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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority under 35 U.S.C. §119 to Japanese Patent Application No. 2014-253323,
filed on December 15, 2014.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The disclosure relates to a light source apparatus and a projector having the light source apparatus.

Description of the Related Art

[0003] Recently, a time divisional type projector has become popular. The time divisional type projector emits lights
of a plurality of wavelengths and forms images by modulating the emitted lights of the plurality of wavelengths sequentially,
and then projects the formed images. As a light source apparatus used for the time divisional type projector, for example,
there is known a light source apparatus having a light source that outputs a white light, and a rotating wheel to which a
plurality of color filters are attached. According to such light source apparatus, the light source emits the white light to
the rotating wheel which rotates at constant speed, and thereby emitting lights of a plurality of wavelengths (such as
blue, green and red lights) in a time divisional manner.
[0004] Further, there is also proposed a light source apparatus including a light source that outputs a light of a single
wavelength, such as a laser diode, and a rotating wheel having phosphor layers instead of color filters. According to
such light source apparatus, the light source emits the light of a single wavelength to the rotating wheel which rotates
at constant speed, and thereby emitting lights of a plurality of wavelengths in a time divisional manner. For example, it
is possible to convert wavelength of a blue light from a laser diode into that of a green or red light by using phosphors.
[0005] In such light source apparatus, as described in JP 2013-73081 or JP 2012-215633, there is proposed a method
to change a location of the light condensed position of each laser diode on the phosphor by varying a distance between
the plurality of laser diodes and a distance between collimating lenses located at the output side of the laser light sources,
and thereby exciting the phosphors with a low light density.
[0006] According to the light source apparatus described in JP 2013-73081 A, JP2012-215633, since the location of
the light condensed position of each laser light source is different, the location of the light condensed position can be
changed. However, since a diameter of the condensed shape of the parallel light emitted from the collimating lens is
small, the light intensity at the light condensed position is so high that the emission efficiency of phosphor is reduced.
Further, since a beam shape at the light condensed position of the condenser lens is determined according to a far field
pattern or a near field pattern of the laser diode, it is difficult to obtain a beam shape with a desired size or a desired
aspect ratio.
[0007] JP 2011-133782 A relates a projector with a phosphor wheel.

SUMMARY OF THE INVENTION

[0008] The aspects of the present invention are represented by the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1A illustrates a plan view which schematically describes a light source apparatus according to one embodiment
of the present invention.

Fig. 1B illustrates an explanatory diagram of the axis in Fig. 1A.

Fig. 1C illustrates a side view which schematically describes a light source apparatus according to one embodiment
of the present invention.

Fig. 1D illustrates an explanatory diagram of the axis in Fig. 1C.
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Fig. 2 illustrates a figure for describing a shape and a light intensity distribution (sectional light intensity) of the light
condensed position in the embodiment of the present invention.

Fig. 3A illustrates a plan view which schematically describes a light source apparatus according to another embod-
iment of the present invention.

Fig. 3B illustrates an explanatory diagram of the axis in Fig.3A.

Fig. 3C illustrates a side view which schematically describes a light source apparatus according to another embod-
iment of the present invention.

Fig. 3D illustrates an explanatory diagram of the axis in Fig.3C.

Fig. 4A illustrates a schematic diagram for describing a light-incident surface side of a phosphor wheel according
to one embodiment of the present invention.

Fig. 4B illustrates a schematic diagram for describing a light-emission surface side of a phosphor wheel according
to one embodiment of the present invention.

Fig. 5A illustrates a schematic diagram in a case that a collimating lens is placed at the focusing position in a lens
array which is formed by the plurality of collimating lenses.

Fig. 5B illustrates a schematic diagram in a case that a collimating lens is placed with a shift from the focusing
position in a lens array which is formed by the plurality of collimating lenses.

Fig. 5C illustrates a figure for describing a shape and a light intensity distribution (sectional light intensity) of the
light condensed position in the case of Fig. 5A.

Fig. 5D illustrates a figure for describing a shape and a light intensity distribution (sectional light intensity) of the
light condensed position in the case of Fig. 5B.

Fig.6 illustrates a schematic diagram for describing an embodiment to use individual collimating lenses instead of
a lens array.

Fig. 7 illustrates a graph for describing a light intensity of an excitation light and a light intensity of a light emitted
from a phosphor in the embodiment of the present invention.

Fig. 8 illustrates a schematic diagram for describing a configuration of a projector which includes the light source
apparatus. according to the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0010] A light source apparatus according to Aspect 1 of the present invention is a light source apparatus comprising:

a light source apparatus comprising:

a plurality of light sources each including a laser diode and a collimating lens which corresponds to said laser
diode,
a condenser lens which condenses lights emitted from said light sources, and
a phosphor wheel having a phosphor, said phosphor wheel transmitting a light which is emitted from said
condenser lens,
wherein at least in a part of said plurality of light sources, said collimating lens and said laser diode are placed
with a first shift such that an optical axis of said collimating lens is shifted from an optical axis of a light emitted
from said laser diode in the direction perpendicular to the optical axis of the emitted light,
wherein said laser diodes include a first laser diode in which a direction of a short axis of a condensed shape
thereof is placed in a first direction, and a second laser diode in which a direction of a short axis of a condensed
shape thereof is placed in a second direction which is different from the first direction, and
wherein said collimating lens which corresponds to said first laser diode and said collimating lens which corre-



EP 3 035 119 B1

4

5

10

15

20

25

30

35

40

45

50

55

sponds to said second laser diode are placed with a second shift in a direction of the optical axis of said collimating
lens.

[0011] According to this aspect, since the collimating lens is placed with the first shift such that the optical axis of the
collimating lens is shifted from the optical axis of the light emitted from the laser diode which corresponds to the collimating
lens in the direction perpendicular to the optical axis of the emitted light, lights emitted from the plurality of light sources
are condensed onto different positions on the phosphor wheel (that is "on the phosphor") by the condenser lens. Therefore,
a light intensity at the light condensed position on the phosphor can be lowered, so that a light which is emitted from the
phosphor can be used efficiently.
[0012] Further, since the collimating lens which corresponds to the first laser diode and the collimating lens which
corresponds to the second laser diode are placed with the second shift in a direction of the optical axis of the collimating
lens, a size of the condensed shape (a beam shape at the condensed point, hereinafter called "a beam shape) is different,
and it is possible to obtain a condensed shape (beam shape) with a desired size and a desired aspect ratio at the
condensed position by the condenser lens.
[0013] As mentioned above, according to this aspect, in the plurality of light sources which utilize the laser diodes and
the collimating lenses, it is possible to suppress degradation of the emission efficiency of phosphor, and further it is
possible to obtain the condensed shape (beam shape) with the desired aspect ratio at the condensed position. Since
the lights are condensed onto the different positions by the first shift, it is also possible to adjust the size of the condensed
shape (beam shape).
[0014] A light source apparatus according to Aspect 2 of the present invention is a light source apparatus comprising:

a plurality of light sources each including a laser diode and a collimating lens which corresponds to said laser diode,
a condenser lens which condenses lights emitted from said light sources, and
a phosphor wheel having a phosphor, said phosphor wheel transmitting a light which is emitted from said condenser
lens,
wherein at least in a part of said plurality of light sources, said collimating lens and said laser diode are placed with
a first shift such that an optical axis of said collimating lens is shifted from an optical axis of a light emitted from said
laser diode in the direction perpendicular to the optical axis of the emitted light,
wherein said laser diodes include a first laser diode in which a direction of a short axis of a condensed shape thereof
is placed in a first direction, and a second laser diode in which a direction of a short axis of a condensed shape
thereof is placed in a second direction which is different from the first direction, and
wherein a focal length of said collimating lens which corresponds to said first laser diode is different from a focal
length of said collimating lens which corresponds to said second laser diode.

