
tion of the light described with Embodiment 11 can be
achieved, and the same effect can be obtained.

[0432] Next, the light source unit 160Ra will be described.
The light sources 17p, 2rp and 3rp emit light fluxes 1517p,
152rp and 1537p. The light sources 1rs, 2rs and 3rs emit light
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fluxes 151rs 152rs and 153rs whose polarization directions
are different from the light fluxes 151rp, 152rp and 153rp by
90 degrees.

[0433] The color separation filters 7rp1, 7rp2 and 7rp3 are
color separation filters that reflect light fluxes 151rp, 152#p
and 153rp. The color separation filters 7rpl, 7rp2 and 7rp3
have plate shapes.

[0434] The color separation filters 87s1, 8752 and 8#s3 are
color separation filters that transmit the light fluxes 1517p,
152rp and 1537p, and reflect the light fluxes 151rs, 152rs and
153rs based on the polarization direction of the light. The
color separation filters 8#s1, 8752 and 8753 have plate shapes.
In this regard, the color separation filters 7rp1, 7rp2 and 7rp3
need only have reflecting function as described above.
[0435] Modules including the light sources 1#p, 2rp and
3rp, the light sources 1rs, 2rs and 3rs, and the color separation
filters 7rpl, 7rp2, Trp3, and the color separation filters 8rs1,
8rs2 and 8753 are referred to as light source modules.
[0436] In the light source modules, ends of the color sepa-
ration filters 7rp1, 7rp2 and 7rp3 and ends of the color sepa-
ration filters 8rs1, 8#s2 and 8rs3 are connected so that sur-
faces of the color separation filters 7rp1, 7rp2 and 7rp3, and
surfaces of the color separation filters 851, 8752 and 8753
form an angle other than 180 degrees and 0 degree. This angle
is 90 degrees in Embodiment 11.

[0437] The light fluxes 151rp, 152rp and 1537p are
reflected by the surfaces of the color separation filters 7rp1,
7rp2 and 7rp3 whose angles with the color separation filters
8rs1, 8752 and 8753 are smaller than 180 degrees. The light
fluxes 1517p, 152rp and 153#p are incident on the surfaces of
the color separation filters 8751, 8752 and 8rs3 whose angles
with the color separation filters 7rpl, 7rp2 and 7rp3 are
smaller than 180 degrees, and pass through the color separa-
tion filters 8rs1, 8752 and 8rs3.

[0438] The light fluxes 151rs, 152rs and 15375 are reflected
by the surfaces of the color separation filters 8»s1, 8752 and
8rs3 whose angles with the surfaces of the color separation
filters 7rp1, 7rp2 and 7rp3 are larger than 180 degrees.
[0439] The light source modules emit the light fluxes
1517p, 152rp and 153rp passing through the color separation
filters 8rs1, 8752 and 8753, and the light fluxes 151rs, 152rs
and 153rs reflected by the surfaces of the color separation
filters 8rs1, 8752 and 8#s3 so that the light fluxes proceed in
the same direction.

[0440] The light source unit 160Ra includes a plurality of
light source modules. A plurality of light source modules are
arranged so that directions where the light sources 1rp, 2rp,
and 3rp are located with respect to the color separation filters
Trpl, Trp2, and 7rp3 of the respective light source modules
are the same. Further, a plurality of light source modules are
arranged so that directions where the light sources 1rs, 2rs
and 3rs are located with respect to the color separation filters
8rs1, 8752 and 8rs3 of the respective light source modules are
the same.

[0441] Among the light source modules, the color separa-
tion filters 7rp1, 7rp2 and 7rp3 and the color separation filters
8rs1, 8rs2 and 8rs3 of one light source module are shifted
toward the light sources 1rp, 2rp, 3rp and the light sources
1rs, 2rs and 3rs of the one light source module are located,
with respect to the color separation filters 7rp1, 7rp2 and 7rp3
and the color separation filters 8#s1, 8752 and 8753 of another
light source module.

[0442] Moreover, the light sources 1#p, 2rp and 3rp and the
light sources 1rs, 2rs and 3rs emit the light of the same
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wavelength band. Similarly, the light sources 1gp, 2gp and
3gp and the light sources 1gs, 2gs and 3gs emit the light of the
same wavelength band. The light sources 1bp, 2bp and 3bp
and the light sources 1bs, 2bs and 3bs emit the light of the
same wavelength band.