[0015] According to this aspect, since the collimating lens is placed with the first shift such that the optical axis of the
collimating lens is shifted from the optical axis of the light emitted from the laser diode which corresponds to the collimating
lens in the direction perpendicular to the optical axis of the emitted light, lights emitted from the plurality of light sources
are condensed onto different positions on the phosphor wheel (that is "on the phosphor") by the condenser lens. Therefore,
a light intensity at the light condensed position on the phosphor can be lowered, so that a light which is emitted from the
phosphor can be used efficiently.
[0016] Further, since the focal length of the collimating lens which corresponds to the first laser diode in which the
direction of the short axis of the condensed shape thereof is placed in the first direction is different from the focal length
of the collimating lens which corresponds to the second laser diode in which the direction of the short axis of the condensed
shape thereof is placed in the second direction, a size of the condensed shape (beam shape) is different, and it is
possible to obtain a condensed shape (beam shape) with a desired size and a desired aspect ratio at the condensed
position by the condenser lens.
[0017] As mentioned above, according to this aspect, in the plurality of light sources which utilize the laser diodes and
the collimating lenses, it is possible to suppress degradation of the emission efficiency of phosphor, and further it is
possible to obtain the condensed shape (beam shape) with the desired size and the desired aspect ratio at the condensed
position. Since the lights are condensed onto the different positions by the first shift, it is also possible to adjust the size
of the condensed shape (beam shape).
[0018] The light source apparatus according to Aspect 3 of the present invention is a light source apparatus comprising:

a light source having a plurality of laser diodes and a lens array formed by a plurality of collimating lenses, said light
source including a first light source in which a direction of a short axis of a condensed shape thereof is placed in a
first direction and a second light source in which a direction of a short axis of a condensed shape thereof is placed
in a second direction which is different from the first direction,
a condenser lens which condenses lights emitted from said first light source and said second light source, and
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a phosphor wheel having a phosphor, said phosphor wheel transmitting a light which is emitted from said condenser
lens,
wherein in said first light source and said second light source, said lens array and said laser diode are placed with
a first shift such that an optical axis of said collimating lens which forms said lens array is shifted from an optical
axis of a light emitted from said laser diode which corresponds to said collimating lens in the direction perpendicular
to the optical axis of the emitted light, and
wherein said lens array of said first light source and said lens array of said second light source are placed with a
second shift in a direction of the optical axis of said collimating lens.

[0019] According to this aspect, since there is performed the first shift such that the optical axis of the collimating lens
which forms the lens array is shifted from the optical axis of the lights emitted from the laser diode which corresponds
to the collimating lens in the direction perpendicular to the optical axis of the emitted light, lights emitted from the plurality
of light sources are condensed onto different positions on the phosphor wheel (that is "on the phosphor") by the condenser
lens. Therefore, a light intensity at the light condensed position on the phosphor can be lowered, so that a light which
is emitted from the phosphor can be used efficiently.
[0020] Further, since the lens array corresponding to the first light source in which the direction of the short axis of the
condensed shape thereof is placed in a first direction and the lens array corresponding to the second light source in
which the direction of the short axis of the condensed shape thereof is placed in the second direction are placed with
the second shift in the direction of the optical axis of the collimating lens, a size of the condensed shape (beam shape)
is different, and it is possible to obtain a condensed shape (beam shape) with a desired size and a desired aspect ratio
at the condensed position by the condenser lens.
[0021] As mentioned above, according to this aspect, in the plurality of light sources which utilize the laser diodes and
the collimating lenses, it is possible to suppress degradation of the emission efficiency of phosphor, and further it is
possible to obtain the condensed shape (beam shape) with the desired size and the desired aspect ratio at the condensed
position. Since the lights are condensed onto the different positions by the first shift, it is also possible to adjust the size
of the condensed shape (beam shape).
[0022] A shifting amount of the first shift for the first light source can be different from that for the second light source.
[0023] The light source apparatus according to Aspect 4 of the present invention is a light source apparatus comprising:

a light source having a plurality of laser diodes and a lens array formed by a plurality of collimating lenses, said light
source including a first light source in which a direction of a short axis of a condensed shape thereof is placed in a
first direction and a second light source in which a direction of a short axis of a condensed shape thereof is placed
in a second direction which is different from the first direction, and
a condenser lens which condenses lights emitted from said first light source and said second light source, and
a phosphor wheel having a phosphor, said phosphor wheel transmitting a light which is emitted from said condenser
lens,
wherein in said first light source and said second light source, said lens array and said laser diode are placed with
a first shift such that an optical axis of said collimating lens which forms said lens array is shifted from an optical
axis of a light emitted from said laser diode which corresponds to said collimating lens in the direction perpendicular
to the optical axis of the emitted light, and
wherein a focal length of said collimating lens which forms said lens array of said first light source is different from
a focal length of said collimating lens which forms said lens array of said second light source.

[0024] According to this aspect, since there is performed the first shift such that the optical axis of the collimating lens
which forms the lens array is shifted from the optical axis of the lights emitted from the laser diode which corresponds
to the collimating lens in the direction perpendicular to the optical axis of the emitted light, lights emitted from the plurality
of light sources are condensed onto different positions on the phosphor wheel (that is "on the phosphor") by the condenser
lens. Therefore, a light intensity at the light condensed position on the phosphor can be lowered, so that a light which
is emitted from the phosphor can be used efficiently.
[0025] Further, since the focal length of the collimating lens which forms the lens array corresponding to the first light
source in which the direction of the short axis of the condensed shape thereof is placed in the first direction and the focal
length of the collimating lens which forms the lens array corresponding to the second light source in which the direction
of the short axis of the condensed shape thereof is placed in the second direction are placed with the second shift in
the direction of the optical axis of the collimating lens, a size of the condensed shape (beam shape) is different, and it
is possible to obtain a condensed shape (beam shape) with a desired size and a desired aspect ratio at the condensed
position by the condenser lens.
[0026] As mentioned above, according to this aspect, in the plurality of light sources which utilize the laser diodes and
the collimating lenses, it is possible to suppress degradation of the emission efficiency of phosphor, and further it is
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possible to obtain the condensed shape (beam shape) with the desired size and the desired aspect ratio at the condensed
position. Since the lights are condensed onto the different positions by the first shift, it is also possible to adjust the size
of the condensed shape (beam shape).
[0027] A shifting amount of the first shift for the first light source can be different from that for the second light source.
[0028] The light source apparatus according to Aspect 5 of the present invention is the light source apparatus according
to the above mentioned Aspect 3 or 4,
wherein said light source at least includes two of said first light sources in which a direction of said first shift is different
by 180 degrees, and two of said second light sources in which a direction of said first shift is different by 180 degrees.
[0029] According to this aspect, since the light source at least includes two of the first light sources in which the direction
of the first shift is different by 180 degrees, and two of the second light sources in which the direction of the first shift is
different by 180 degrees, it is possible to obtain two condensed shapes (beam shapes) of the first light source located
at the symmetric positions with respect to the optical axis of the condensed lens and two condensed shapes (beam
shapes) of the second light source located at the symmetric positions with respect to the optical axis of the condensed
lens. Accordingly, it is possible to obtain the condensed shape (beam shape) which spreads with a certain angle around
the optical axis of the condenser lens.
[0030] The light source apparatus according to Aspect 6 of the present invention is the light source apparatus according
to any one of the above mentioned Aspects 1 to 5,
wherein said first shift is made in the direction of the short axis of the condensed shape of said laser diode.
[0031] According to this aspect, since the first shift is made in the direction of the short axis of the condensed shape
of the laser diode, a light emitted from each laser diode does not interfere with each other, and it is possible to suppress
increase of a light density adequately at the light condensed position.
[0032] The light source apparatus according to Aspect 7 of the present invention is the light source apparatus according
to any one of the above mentioned Aspects 1 to 5,
wherein said first direction and said second direction are different by 90 degrees.
[0033] According to this aspect, since the first direction and the second direction are different by 90 degrees, it is
possible to obtain a light condensed shape (beam shape) with a desired aspect ratio according to the second shift
between the first lens array and the second lens array, and the distance from a focusing position.
[0034] The light source apparatus according to Aspect 8 of the present invention is the light source apparatus according
to any one of the above mentioned Aspects 1 to 5,
wherein said light sources are mounted on a same surface of a supporting member.
[0035] According to this aspect, since the light sources are mounted on the same surface of the supporting member,
it is possible to contribute to a longer operating life of the light source apparatus according to heat dissipation with using
a larger plane to dissipate the heat generated by the light source.
[0036] The light source apparatus according to Aspect 9 of the present invention is the light source apparatus according
to the above mentioned Aspects 8,
wherein said supporting member works as a heat dissipation member.
[0037] According to this aspect, since the supporting member works as the heat dissipation member, the light source
can be cooled efficiently, and downsizing of the light source apparatus with reducing the number of components can be
facilitated.
[0038] The light source apparatus according to Aspect 10 of the present invention is the light source apparatus according
to any one of the above mentioned Aspects 1 to 9,
wherein the wavelength of lights emitted from said light sources ranges from 370 to 500nm.
[0039] The light source apparatus according to Aspect 11 of the present invention is the light source apparatus according
to any one of the above mentioned Aspects 1 to 10,
wherein one of said phosphors is a phosphor which emits a light including a red light.
[0040] The projector according to Aspect 1 of the present invention is a projector comprising:

the light source apparatus according to any one of Aspects 1 to 11 of the light source apparatus,
a light modulating device configured to modulates lights which are emitted from the light source apparatus in the
plurality of wavelength ranges to form an image based on an image data,
a projecting device which enlarges and projects the images.

[0041] According to this aspect, the light source apparatus in the projector can suppress degradation of the emission
efficiency of phosphor, and further can obtain the condensed shape (beam shape) with the desired aspect ratio at the
condensed position of the light emitted from the condensed position.
[0042] Next, a light source apparatus and a projector having the light source apparatus according to embodiments of
the present invention will be described in detail with referring to the attached drawings.
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(General Description of Light Source Apparatus)

[0043] At first, with referring to Figs. 1 to 1D, a light source apparatus according to one embodiment of the present
invention is described. Fig. 1 A illustrates a plan view which schematically describes a light source apparatus according
to one embodiment of the present invention. Fig. 1 A also illustrates a figure to see laser diodes 12A, 12B of the light
source 10 from condenser lens 20 side as a front view of the laser diode in the left part of Fig. 1A as well as the plan
view of the laser diodes. Fig. 1B illustrates an axis explanatory diagram which defines the axis to explain a far field
pattern and a short field pattern of the laser beam emitted from the laser diode. Fig. 1C illustrates a side view which
schematically describes the light source apparatus according to one embodiment of the present invention. Fig. 1C also
illustrates a figure to see laser diodes 12A, 12B of the light source 10 from condenser lens 20 side as a front view of the
laser diode in the left part of Fig. 1C as well as the side view of the laser diodes. Fig. 1D illustrates an axis explanatory
diagram which defines the axis to explain a far field pattern and a short field pattern of the laser beam emitted from the
laser diode. In the front view of the light source apparatus according to this embodiment, the light source apparatus seen
from the arrow A corresponds to the plan view of the light source apparatus according to this embodiment, and the light
source apparatus seen from the arrow B corresponds to the side view of the light source apparatus according to this
embodiment.
[0044] At first, an outline of the light source apparatus according to this embodiment is explained with referring to Fig.
1A and Fig. 1B. As illustrated in Fig. 1A, the light source apparatus 1 according to this embodiment includes light sources
10 (in detail, 10A, 10B), a condenser lens 20, a phosphor wheel 30, a receiving lens 40, a rotary driving apparatus 50
and a heat dissipation plate 60.
[0045] In this embodiment, blue lights are emitted from the light sources 10, and the emitted blue lights enter the
condenser lens 20. The lights are condensed by the condenser lens 20, and then enter the phosphor wheel 30 which
is rotated by the rotary driving apparatus 50. The phosphor wheel 30 is formed by a material which transmits a light. A
dielectric film 31 is formed on a light-incident surface of the phosphor wheel 30 concentrically, and a phosphor 32 is
formed on light-emitting surface of the phosphor wheel 30 concentrically. In more detail, a green phosphor region, a red
phosphor region and a blue-light transmissive region are formed on the light-emission surface of the phosphor wheel
30 concentrically. The green phosphor emits a green light when a blue light enters the green phosphor, and the red
phosphor emits a red light when a blue light enters the red phosphor. Therefore, when a blue light from the condenser
lens 20 enters the phosphor wheel 30, a green light, a red light and a blue light is emitted from the phosphor wheel 30
in a time divisional manner, and enter the receiving lens 40. Then, the light is condensed by the receiving lens 40, and
is outputted from the light source apparatus 1. Actually, a light can be emitted from the receiving lens 40 with spreading,
in parallel or with being condensed.
[0046] A wavelength of the emitted lights of the laser diodes 12 used in this embodiment is preferably in a range from
370 to 500 nm, and more preferably from 420 to 500 nm.
[0047] Further, the light source apparatus 1 is explained in more detail. Four of the light sources 10 are fixed to a
mounting surface of the heat dissipation plate 60 which is a supporting member. In the front view of the laser diode
shown in the left part of the drawing, the light source includes two of the first light sources 10A which is placed such that
the long axis of the near field pattern of the laser diode (X axis in Fig. 1B) is in the vertical direction in the drawing, and
two of the second light sources 10B which is placed such that the long axis of the near field pattern of the laser diode
is in the horizontal direction in the drawing. As described below, in this embodiment, since the lens arrays 14A, 14B are
placed with a shift from the focusing position to emit a parallel light, a direction of the short axis in the condensed shape
which is a beam shape at the light condensed position corresponds to the direction of long axis of the near field pattern
(that is, direction of the short axis of the far field pattern). Therefore, it can be said that the first light source 10A is placed
such that the direction of the short axis of the condensed shape is in the vertical direction in the drawing, and such
direction can be described as "a first direction". Similarly, it can be said that the second light source 10B is placed such
that the direction of the short axis of the condensed shape (in the front view of the laser diode) is in the horizontal direction
in the drawing, and such direction can be described as "a second direction"
[0048] Each of first light sources 10A has a housing 11, four of first laser diodes 12A to emit a blue light, which are
provided in the housing 11, a first lens array 14A (shown in a solid line) which is formed by four of first collimating lenses
13A corresponding to the first laser diodes 12A respectively. Similarly, each of second light sources 10B has a housing
11, four of second laser diodes 12B to emit a blue light, which are provided in the housing 11, a second lens array 14B
(shown in a dotted line) which is formed by four of second collimating lenses 13B corresponding to the second laser
diodes 12B respectively. Relating to the housing 11, while the four housings are used in the embodiment, it is possible
to use one common housing.
[0049] In the first light source 10A, the first lens array 14A and the laser diodes 12A are placed with the first shift such
that an optical axis of the first collimating lens 13A which forms the first lens array 14A is shifted from an optical axis of
a light emitted from the laser diode 12A which corresponds to the first collimating lens 13A in the direction perpendicular
to the optical axis of the emitted light (in the vertical direction in Fig. 1A). Similarly, in the second light source 10B, the
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second lens array 14B and the laser diodes 12B are placed with the first shift such that an optical axis of the second
collimating lens 13B which forms the second lens array 14B is shifted from an optical axis of a light emitted from the
laser diode 12B which corresponds to the second collimating lens 13B in the direction perpendicular to the optical axis
of the emitted light (in the horizontal direction in the front view of the laser diode of Fig. 1A, the vertical direction in Fig. 1C).
[0050] Further, the lens array 14A of the first light source 10A (shown in the solid line) and the second lens array 14B
of the second light source 10B (shown in the dotted line) are placed with the second shift in the direction of the optical
axis of the collimating lenses 13A, 13B. Further explanation relating to the first shift and the second shift will be described
later.
[0051] In Figs. 1A and 1C, while it is illustrated such that the light is condensed onto a surface of the dielectric film 31
formed on the light-incident surface of the phosphor wheel 30, it is possible to describe "the light is condensed onto
different positions on the phosphor 32" because the dielectric film 31 is very thin and the light is not condensed nor
diffused on the phosphor wheel 30.
[0052] As mentioned above, the dielectric film 31 is formed on the light-incident surface of the phosphor wheel 30,
and the phosphor 32 is formed on the light-emission surface of the phosphor wheel 30 concentrically with the phosphor
wheel 30. In Figs.4A and 4B, a phosphor wheel according to one embodiment is illustrated schematically. Fig.4A illustrates
the light-incident surface of the phosphor wheel 30 and Fig.4B illustrates the light-emission surface of the phosphor
wheel 30. The green phosphor region, the red phosphor region and the blue-light transmissive region are formed on the
phosphor wheel 30. In the green phosphor region, the dielectric film 31G which transmits a blue light and reflects a green
light is formed on the light-incident surface side. A green phosphor 32G which has a green light wavelength range is
formed on the light-emission surface side. Similarly, in the red phosphor region, the dielectric film 31R which transmits
a blue light and reflects a red light is formed on the light-incident surface side, and a red phosphor 32R which has a red
light wavelength range is formed on the light-emission surface side. In the blue-light transmissive region, the dielectric
film 31B which transmits a blue light is formed on the light-incident surface side, and no phosphor is formed on the light
emission surface side. However, the dielectric film 31B which transmits a blue light may be formed on the light-emission
surface side as well as on the incident surface side. A light-scattering member such as a particle of SiO2, TiO2, Ba2So4
or the like is preferably formed thereon in order to improve luminance unevenness and color unevenness.
[0053] The dielectric films 31G and 31R formed on the green phosphor region and red phosphor region respectively
transmit a blue light and reflects a light of the wavelength corresponding to the color of respective region. Accordingly,
a light emitted from the phosphors 32G and 32R in the direction toward the laser diode 12 can be reflected back toward
the receiving lens 30 by the dielectric films 31 G and 31R, so that the phosphor can be used efficiently.
[0054] The phosphor 32G which is coated on the green phosphor region of the phosphor wheel 30 preferably emits
a green light including the wavelength range of 500 to 560 nm. Specific examples of the materials of the phosphor 32G
are β-Si6-Z: AlZOZN8-Z: Eu, Lu3Al5O12: Ce, Ca8MgSi4O16C12: Eu, Ba3Si6O12N2: Eu, (Sr, Ba, Ca)Si2O2N2: Eu.
[0055] The phosphor 32R which is coated on the red phosphor region of the phosphor wheel 30 preferably emits a
red light including the wavelength range of 600 to 800 nm. Specific examples of the materials of the phosphor 32R are
(Sr, Ca) AlSiN3: Eu, CaAlSiN3: Eu, SrAlSiN3: Eu, K2SiN6: Mn.
[0056] The ratio among the green phosphor region, the red phosphor region and the blue-light transmissive region on
the phosphor wheel 30 can appropriately be determined. For example, the ratio can be calculated according to the
chromaticity of a white light required for a projector and the efficiency of each phosphor or the like. In this embodiment,
each of the green phosphor and the red phosphor region has an angle of 150 degrees, and the blue-light transmissive
region has an angle of 60 degrees.
[0057] While the phosphor wheel 30 has three regions which are for green, red and blue lights, it can have four regions
or more. For example, a white light region with blue and yellow light may be further provided. The number of regions for
green, red and blue lights can be increased respectively and 2 positions for each color.
[0058] The phosphor wheel 30 is made of a transparent circular plate which transmits a light, and a center of the
phosphor wheel 30 is fixed to the rotating axis 50a of the rotary driving apparatus 50. As a material of the phosphor
wheel 30, any material having a high light-transmittance, such as glass, resin, sapphire or the like can be used. In Fig.
4A, a position indicated by "SP" shows the position to which a light emitted from the housing 10 is condensed by the
condenser lens 20 (the light condensed position). In Fig. 4B, the position indicated by "FL" shows the position in which
the phosphor layer emits when a light is projected from the light source 10 (the phosphor position).
[0059] Further, it is also possible to add one more plate at the light-emission surface side and provide a band pass
filter thereon. Accordingly, a purer green or red color can be obtained.
[0060] Returning to the description of Figs. 1A and 1C, the rotary driving apparatus 50 is a brushless DC motor, and
placed such that the rotating axis 50a thereof and the optical axis 21a of the condenser lens 20 are located in parallel.
Further, the rotary driving apparatus 50 is fixed such that the surface of the phosphor wheel 30 is located perpendicularly
to the rotating axis 50a. A rotating speed of the rotary driving apparatus 50 is a rotating speed according to a frame rate
of moving images (the number of frames per second, a unit [fps]) to be played. For example, in the case where moving
images are played at 60[fps], a rotating speed of the rotary driving apparatus 50 (that is, the phosphor wheel 30) should
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be determined as integer multiples of 60 rounds per second.
[0061] A light which is emitted from the phosphor wheel 30 is condensed by the receiving lens 40 and is outputted
from the light source apparatus 1. In the case where the light source apparatus is used for a light source for the projector,
a light outputted by the light source apparatus 1 is condensed onto a light modulating device, and the image formed by
the light modulating device is enlarged and projected by a projecting device. An etendue which is calculated according
to the relationship between the image size formed by the light modulating device and the projecting angle of the light
projected by the projecting device is affected by "NA" of the receiving lens 40 and the size of emitting area of the phosphor.
[0062] Thus, the following formula is given: 