[0443] Since the light source device 150 is constituted as
described above, the red parallel light fluxes passing through
the condenser lens 4 form nine red parallel light fluxes
arranged in the XY plane as seen from the +Z direction side.
Nine green parallel light fluxes are arranged in the XY plane.
Nine blue parallel light fluxes are arranged in the XY plane.
Three parallel light fluxes from the respective light sources
are arranged in the X direction in the XY plane, and three
parallel light fluxes are arranged in the Y direction in the XY
plane. Nine light fluxes of the respective colors are combined,
and therefore nine white parallel light fluxes are arranged in
the XY plane. That is, as shown in FIG. 33, the parallel light
fluxes arranged in three rows and three columns pass through
the condenser lens 4.

[0444] With such a configuration, the light fluxes of two
light sources of each of 3 colors (i.e., a total of six light
sources) is combined, and white light fluxes are generated.
Three white light fluxes are arranged in the X direction and
three white light fluxes are arranged in the Y direction. There-
fore, nine light fluxes arranged in three rows and three col-
umns enters into the condenser lens 4. That is, 54 light sources
are integrated into 9 light fluxes, and are incident on the
condenser lens 4. Therefore, light use efficiency can be
enhanced.

[0445] The expression “light use efficiency is enhanced”
means that brightness of the light flux becomes high. This
means that high brightness is obtained. The “brightness”
means brightness per unit area. This means brightness per
unit area of a section of the light flux.

[0446] In this regard, although the peak wavelength of the
blue light was approximately 450 nm in this embodiment, is
may be approximately 460 nm. In such a case, it is necessary
to appropriately set the setting of the color separation filters.
For example, the transmission characteristics for the light of
S-polarization shown in FIG. 27 may be shifted so that the
light of S-polarization whose wavelength is 470 nm or more
passes.

Embodiment 12

[0447] FIG. 34 is a view showing a configuration of a
projection-type display apparatus 7; in which the light source
device 111 (FIG. 10) of the above described Embodiment 6 is
modified. In the projection-type display apparatus 77, com-
ponents on the emission side of the light source device are the
same as those of Embodiment 1. The component on the emis-
sion side of the light source device are components from the
condenser lens 4 to the screen 9 shown in F1G. 9. That is, “the
components on the emission side of the light source device” is
the condenser lens 4, the light intensity equalizing element 5,
the relay lens group 6, the image display element 3, the
projection optical system 8, and the screen 9. In FIG. 34, the
projection optical system 8 and the screen 9 are omitted.

[0448] As shown in FIG. 34, the projection-type display
apparatus 7 includes a light source device 1000. The light
source device 1000 is different from the light source device
111 of Embodiment 6 in that the light source device 1000 only
includes the first light source group. A first light source group
1001 has an optical axes in the X direction. Moreover, the first
light source group 1001 includes a plurality of light sources
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100, g200, b100, b200, r100 and r200. The light sources
£100, 200,100, b200, r100 and r200 are arranged inthe YZ
plane. The expression “in the YZ plane” means that on a flat
surface of the YZ plane. Similarly, the expression “in the XY
plane” means that on a flat surface of the XY plane. The
expression “in the ZX plane” means that on a flat surface of
the ZX plane.

[0449] A plurality of light sources g100, b100, and r100 are
arranged in two rows in the Y direction and a column in the Z
direction (in two rows and a column) (refer to FIG. 35). In
contrast, a plurality of light sources g200, b200, and r200 are
arranged in three lines and the Z direction in the Y direction at
one row (one row of three lines) (refer to FIG. 35).

[0450] Parallelizing lenses g101, g201, b101, b201, r101
and r201 are provided on respective emission sides of a plu-
rality of light sources g100, 2200, b100, b200, r100 and r200.
That is, the parallelizing lenses g101, g201, b101, b201, r101
and r201 are arranged on the —-X direction sides of a plurality
of light sources g100, g200, b100, b200, r100 and r200.
[0451] A reflecting element g103 is provided on the emis-
sion side of the parallelizing lens g101. A transmitting-re-
flecting element g203 is provided on the emission side of the
parallelizing lens g201. A reflecting element b103 is provided
on the emission side of the parallelizing lens b101. A trans-
mitting-reflecting element b203 is provided on the emission
side of the parallelizing lens b201. A reflecting element r103
is provided on the emission side of the parallelizing lens r101.
A transmitting-reflecting element r203 is provide on the
emission side of the parallelizing lens r201.

[0452] The reflecting element g103 reflects the parallel
light flux g102 parallelized by the parallelizing lens g101
toward the condenser lens 4 (i.e., in the +Z direction). The
transmitting-reflecting element g203 reflects the parallel light
flux 2202 parallelized by the parallelizing lens g201 toward
the condenser lens 4 (i.e., in the +Z direction). The reflecting
element b103 reflects the parallel light flux b102 parallelized
by the parallelizing lens b101 toward the condenser lens 4
(i.e., inthe +Z direction). The transmitting-reflecting element
b203 reflects the parallel light flux b202 parallelized by par-
allelizing lens b201 toward the condenser lens 4 (i.e., in the
+7 direction). The reflecting element r103 reflects the parallel
light flux r102 parallelized by the parallelizing lens r101
toward the condenser lens 4 (i.e., in the +Z direction). The
transmitting-reflecting element r203 reflects the parallel light
flux r202 parallelized by the parallelizing lens r201 toward
the condenser lens 4 (i.e., in the +Z direction).

[0453] The reflecting element g103 and the transmitting-
reflecting element g203 are provided at the same position in
the X direction and in the Y direction. Therefore, the parallel
light flux g102 reflected by the reflecting element g103 passes
through the transmitting-reflecting element g203, and pro-
ceeds in the Z direction. The reflecting element b103 and the
transmitting-reflecting element b203 are provided at the same
position in the X direction and in the Y direction. Therefore,
the parallel light flux b102 reflected by the reflecting element
b103 passes through the transmitting-reflecting element
b203, and proceeds in the Z direction. The reflecting element
r103 and the transmitting-reflecting element r203 are pro-
vided at the same position in the X direction and in the Y
direction. Therefore, the parallel light flux r102 reflected by
the reflecting element r103 passes through the transmitting-
reflecting element r203, and proceeds in the Z direction.
[0454] In the X direction, the reflecting element b103 and
the transmitting-reflecting element b203 are located on the
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-X direction side with respect to the reflecting element g103
and the transmitting-reflecting element g203. In the X direc-
tion, the reflecting element b103 and the transmitting-reflect-
ing element b203 are located so as not to interrupt the parallel
light fluxes g102 and g202 that proceed in the +Z direction.
Moreover, in the X direction, the reflecting element r103 and
the transmitting-reflecting element r203 are located in the -X
direction side with respect to the reflecting element b103 and
the transmitting-reflecting element b203. In the X direction,
the reflecting element r103 and the transmitting-reflecting
element r203 are located so as not to interrupt the parallel
light fluxes b102 and b202 that proceed in the +Z direction.

[0455] FIG. 35 is a configuration view showing the reflect-
ing elements g103, b103 and r103 and the transmitting-re-
flecting elements g203, b203 and r203 as seen from the —-X
direction. In FIG. 35, in order to show positions of the reflect-
ing elements g103, b103 and r103, positions of the transmit-
ting-reflecting elements g203, b203 and r203, and a posi-
tional relationship with the light sources g100, 2200, b100,
b200, r100 and r200, the respective light sources g100, g200,
b100, b200, r100 and r200 of the first light source group 1001
are shown by solid lines.

[0456] As shown in FIG. 35, the reflecting elements g103,
b103 and r103 have rectangular shapes elongated in the Y
direction. Moreover, the transmitting-reflecting elements
£203,b203 and r203 have rectangular shapes elongated in the
Y direction. Moreover, the reflecting elements g103, b103
and r103 and the transmitting-reflecting elements g203, b203
and r203 are arranged at equal intervals in the Z direction.

[0457] Moreover, a position of the light source g100 in the
Z direction is aligned with a center position of the reflecting
element g103 in the Z direction. A position of the light source
2200 in the Z direction is aligned with a center position of the
transmitting-reflecting element g203 in the Z direction. A
position the light source b100 in the Z direction is aligned
with a center position of the reflecting element b103 in the Z
direction. A position of the light source b200 in the Z direc-
tion is aligned with a center position of the transmitting-
reflecting element b203 in the Z direction. A position of the
light source r100 in the Z direction is aligned with a center
position of the reflecting element r103 in the Z direction. A
position of the light source r200 in the Z direction is aligned
with a center position of the transmitting-reflecting element
r203 in the Z direction. The light sources g100, b100 and r100
are respectively two in number, and are arranged in the Y
direction respectively. The light sources g200, b200 and r200
are respectively three in number, and are arranged in the Y
direction respectively.