[0063] Accordingly, since the phosphor emits a light in approximately Lambertian distribution, it is desirable that the
light-receiving lens 40 should have higher NA, and the phosphor position FL should be small. If the etendue of the
phosphor side is higher than the etendue of the projecting device side, the difference causes reduction of the efficiency.
[0064] As mentioned above, since the light-receiving lens 40 has high NA, it is desirable that the phosphor position
FL should be as small as possible. In this case, however, a light density of a light from light source 10 may become high.
In this embodiment, since it is preferable that the size of the phosphor position FL is preferably around 2 mm, it is
preferable that the size of the light condensed position SP should be 2 mm or less. This size is not a size of the light
condensed position of a light from each light source 10, but total area of the light condensed positions on the condition
that the plurality of light sources 10 are fixed.

(Description of Light Source)

[0065] Next, the light source according to the present invention, especially the light source according to one embodiment
or another embodiment of the present invention will be described.

(Description of Light Source according to One Embodiment)

[0066] At first, with referring to Figs. 1A, 1C and 2, the light source according to one embodiment of the present
invention is described.
[0067] As mentioned above, four of the first laser diodes 12A in which the direction of the short axis of the condensed
shape thereof is the first direction (the vertical direction in Fig. 1A), and the first lens array 14A which is formed by four
of the first collimating lenses 13A corresponding to each of the first laser diode 12A (shown in the solid line) are installed
onto the housing 11. Two of the first light sources 10A are connected to the heat dissipation plate 60 with contacting
each other (contacting at the side surface). Similarly, four of the second laser diodes 12B in which the direction of the
short axis of the condensed shape thereof is the second direction (the horizontal direction in the front view of the laser
diode of in Fig. 1A, the vertical direction in Fig. 1C) and the second lens array 14B which is formed by four of the second
collimating lenses 13B corresponding to each of the second laser diode 12B (shown in the dotted line) are installed onto
the housing 11. Two of the second light sources 10B are connected to the heat dissipation plate 60 with contacting each
other (contacting at the side surface). Thus, two of the first light sources 10A and two of the second light sources 10B
are connected to the heat dissipation plate 60 with contacting one another (contacting at the side surface).
[0068] Accordingly, it is possible to contribute to a longer operating life of the light source apparatus according to heat
dissipation with using a larger plane of the heat dissipation plate 60 to dissipate the heat generated by the light source 10.
[0069] Further, since the supporting member is the heat dissipation member 60, the light source 10 can be cooled
efficiently, and downsizing of the light source apparatus with reducing the number of components can be facilitated.
[0070] While the first direction and the second direction are shown in the vertical direction and the horizontal direction
in Figs. 1A and 1C, any other directions can be applied. While the first direction and the second direction are different
by 90 degrees in this embodiment, it is not limited thereto, and any other angle can be applied.
[0071] As mentioned above, the "condensed shape" is a beam shape at the light condensed position. If the lens array
14A, 14B are placed at the focusing position where a parallel light is emitted from the collimating lens, the direction of
the short axis of the consented shape corresponds to the direction of the short axis of near field pattern of the laser
diode (Y axis in the drawings) and the direction of the long axis of the consented shape corresponds to the direction of
the long axis of the near field pattern of the laser diode (X axis in the drawings). On the contrary, if the lens array 14A,
14B are placed at the defocusing position which is shifted from the focusing position where a parallel light is emitted
from the collimating lens, the direction of the short axis of the consented shape corresponds to the direction of the short
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axis of far field pattern (that is the long axis of the near field pattern) of the laser diode and the direction of the long axis
of the consented shape corresponds to the direction of the long axis of the far field pattern (that is the short axis of the
near field pattern) of the laser diode.

<Description of First Shift)

[0072] In the first light source 10A as illustrated in Fig. 1A, the first lens array 14A and the first laser diode 12A are
placed with the first shift such that an optical axis of the first collimating lens 13A which forms the first lens array 14A is
shifted from an optical axis of a light emitted from the first laser diode 12A which corresponds to the first collimating lens
13A in the direction perpendicular to the optical axis of the emitted light (in the vertical direction in the drawing). Thus,
the first shift is made in the direction of the short axis of the condensed shape of the first laser diode 12A.
[0073] Accordingly, as shown in the plan view in the middle part of Fig. 1A, a light emitted from the first light source
10A is directed not in parallel to the optical axis 21 of the condenser lens 20 but with a predetermined angle (for example,
0.25 to 2 degrees) thereto and enters the condenser lens 20. Therefore, lights are condensed onto different positions
on the phosphor wheel 30 (thus, on the phosphor) respectively. The optical axes of the first collimating lenses 13A which
form the first lens array 14A of two of the first light sources 10A are shifted outwardly with the same shifting amount to
the optical axis of the first laser diodes 12A which correspond to the first collimating lenses 13A respectively. Thus, in
two of the first light sources 10A, the direction of the first shift is different by 180 degrees. In other words, in two of the
first light sources 10A, the first shift is made such as being symmetric with respect to the optical axis 21 of the condenser
lens 20.
[0074] Fig.2 illustrates an example of the condensed shape in the case that a light emitted from the first light source
10A which is placed with the first shift is condensed onto the phosphor wheel 30 by the condenser lens 20. Two condensed
shapes having oval shapes with horizontal longer axes are formed at the upper and lower positions in Fig.2. Accordingly,
as shown in the graph in the right side of Fig.2, the light emitted from the first light source 10A is distributed into the
optical intensity curve having two peaks, without condensed into one position.
[0075] In Fig. 1A, while the optical axes of the first collimating lenses 13A are shifted outwardly to the optical axis of
the corresponding first laser diodes 12A respectively, it is not limited thereto, and the optical axes of the first collimating
lenses 13A can be shifted inwardly to the optical axis of the corresponding first laser diodes 12A respectively. Further,
it is not limited to the case that two first light sources 10A are shifted with the same shifting amount, and each of the first
light sources 10A can be shifted with different shifting amount respectively.
[0076] Next, the light source apparatus 1 is described with referring to Fig. 1C which shows the side surface of the
light source apparatus seeing from the arrow B in the front view of the laser diode. In the second light source 10B shown
in the upper part of the drawing, the second lens array 14B and the second laser diode 12B are placed with the first shift
such that an optical axis of the second collimating lens 13B which forms the second lens array 14B is shifted from an
optical axis of a light emitted from the second laser diode 12B which corresponds to the second collimating lens 13A in
the direction perpendicular to the optical axis of the emitted light (in the vertical direction in the drawing). Thus, the first
shift is made in the direction of the short axis of the condensed shape of the second laser diode 12B.
[0077] Accordingly, as shown in the side view in the middle part of Fig. 1C, a light emitted from the second light source
10B is directed not in parallel to the optical axis 21 of the condenser lens 20 but with a predetermined angle (for example,
0.25 to 2 degrees) thereto and enters the condenser lens 20. Therefore, lights are condensed onto different positions
on the phosphor wheel 30 (thus on the phosphor) respectively. The optical axes of the second collimating lenses 13B
which form the second lens array 14B of two of the second light sources 10B are shifted upwardly and downwardly with
the same shifting amount to the optical axis of the second laser diodes 12B which correspond to the second collimating
lenses 13B respectively. Thus, in two of the second light sources 10B, the direction of the first shift is different by 180
degrees.
[0078] Fig.2 illustrates an example of the condensed shape in the case that a light emitted from the second light source
10B which is placed with the first shift is condensed onto the phosphor wheel 30 by the condenser lens 20. Two condensed
shapes having oval shapes with vertical longer axes are formed at the right and left positions in Fig.2. Accordingly, as
shown in the graph in the lower side of Fig.2, the light emitted from the second light source 10B is distributed into the
optical intensity curve having two peaks, without condensed into one position.
[0079] If the original peak optical intensity in the case of having only one condensed position is Po, the peak light
intensity P in Fig.2 can be calculated by P = P0/4 (number of the light condensed position = 4). Thus, since the peak
light intensity becomes the value to be calculated such that the peak light intensity P0 in the case of single condensed
position is divided by the number of condensed positions, the value of the case of Fig. 2 becomes a quarter of the original
peak light intensity.
[0080] A light enters the condensed lens 20 with a predetermined angle (slanted angle) to the optical axis of the
condensed lens 20 from the collimating lens 13A, 13B by the first shift. As a preferable angle, 0.25 to 2 degrees as
absolute values are exemplified. If a slanted angle is in the range from 0.25 to 2 degrees as absolute values, the area
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of the light condensed position SP (refer to Fig. 4A) is not so large on the phosphor wheel 30. In one embodiment as
shown in Fig. 1A and 1C, it is not limited to the shift with the same shifting amount. The first shift can be made with
different shifting amount according to the lens array 14A, 14B respectively.