[0458] The reflecting elements g103, b103 and r103 are
obtained by forming reflecting portions Rg, Rb and Rr using
reflecting films or the like on surfaces of transparent plates
such as glass. The reflecting elements g103, b103 and r103
have reflecting portions Rg, Rb and Rr formed on entire
surfaces thereof.

[0459] The transmitting-reflecting elements g203, b203
and r203 are obtained by forming reflecting portions Rg, Rb
and Rr using reflecting films or the like on surfaces of trans-
parent plates such as glass. The transmitting-reflecting ele-
ments g203, b203 and r203 have the reflecting portions Rg,
Rb and Rr respectively where the light fluxes emitted by the
light sources g200, b200 and r200 are incident. Regions on
the transmitting-reflecting elements g203, b203 and r203
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where the reflecting portions Rg, Rb and Rr are not formed
correspond to transmitting regions that transmit the light
fluxes.

[0460] IntheY direction, the light sources g100 are located
at positions corresponding to regions on the transmitting-
reflecting element g203 that transmit the light flux. Similarly,
in the Y direction, the light sources b100 are located at por-
tions corresponding to regions on the transmitting-reflecting
element b203 that transmit the light flux of. Moreover, in the
Y direction, the light sources r100 are located at positions
corresponding to regions on the transmitting-reflecting ele-
ment r203 that transmit the light flux of the.

[0461] With such a configuration, the parallel light fluxes
£102,b102, and r102 emitted by the light sources g100, b100
and r100 and parallelized by the parallelizing lenses g101,
b101 and r101 are reflected by the reflecting elements g103,
b103 and r103 in the +Z direction, pass through the transmit-
ting regions of the transmitting-reflecting elements g203,
b203 and r203, and are incident on the condenser lens 4.
[0462] Moreover, the parallel light fluxes g202, b202 and
r202 emitted by the light sources g200, b200 and r200 and
parallelized by the parallelizing lenses g201, b201 and r201
are reflected by the transmitting-reflecting elements g203,
b203 and r203 in the +Z direction, and are incident on the
condenser lens 4.

[0463] FIG. 36(A) is a schematic view showing positions
where the parallel light fluxes g102, b102 and r102 are inci-
dent on the condenser lens 4. The parallel light fluxes g102,
b102 and r102a are emitted by the light sources g100, b100
and r100 of the first light source group 1001 and parallelized
by the parallelizing lenses g101, b101 and r101.

[0464] AsshowninFIG.36(A), when only the light sources
£100, b100 and r100 are used, a total of six parallel light
fluxes are incident on an incident surface of the condenser
lens 4. The green parallel light fluxes g102 emitted by the
light sources g100 are arranged in two rows in the'Y direction
and a row in the X direction (i.e., in two rows and one column)
and are incident on the condenser lens 4. The blue parallel
light fluxes b102 emitted by the light sources b100 are
arranged in two rows in the Y direction and a row in the X
direction (i.e., in two rows and one column) and are incident
on the condenser lens 4. The red parallel light fluxes r102
emitted by the light sources r100 are arranged in two rows in
the Y direction and a row in the X direction (i.e., in two rows
and one column) and are incident on the condenser lens 4. The
parallel light fluxes g102, b102 and r102 are arranged densely
in the X direction, but gaps are formed in the Y direction.
Therefore, light use efficiency is not good.

[0465] In contrast, in this Embodiment 12, when all the
light sources g100, 2200, 5100, b200, r100 and r200 are used,
a total of 15 parallel light fluxes are incident on the incident
surface ofthe condenser lens 4. The parallel light fluxes g202,
b202, and r202 emitted by the light sources g200, b200 and
r200 (i.e., a total of nine light sources) and parallelized by the
parallelizing lenses g201, b201 and r201 are incident on the
condenser lens 4, and are arranged in three rows in the Y
direction and in three columns in the X direction (i.e., in three
rows and three columns). The parallel light fluxes g202 are
green light fluxes. The parallel light fluxes b202 are blue light
fluxes. The parallel light fluxes r202 are red light fluxes. The
parallel light fluxes g102 b102, and r102 are incident on the
condenser lens 4 in three rows of two columns so as to
eliminate gaps between the parallel light fluxes g202, b202
and r202 in the Y directions at the incident surface of the
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condenser lens 4. In this way, the parallel light fluxes g102,
b102, r102, 2202, b202 and r202 are incident on the incident
surface of the condenser lens 4 without leaving gaps, and
therefore light use efficiency can be enhanced.

[0466] As described above, the light source device 1000 of
the form 12 of this embodiment eliminates gaps between the
light fluxes at the incident surface of the condenser lens 4 by
using the light fluxes emitted by the light sources g100, b100
and r100, and the light fluxes emitted by the light sources
2200, b200 and r200. Therefore, the light source device 1000
with high light use efficiency can be achieved.

[0467] Moreover, the reflecting elements g103, b103 and
r103 do not have transmitting regions. Therefore, reflecting
films having high reflectance can be used.

[0468] Moreover, the green light sources, the blue light
sources, and the red light sources are used here. However, the
same effect can be obtained even when monochromatic light
sources are used.

[0469] Moreover, polarization separation elements may be
used as the transmitting-reflecting elements g203, b203 and
r203. In this case, it is preferred that the polarization direc-
tions of the light flux emitted by the light sources g100, b100
and r100 are different from the polarization directions of the
light fluxes emitted by the light sources g200, b200 and r200
by 90 degrees.

[0470] Furthermore, whenthe polarization directions of the
light sources g100, b100 and r100 are different from the
polarization directions of the light sources 2200, b200 and
r200 by 90 degrees, the entire surfaces of the transmitting-
reflecting elements g203, b203 and r203 can be made of the
polarization separating films. When the transmitting-reflect-
ing elements g203, b203 and r203 are used, parts of the
parallel light fluxes g102, b102 and g102 emitted by the light
sources g100, b100 and r100 are reflected by the reflecting
portions Rg, Rb and Rr, and do not reach the condenser lens
4. By using the polarization separating films, the parts of the
parallel light fluxes g102, b102 and g102 reflected by the
reflecting portions Rg, Rb and Rr and do not reach the con-
denser lens 4 can be made reach the condenser lens 4. There-
fore, light use efficiency ofthe light source device 1000 can be
enhanced.

[0471] Inthis case, if the peak wavelength of red is 640 nm,
the transmitting-reflecting element r203 need only have the
transmittance characteristic shown in FIG. 20 on an entire
surface thereof. If the peak wavelength of green is 530 nm, the
transmitting-reflecting element g203 need only have the
transmittance characteristic shown in FIG. 18 on an entire
surface thereof. If the peak wavelength of blue is 450 nm, the
transmitting-reflecting element b203 need only have the
transmittance characteristic shown in FIG. 14 on an entire
surface thereof.

[0472] Moreover, in Embodiment 12, as shown in FIG.
36(A), the light sources g100, b100 and r100 are arranged in
two rows in the Y direction. However, the number of rows
may be three or more 1.

[0473] In this embodiment, the interval between the light
source g200 and the light source b100 in the Z direction and
the interval between the light source b200 and the light source
r 100 in the Z direction correspond to the interval between the
parallel light fluxes g102 and g202 and the parallel light
fluxes b102 and b202 in the X direction and the interval
between the parallel light fluxes b102 and b202 and the par-
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allel light fluxes r102 and r202 in the X direction. The inter-
vals in the X direction are close to each other. Therefore, light
use efficiency increases.

[0474] Furthermore, the dense parallel light fluxes can be
made reach the condenser lens 4 using one light source device
1000, and therefore cooling becomes easy.

[0475] Moreover, the first light source group 1001 may be
constituted by a monochromatic light for exciting a phosphor.
In this case, a phosphor is provided at a condensing position
of a light flux. A light flux of a color (wavelength) different
from the monochromatic light source condensed on the phos-
phor is emitted.

[0476] The present invention is applicable to, for example,
a light source device using light sources such LEDs and LDs,
and a projection-type display apparatus using the light source
device.