<Description of Second Shift>

[0081] In this embodiment, as illustrated in Fig . 1C, the lens array 14A of the first light source 10A which is located
in the lower part of the drawing and the lens array 14B of the second light source 10B which is located in the upper part
of the drawing are placed with a second shift in a direction of the optical axis of a collimating lens 13A, 13B. Both the
lens array 14A of the first light source 10A and the lens array 14B of the second light source 10B are placed at the
defocusing position which is closer to the laser diodes 12A, 12B than the focusing position where a light emitted from
the laser diodes 14A, 14B becomes a parallel light. In comparison between the lens array 14A of the first light source
10A and the lens array 14B of the second light source 10B, the lens array 14A of the first light source 10A is placed
farther from the focusing position (that is, more defocused) than the lens array 14B of the second light source 10B.
[0082] With referring to Fig.2, the condensed shapes are compared when a light emitted from the first light source
10A and the second light source 10B both having the second shift is condensed onto the phosphor wheel 30 by the
condenser lens 20. As illustrated in Fig .2, the condensed shape having an oval shape with a horizontal longer axis is
formed by the first light source 10A which is placed farther from the focusing position than the second light source 10B,
and the condensed shape having an oval shape with a vertical longer axis is formed by the second light source 10B
which is placed closer to the focusing position than the first light source 10B. A length of the horizontal longer axis of
the oval shape formed by the first light source 10A which is positioned farther from the focusing position is longer than
a length of the vertical longer axis of the oval shape formed by the second light source 10B. This is because the first
light source 10A in which the collimating lens thereof is positioned farther from the focusing position can form a larger
image at the light condensed position (that is, the condensed shape is made larger).
[0083] Accordingly, in this embodiment, it is possible to obtain a condensed shape (beam shape) with an aspect ratio
whose horizontal length is longer (or whose vertical length is longer) on the phosphor wheel 30 which is the light
condensed position by the condensed lens 20. Therefore, it is possible to obtain a condensed shape (beam shape)
having any desired size and any desired aspect ratio by selecting the second shifting amount and the position of the
collimating lens from the focusing position adequately. Since lights are consented onto different positions by the first
shift, it is possible to adjust a size of the condensed shape (beam shape) accordingly. While a condensed shape (beam
shape) having a dimension of 1.5 mm length x 2mm width can be exemplified as one example of the desired size and
the desired aspect ratio, it is not limited thereto.
[0084] As mentioned above, the light source apparatus according to one embodiment of the present invention as
illustrated in Fig . 1A, 1C and 2 has the light source 10A, 10B having the plurality of laser diodes 12A, 12B and a lens
array 14A, 14B formed by the plurality of collimating lenses 13A, 13B which correspond to the laser diodes 12A, 12B
respectively. The light source 10A, 10B includes the first light source 10A in which a direction of the short axis of the
condensed shape thereof is placed in the first direction and the second light source 10B in which a direction of a short
axis of a condensed shape thereof is placed in the second direction which is different from the first direction. The light
source apparatus also has a condenser lens 20 which condenses lights emitted from the first light source 10A and the
second light source 10B, and the phosphor wheel 30 having a phosphor, which transmits a light which is emitted from
the condenser lens 20. In the first light source 10A and the second light source 10B, the lens array 14A, 14B and the
laser diode 12A. 12B are placed with the first shift such that an optical axis of the collimating lens 13A, 13B which forms
the lens array 14A, 14B is shifted from an optical axis of a light emitted from the laser diode 12A, 12B which corresponds
to the collimating lens 13A, 13B in the direction perpendicular to the optical axis of the emitted light. The lens array 14A
of the first light source 10A and the lens array 14B of the second light source 10B are placed with the second shift in a
direction of the optical axis of the collimating lens 13A, 13B.
[0085] Since the collimating lens 13A, 13B is placed with the first shift such that the optical axis of the collimating lens
13A, 13B which forms the lens array 14A, 14B is shifted from the optical axis of a light emitted from the laser diode 12A,
12B which corresponds to the collimating lens 13A, 13B in the direction perpendicular to the light emitted from the light
source 10A, 10B, lights emitted from the plurality of light sources are condensed onto different positions on the phosphor
wheel 30 (that is "on the phosphor") by the condenser lens 20. Therefore, a light intensity at the light condensed position
on the phosphor can be lowered, so that a light which is emitted from the phosphor can be used efficiently.
[0086] Further, since the lens array 14A of the first light source 10A in which the direction of the short axis of the
condensed shape thereof is placed in a first direction and the lens array 14B of the second light source 10B in which
the direction of the short axis of the condensed shape thereof is placed in the second direction are placed with the
second shift in the direction of the optical axis of the collimating lens 13A, 13B, it is possible to obtain a condensed shape
(beam shape) with a desired size and a desired aspect ratio on the phosphor wheel 30 (thus, on the phosphor) which
is the condensed position by the condenser lens 20.
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[0087] As mentioned above, according to this embodiment, in the plurality of light sources 10A, 10B which utilize the
laser diode 12A, 12B and the collimating lens 13A, 13B, it is possible to suppress degradation of the emission efficiency
of phosphor, and further in the condensed position, it is possible to obtain the condensed shape (beam shape) with the
desired size and the desired aspect ratio at the condensed position. Since the lights are condensed onto the different
positions by the first shift, the size of the condensed shape (beam shape) can also be adjusted.
[0088] Further, since the light source at least includes two of the first light sources 10A in which the direction of the
first shift is different by 180 degrees, and two of the second light sources 10B in which the direction of the first shift is
different by 180 degrees, it is possible to obtain two condensed shapes (beam shapes) of the first light source 10A
located at the symmetric positions with respect to the optical axis of the condensed lens 20, and two condensed shapes
(beam shapes) of the second light source 10B located at the optical axis of the condensed lens 20. Accordingly, it is
possible to obtain the condensed shape (beam shape) which spreads with a certain angle around the optical axis of the
condenser lens 20.
[0089] Further the first shift is made in the direction of the short axis of the condensed shape of the laser diode 12A,
12B, a light emitted from each laser diode 12A, 12B does not interfere with each other, and it is possible to suppress
increase of a light density adequately at the light condensed position.
[0090] Further, since the first direction and the second direction are different by 90 degrees, it is possible to obtain a
condensed shape (beam shape) with a desired aspect ratio according by adjusting the second shift between the first
lens array 14A and the second lens array 14B, or a distance from the focusing position.
[0091] While the first lens array 14A of the first light source 10A and the second lens array 14B of the second light
source 10B are placed at the defocusing position which is located closer to the laser diode 12A, 12B than the focusing
position in one embodiment as illustrated in Fig . 1A, 1C, the first lens array 14A and the second lens array 14B can
adversely be positioned at the defocusing position which is located farther from the laser diode 12A, 12B than the focusing
position. Further, the lens array which is positioned closer to the focusing position can be positioned at the focusing
position. In this case, since the direction of the short axis of the condensed shape corresponds to the direction of the
short axis of the near field pattern, not the far field pattern, it is necessary to turn the laser diode by 90 degrees before
installation.
[0092] While the light source apparatus having four of the light sources is exemplified in this embodiment, it is not
limited thereto, and any other light source apparatus having any number of light sources is included in the present
invention. For example, it can have a plurality of pairs of light sources in which one light source without the first shift is
placed at the optical axis of a condenser lens and another light source with the first shift is placed around the optical
axis of a condenser lens. In the present invention, a light source can be placed at any position so that the short axis of
the condensed shape thereof can have arbitrary direction.

<Description of Embodiment in which Individual Collimating Lens is placed in Housing>