[0477] Moreover, the present invention is applicable to, for
example, a projection-type display apparatus having LEDs
that emit red light and LEDs that emit blue light, and also
using [.Ds emitting blue light on a phosphor to emit green
light. Since a high-pressure mercury lamp is not used as a
light source, a mercury free can be achieved. Brightness of the
lamp gradually decreases due to electrode wear, and therefore
it is difficult to increase a lifetime. In contrast, a lifetime of the
projection-type display apparatus to which the present inven-
tion is applied can be extended.

[0478] In the above described embodiments, light emitted
by the light source is parallelized by the parallelizing lens.
However, parallelizing of the light is not essential require-
ment. The same effect can be obtained when the light flux is
convergent light toward the condenser lens. In this regard,
since the difference between the respective light sources and
the condenser lens 4 are different, designing of lenses can be
simple when the parallel light flus is used.

[0479] Moreover, in the above described embodiments, the
light sources are so provided that optical axes of the opposing
light sources are parallel to each other. However, the present
invention is not limited to such arrangement. The optical axes
of the light emitted by the respective light sources need only
be arranged so that the light reflected by the transmitting-and-
reflecting element and the polarization separation element
proceed toward the condenser lens 4. As the optical axes of
the opposing light sources are not parallel, the light source is
prevented from being irradiated with the light from the oppos-
ing light source. Therefore, deterioration of the light source is
prevented, and the lifetime of the light source can be pre-
vented from being shortened.

[0480] Inthis regard, although embodiments of the present
invention have been described, the present invention is not
limited to these embodiments.

EXPLANATION OF MARKS

[0481] 1,1e,1f 111,113, 1134, 1135, 113¢, 120, 150 and
1000 . . . light source device, 1rp . . . light source (first light
source), 1gp . . . light source (third light source), 16p . . . light
source (fifth light source), 2a . . . first light source group, 25 .
.. second light source group, 2rs . . . light source (second light
source), 2gs . . . light source (fourth light source), 2bs light
source (sixth light source), 3 . . . image display element (light
valve), 4 . . . condenser lens (condenser optical system), 5 . .
. light intensity equalizing element, 57p . . . parallel light flux
(light of first polarization), Sgp . . . parallel light flux (light of
third polarization), 5bp . . . parallel light flux (light of fifth
polarization), 6 . . . relay lens groups, 6rs . .. parallel light flux
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(light of second polarization), 6gs . . . parallel light flux (light
of fourth polarization), 6bs . . . parallel light flux (light of sixth
polarization), 7a,7b,7¢,7d,7e,7f,7g, Thand 7i . . . projection
type display, Trp, 7rpl, 7rp2, and 7rp3 . . . color separation
filter (reflecting element), 7gp . . . color separation filter
(second selective transmission element), 7bp . . . color sepa-
ration filter (fourth selective transmission element), 8rs, 87s1,
8rs2 and 8753 . . . color separation filter (first selective trans-
mission element), 8gs . . . color separation filter (third selec-
tive transmission element), 8bs . . . color separation filter (fifth
selective transmission element), 117, 115, 11g, 127, 12b and
12¢ . . . light source, 137, 135, 13g, 147, 145 and 14g . . .
parallelizing lens, 17 . . . transmitting-reflecting element, 217,
215, 21g,22r,22b and 22g . . . light source, 27 . . . transmit-
ting-reflecting element, 37, 57, 88, 108R, 108B and 108G . .
. transmitting-reflecting element, 775, 875 and 68 . . . polar-
ization separation element (polarization separation element),
101a and 101c . . . first light source unit, 1015 and 1014 . . .
second light source unit, 102a, 102¢, 102, 102g, 114; and
121 . .. first light source group, 1025, 1024, 102/, 1024, 114;
and 121; . . . second light source group, 151#p, 152»p and
153rp . .. parallel light flux (light of first polarization), 151rs,
152rs and 153rs . . . parallel light flux (light of second polar-
ization), and 160Ra . . . first light source unit, 160Gb . . .
second light source unit, 160Bc . . . third light source unit,
302a, 3025, 302g and 302~ . . . light source group (first light
source group), 402a, 4027, 402g and 40254 . . . light source
group (second light source group), 3115, 3125, 312g, 312r,
4117, 4127, 412g, and 4126 Light source (the first light
source), 3135, 3145, 314g, 314r, 4137, 414r, 414g and 4145
... parallelizing lens, 3176 and 417~ . . . color separation filter
(polarization separation element), 317g and 417g . . . color
separation filter (first selective transmission element), 317~
and 4175 . . . color separation filter (second selective trans-
mission element), g100, g200, b100, b200, r100 and r200 . ..
light source, g103, b103 and r103 . . . reflecting element,
£203,b203 andr203 . . . transmitting-reflecting element, 1001
... first light source group.