[0093] While the lens array formed by a plurality of collimating lenses is described in the above mentioned embodiment,
it is not limited thereto. As shown in the collimating lens of Fig.6, individual collimating lenses 13A, 13B (the right part
of Fig.6) can be used instead of the lens array 14A, 14B (the left part of Fig.6). In this case, individual collimating lenses
13A, 13B are placed in the housing instead of the lens array 14A, 14B. The other configuration is basically the same as
the above mentioned one embodiment.
[0094] Thus, a light source apparatus 1 has a plurality of light sources 10A, 10B each including a laser diode 12 A,
12B and a collimating lens 13A, 13B which corresponds to the laser diode 12A, 12B, a condenser lens 20 which condenses
lights emitted from the light sources 10A, 10B, and a phosphor wheel 30 having a phosphor. Such phosphor wheel 30
transmits a light which is emitted from the condenser lens 20. At least in a part of the plurality of light sources 10 A, 10B,
the collimating lens 13A, 13B and the laser diode 12A, 12B are placed with a first shift such that an optical axis of the
collimating lens 13A, 13B is shifted from an optical axis of a light emitted from the laser diode 12A, 12B in the direction
perpendicular to the optical axis of the emitted light. The laser diodes 12A, 12B include a first laser diode 12A in which
a direction of a short axis of a condensed shape thereof is placed in a first direction, and a second laser diode 12B in
which a direction of a short axis of a condensed shape thereof is placed in a second direction which is different from the
first direction. The collimating lens 13A which corresponds to the first laser diode 12A and the collimating lens 13B which
corresponds to the second laser diode 12B are placed with a second shift in a direction of the optical axis of the collimating
lens 13A, 13B.
[0095] According to this embodiment, since the collimating lens 13A, 13B is placed with the first shift such that the
optical axis of the collimating lens 13A, 13B is shifted from the optical axis of the light emitted from the corresponding
laser diode 12A, 12B in the direction perpendicular to the optical axis of the emitted light, lights emitted from the plurality
of light sources are condensed onto different positions on the phosphor wheel 30 (that is "on the phosphor") by the
condenser lens 20. Therefore, a light intensity at the light condensed position on the phosphor can be lowered, so that
a light which is emitted from the phosphor can be used efficiently.
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[0096] Further, since the collimating lens 13A which corresponds to the first laser diode 12A in which the direction of
the short axis of the condensed shape thereof is the first direction and the collimating lens 13B which corresponds to
the second laser diode 12B in which the direction of the short axis of the condensed shape thereof is the second direction
are placed with the second shift in a direction of the optical axis of the collimating lens 13A. 13B, a size of the condensed
shape (beam shape) is different, and it is possible to obtain a condensed shape (beam shape) with a desired size and
a desired aspect ratio on the phosphor wheel 30 (thus, on the phosphor) which is the condensed position by the condenser
lens 20.
[0097] As mentioned above, according to this embodiment, in the plurality of light sources 10A, 10B which utilize the
laser diode 12A, 12B and the collimating lens 13A, 13B, it is possible to suppress degradation of the emission efficiency
of phosphor, and further in the condensed position, it is possible to obtain the condensed shape (beam shape) with the
desired aspect ratio at the condensed position. Since the lights are condensed onto the different positions by the first
shift, the size of the condensed shape (beam shape) can also be adjusted.
[0098] According to this embodiment, in the pair of individual laser diode 12A, 12B and individual collimating lens 13A,
13B, since the first shift and the second shift with a different shifting amount or a different shifting direction can be made,
more detailed adjustment can be achieved.

(Description of Light Source according to Another Embodiment)

[0099] Next, another embodiment of the present invention relating to the light source is described with referring to
Figs. 3A to 3D and Fig.2. Fig. 3 A illustrates a plan view which schematically describes a light source apparatus according
to another embodiment of the present invention. Fig. 3A also illustrates a figure to see laser diodes 12A, 12B of the light
source 10 from condenser lens 20 side in the left part of Fig.3A as well as the plan view of the laser diodes. Fig. 3B
illustrates an axis explanatory diagram which defines the axis to explain a far field pattern and a short field pattern of
the laser beam emitted from the laser diode. Fig. 3 C illustrates a side view which schematically describes the light
source apparatus according to another embodiment of the present invention. Fig. 3C also illustrates a figure to see laser
diodes 12A, 12B of the light source 10 from condenser lens 20 side in the left part of Fig.3C as well as the side view of
the laser diodes. Fig. 3D illustrates an axis explanatory diagram which defines the axis to explain a far field pattern and
a short field pattern of the laser beam emitted from the laser diode. In the front view of the light source apparatus
according to this embodiment, the light source apparatus seen from the arrow A corresponds to the plan view of the
light source apparatus according to this embodiment, and the light source apparatus seen from the arrow B corresponds
to the side view of the light source apparatus according to this embodiment.
[0100] In this embodiment, a lens array and a laser diode are placed with a first shift such that an optical axis of an
collimating lens which forms the lens array is shifted from an optical axis of a light emitted from the laser diode which
corresponds to the collimating lens in the direction perpendicular to the optical axis of the emitted light. In one embodiment
as mentioned above, the condensed shape (beam shape) with the desired size and the desired aspect ratio is obtained
by placing the first lens array of the first light source and the second lens array of the second light source with the second
shift in the direction of the optical axis of the collimating lens. In this embodiment, however, a condensed shape (beam
shape) with a desired size and a desired aspect ratio is obtained by making different a focal length of the first collimating
lens which corresponds to the first laser diode and a focal length of the second collimating lens which corresponds to
the second laser diode 12B. In the embodiment as illustrated in Fig .3A, 3C, while the second shift is not performed,
both the first collimating lens 13A and the second collimating lens 13B are placed at the defocusing position which is
shifted from the focusing position. While the second shift is not performed in this embodiment, the second shift can also
be performed in combination with making different the focal length of the collimating lens.

<Description of First Shift)

[0101] Since the first shift according to another embodiment as illustrated in Figs.3A, 3C is similar to the first shift in
one embodiment as illustrated in Figs. 1A, 1C, the first shift according this embodiment will be described briefly.
[0102] A light source apparatus 1 according to this embodiment has a light source 10A, 10B having a plurality of laser
diodes 12A, 12B and a lens array 14A, 14B formed by a plurality of collimating lenses 13A, 13B. The light source 10A,
10B includes a first light source 10A in which a direction of a short axis of a condensed shape thereof is placed in a first
direction and a second light source 10B in which a direction of a short axis of a condensed shape thereof is placed in a
second direction which is different from the first direction. The light source apparatus 1 also has a condenser lens 20
which condenses lights emitted from the first light source 10A and the second light source 10B, and the phosphor wheel
30 having a phosphor, which transmits a light which is emitted from the condenser lens 20. In the first light source 10A
and the second light source 10B, the lens array 14A, 14B and the laser diode 12A. 12B are placed with the first shift
such that an optical axis of the collimating lens 13A, 13B which forms the lens array 14A, 14B is shifted from an optical
axis of a light emitted from the laser diode 12A, 12B which corresponds to the collimating lens 13A, 13B in the direction
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perpendicular to the optical axis of the emitted light.
[0103] Accordingly, two condensed shapes having oval shapes with horizontal longer axes are formed at the upper
and lower positions on the phosphor wheel 30 which is a light condensed position according to the light emitted from
the first light source 10A (refer to Fig.2). On the contrary, two condensed shapes having oval shapes with vertical longer
axes are formed at the at the right and left positions on the phosphor wheel 30 which is a light condensed position
according to the light emitted from the first light source 10A (refer to Fig.2).
[0104] Therefore, since there is performed the first shift such that the optical axis of the collimating lens 13A, 13B
which forms the lens array 14A, 14B is shifted from the optical axis of the lights emitted from the laser diode 12a, 12b
which corresponds to the collimating lens 13A, 13B in the direction perpendicular to the optical axis of the emitted light,
lights emitted from the plurality of light sources 10A, 10B are condensed onto different positions on the phosphor wheel
30 (that is "on the phosphor") by the condenser lens 20. Therefore, a light intensity at the light condensed position on
the phosphor can be lowered, so that a light which is emitted from the phosphor can be used efficiently.
[0105] Fig.2 illustrates an example of the condensed shape in the case that a light emitted from the first light source
10A (the second light source 10B) which is placed with the first shift is condensed onto the phosphor wheel 30 by the
condenser lens 20. In Fig.2, two condensed shapes having oval shapes with horizontal (vertical) longer axes are formed
at the upper and lower (right or left) positions. Accordingly, as shown in the graph in the right (lower) side of Fig.2, the
light emitted from the first light source 10A is distributed into the optical intensity curve having two peaks, without
condensed into one position.
[0106] If the original peak optical intensity in the case of having only one condensed position is P0, the peak light
intensity P in Fig.2 can be calculated by P = P0/4 (number of the light condensed position = 4). Thus, since the peak
light intensity becomes the value to be calculated such that the peak light intensity P0 in the case of single condensed
position is divided by the number of condensed positions, the value of the case of Fig. 2 becomes a quarter of the original
peak light intensity.
[0107] A light enters the condensed lens 20 with a predetermined angle (slanted angle) to the optical axis of the
condensed lens 20 from the collimating lens 13A, 13B by the first shift. As a preferable slanted angle, 0.25 to 2 degrees
as absolute values are exemplified. If a slanted angle is in the range from 0.25 to 2 degrees as absolute values, the
area of the light condensed position SP (refer to Fig. 4A) does not become so large on the phosphor wheel 30. In the
embodiment as shown in Fig.3C, it is not limited to the shift with the same shifting amount. The first shift can be made
with different shifting amount respectively.