1-8. (canceled)

9. A light source device comprising;

a first light source that emits light of a first polarization;

a second light source that emits light of a second polariza-
tion whose polarization direction is different from the
light of the first polarization by 90 degrees, wherein a
combined wavelength band of the light of the first polar-
ization and the light of the second polarization is a first
wavelength band;

a third light source that emits light of a third polarization
and of a wavelength band which is different from the first
wavelength band;

a first selective transmission element that transmits the
light of the first polarization and reflects the light of the
second polarization based on the polarization direction
of the light;

a second selective transmission element that transmits
combined light of the light of the first polarization pass-
ing through the first selective transmission element and
the light of the second polarization reflected by the first
selective transmission element based on the wavelength
band of the light, and reflects the light of the third polar-
ization based on the wavelength band of the light;

afourth light source that emits light of a fourth polarization
whose polarization direction is different from the light
of' the third polarization by 90 degrees; and
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a third selective transmission element that transmits the
combined light of the light of the first polarization and
the light of the second polarization passing through the
second selective transmission element based on the
wavelength band of the light, transmits the light of the
third polarization reflected by the second selective trans-
mission element based on the polarization direction of
the light, and reflects the light of the fourth polarization,

wherein the light of the first polarization and the light of the
second polarization passing through the second selec-
tive transmission element, and the light of the third
polarization reflected by the second selective transmis-
sion element proceed in the same direction,

wherein the light of the first polarization, the light of the
second polarization and the light of the third polarization
passing through the third selective transmission ele-
ment, and the light of the fourth polarization reflected by
the third selective transmission element proceed in the
same direction.

10. The light source device according to claim 9, further

comprising:

a fitth light source that emits light of a fifth polarization;

a sixth light source that emits light of a sixth polarization
whose polarization direction is different from the light
of the fifth polarization by 90 degrees, wherein a com-
bined wavelength band of the light of the third polariza-
tion and the light of the fourth polarization is a second
wavelength band which is different from the first wave-
length band, wherein a combined wavelength band of
the light of the fifth polarization and the light of the sixth
polarization is a third wavelength band which is differ-
ent from the second wavelength band;

a fourth selective transmission element that transmits com-
bined light of the light of the first polarization, the light
of the second polarization and the light of the third
polarization passing through the third selective trans-
mission element and the light of the fourth polarization
reflected by the third selective transmission element
based on the wavelength of the light, and reflects the
light of the fifth polarization based on the wavelength
band of the light;

a fifth selective transmission element that transmits com-
bined light of the light of the first polarization, the light
of the second polarization, the light of the third polar-
ization and the light of the fourth polarization passing
through the fourth selective transmission element based
on the wavelength band of the light, transmits the light of
the fifth polarization reflected by the fourth selective
transmission element based on the polarization direction
of the light, and reflects the light of the sixth polarization
based on the polarization direction of the light;

wherein the light of the first polarization, the light of the
second polarization, the light of the third polarization,
the light of the fourth polarization and the light of the
fifth polarization passing through the fifth selective
transmission element and the light of the sixth polariza-
tion reflected by the fifth selective transmission element
proceed in the same direction.

11. The light source device according to claim 9, wherein
when the light of the first polarization, the light of the second
polarization and the light of the third polarization passing
through the third selective transmission element and the light
of'the fourth polarization reflected by the third selective trans-
mission element proceed in the same direction, the light of the
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first polarization, the light of the second polarization, the light
of'the third polarization and the light of the fourth polarization
are superimposed on each other or proximate to each other.

12. The light source device according to claim 10, wherein
when the light of the first polarization, the light of the second
polarization, the light of the third polarization, the light of the
fourth polarization and the light of the fifth polarization pass-
ing through the fifth selective transmission element and the
light of the sixth polarization reflected by the fifth selective
transmission element proceed in the same direction, the light
of the first polarization, the light of the second polarization,
the light of the third polarization, the light of the fourth
polarization, the light of the fifth polarization and the light of
the sixth polarization are superimposed on each other or
proximate to each other.

13. The light source device according to claim 10, wherein
the first wavelength band, the second wavelength band and
the third wavelength band are in an ascending order from a
shortest wavelength, or the third wavelength band, the second
wavelength band and the first wavelength band are in an
ascending order from the shortest wavelength.

14. A light source device comprising:

a first light source that emits first light of a first wavelength

band;

a second light source that emits light of a first polarization
direction and of a different wavelength band from the
first wavelength band;

athird light source that emits light of a second polarization
whose polarization direction is different from the light
of' the first polarization by 90 degrees;

a first selective transmission element that transmits the first
light based on the wavelength band of the light, and
reflects the light of the first polarization based on the
wavelength band of the light; and

a second selective transmission element that transmits the
first light passing through the first selective transmission
element based on the wavelength band of the light, trans-
mits the light of the first polarization reflected by the first
selective transmission element based on the polarization
direction of the light, and reflects the light of the second
polarization based on the polarization direction of the
light,

wherein the first light and the light of the first polarization
passing through the second selective transmission ele-
ment, and the light of the second polarization reflected
by the second selective transmission element proceed in
the same direction.

15. The light source device according to claim 14, wherein
when the first light and the light of the first polarization
passing through the second selective transmission element
and the light of the second polarization reflected by the sec-
ond selective transmission element proceed in the same direc-
tion, the first light, the light of the first polarization and the
light of the second polarization are superimposed on each
other or proximate to each other.

16. A light source device comprising a plurality of light
source modules,

each light source modules comprising:

a first light source that emits light of a first polarization;

a second light source that emits light of a second polariza-
tion whose polarization direction is different from the
light of the first polarization by 90 degrees;

a reflecting element that reflects the light of the first polar-
ization; and
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a selective transmission element that transmits the light of
the first polarization reflected by the reflecting element
based on the polarization direction of the light, and
reflects the light of the second polarization,

wherein an end portion of the reflecting element and an end
portion of the selective transmission element are con-
nected so that a surface of the reflecting element and a
surface of the selective transmission element have an
angle other than 180 degrees or 0 degree,

wherein the light of the first polarization is reflected by the
surface of the reflecting element on a side whose angle is
smaller than 180 degrees, is incident on the surface of the
selective transmission element on a side whose angle is
smaller than 180 degrees, and passes through the selec-
tive transmission element,

wherein the light of the second polarization is reflected by
the surface of the selective transmission element on a
side whose angle is larger than 180 degrees,

wherein the light of the first polarization passing through
the selective transmission element and the light of the
second polarization reflected by the surface of the selec-
tive transmission element are emitted as a light flux
proceeding in the same direction,

wherein a plurality of light source modules are arranged so
that the first light sources are disposed in the same direc-
tion with respect to the reflecting elements of the respec-
tive light source modules, and so that the second light
sources are disposed in the same direction with respect
to the selective transmission elements of the respective
light source modules,

wherein the reflecting element and the selective transmis-
sion element of one of the plurality of light source mod-
ules are disposed at a shifted position with respect to the
reflecting element and the selective transmission ele-
ment of another one of the plurality of light source
modules toward a side where the first light source or the
second light source of the one of the plurality of light
source modules is disposed.

17. The light source device according to claim 16, wherein
the first light source and the second light source emit light of
the same wavelength.

18. The light source device according to claim 16, wherein
when the light of the first polarization passing through the
selective transmission element and the light of the second
polarization reflected by the selective transmission element
proceed in the same direction, the light of the first polarization
and the light of the second polarization are superimposed on
each other or proximate to each other.

19. A projection-type display apparatus comprising:

the light source device according to claim 9;

a condenser lens for condensing a light flux emitted by the
light source;

a light intensity equalizing element provided on an emis-
sion side of the condenser lens, the light intensity equal-
izing element equalizing light intensity of incident light
flux;

a relay optical system that guides the light flux emitted by
the light intensity equalizing element;

a light valve on which the light flux emitted by the relay
optical system is incident, the light valve generating
image light; and

a projection optical system that projects the image light
generated by the light valve.
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20. The light source device according to claim 17, wherein
when the light of the first polarization passing through the
selective transmission element and the light of the second
polarization reflected by the selective transmission element
proceed in the same direction, the light of the first polarization
and the light of the second polarization are superimposed on
each other or proximate to each other.
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