<Description of Making Different Focal length of Collimating Lens)

[0108] In this embodiment, in Figs.3A and 3C, a focal length of the collimating lens 13A which forms the lens array
14A of the first light source 10A as indicated at the lower part of Fig.3C is different from a focal length of the collimating
lens 13B which forms of the lens array 14B of the second light source 10B as indicated at the upper part of Fig, 3C. In
more detail, a curvature radius of the first collimating lens 13A which corresponds to the first light source 10A is larger
than a curvature radius of the second collimating lens 13B which corresponds to the second light source 10B. Therefore,
the first collimating lens 13A which has the larger curvature radius forms a larger image at the light condensed position
(that is, the condensed shape is made larger) than the second collimating lens 13B.
[0109] Accordingly, by making different the focal length of the collimating Lens, an effect to be similar to the above
mentioned second shift. With referring to Fig.2, the condensed shape is compared when a light emitted the first light
source 10A and the second light source 10B is condensed onto the phosphor wheel 30 by the condenser lens 20. As
illustrated in Fig .2, a length of the axis of the oval shape with horizontal longer axis which is formed by the first light
source 10A is longer than a length of the axis of the oval shape with vertical longer axis which is formed by the second
light source 10B.
[0110] Accordingly, in this embodiment, it is also possible to obtain a condensed shape (beam shape) with an aspect
ratio whose horizontal length is longer (or whose vertical length is longer) on the phosphor wheel 30 which is the light
condensed position formed by the condensed lens 20. Therefore, it is possible to obtain a condensed shape (beam
shape) having any desired size and any desired aspect ratio by selecting the focal length of the collimating lens and the
position of the collimating lens from the focusing position adequately. While a condensed shape (beam shape) having
a dimension of 1.5 mm length x 2mm width can be exemplified as one example of the desired size and aspect ratio, it
is not limited thereto.
[0111] As mentioned above, since the focal length of the first collimating lens 13A which forms the first lens array 14A
of the first light source 10A in which the direction of the short axis of the condensed shape thereof is the first direction
is different from the focal length of the second collimating lens 13B which forms the second lens array 14B of the second
light source 10B in which the direction of the short axis of the condensed shape thereof is the second direction, it is
possible to obtain a condensed shape (beam shape) with a desired size and a desired aspect ratio at the condensed
position by the condenser lens 20.
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[0112] As mentioned above, in another embodiment as illustrated in Figs. 3A, 3C, in the first light sources 10A which
utilizes the plurality of the laser diodes 12A and lens arrays 14A and the second light sources 10B which utilizes the
plurality of the laser diodes 12B and lens arrays 14B , it is possible to suppress degradation of the emission efficiency
of phosphor, and further in the condensed position, it is possible to obtain the condensed shape (beam shape) with the
desired size and the desired aspect ratio at the condensed position. Since the lights are condensed onto the different
positions by the first shift, the size of the condensed shape (beam shape) can also be adjusted.
[0113] In this embodiment, the light source at least includes two of the first light sources 10A in which the direction of
the first shift is different by 180 degrees, and two of the second light sources 10B in which the direction of the first shift
is different by 180 degrees, it is possible to obtain two condensed shapes (beam shapes) of the first light source 10A
located at the symmetric positions with respect to the optical axis of the condensed lens 20 and two condensed shapes
(beam shapes) of the second light source 10B located at the symmetric positions with respect to the optical axis of the
condensed lens 20. Accordingly, it is possible to obtain the condensed shape (beam shape) which spreads with a certain
angle around the optical axis of the condenser lens 20.
[0114] Further, since the first shift is made in the direction of the short axis of the condensed shape of the laser diode
12A, 12B, a light emitted from each laser diode does not interfere with each other, and it is possible to suppress increase
of a light density adequately at the light condensed position.
[0115] Further, since the first direction and the second direction are different by 90 degrees, it is possible to obtain a
condensed shape (beam shape) with a desired aspect ratio by adjusting the second shift between the first lens array
14A and the second lens array 14B or a distance from the focusing position.
[0116] In another embodiment as illustrated in Figs.3A, 3B, while the first lens array 14A of the first light source 10A
and the second lens array 14B of the second light source 10B are placed at the defocusing position which is located
closer to the laser diode 12A, 12B than the focusing position, the first lens array 14A and the second lens array 14B can
adversely be positioned at the defocusing position which is located farther from the laser diode 12A, 12B than the focusing
position. Further, both of the lens arrays 14A, 14B can be positioned at the focusing position. In this case, the direction
of the short axis of the condensed shape corresponds to the direction of the short axis of the near field pattern, not the
short axis of the far field pattern.
[0117] While the light source apparatus having four light sources is exemplified in this embodiment, it is not limited
thereto, and any other light source apparatus having any number of light sources is included in the present invention.
For example, it can have a plurality of pairs of light sources in which one light source without the first shift is placed at
the optical axis of a condenser lens and another light source with the first shift is placed around the optical axis of a
condenser lens. In the present invention, a light source can be placed at any position so that the short axis of the
condensed shape thereof can have arbitrary direction.

<Description of Embodiment in which Individual Collimating lens is placed in Housing>

[0118] While the lens array formed by a plurality of collimating lenses is exemplified in the above mentioned embod-
iment, it is not limited thereto. As shown in the collimating lens of Fig.6, individual collimating lenses 13A, 13B (the right
part of Fig.6) can be used instead of the lens array 14A, 14B (the left part of Fig.6). In this case, individual collimating
lenses 13A, 13B are placed in the housing instead of the lens array 14A, 14B. The other configuration is basically the
same as the above mentioned one embodiment.
[0119] Thus, a light source apparatus 1 has a plurality of light sources 10A, 10B each including a laser diode 12 A,
12B and a collimating lens 13A, 13B which corresponds to the laser diode 12A, 12B, a condenser lens 20 which condenses
lights emitted from the light sources 10A, 10B, and a phosphor wheel 30 having a phosphor. Such phosphor wheel 30
transmits a light which is emitted from the condenser lens 20. At least in a part of the plurality of light sources 10 A, 10B,
the collimating lens 13A, 13B and the laser diode 12A, 12B are placed with the first shift such that an optical axis of the
collimating lens 13A, 13B is shifted from an optical axis of a light emitted from the laser diode 12A, 12B in the direction
perpendicular to the optical axis of the emitted light. The laser diodes 12A, 12B include a first laser diode 12A in which
a direction of a short axis of a condensed shape thereof is placed in a first direction, and a second laser diode 12B in
which a direction of a short axis of a condensed shape thereof is placed in a second direction which is different from the
first direction. The focal length of the collimating lens 13A which corresponds to the first laser diode 12A is different from
the focal length of the collimating lens 13B which corresponds to the second laser diode 12B.
[0120] According to this embodiment, since the collimating lens 13A, 13B is placed with the first shift such that the
optical axis of the collimating lens 13A, 13B is shifted from the optical axis of the light emitted from the corresponding
laser diode 12A, 12B in the direction perpendicular to the optical axis of the emitted light, lights emitted from the plurality
of light sources are condensed onto different positions on the phosphor wheel 30 (that is "on the phosphor") by the
condenser lens 20. Therefore, a light intensity at the light condensed position on the phosphor can be lowered, so that
a light which is emitted from the phosphor can be used efficiently.
[0121] Further, since the focal length of the collimating lens 13A which corresponds to the first laser diode 12A in
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which the direction of the short axis of the condensed shape thereof is the first direction is different from the focal length
of the collimating lens 13B which corresponds to the second laser diode 12B in which the direction of the short axis of
the condensed shape thereof is the second direction, a size of the condensed shape (beam shape) is different, and it
is possible to obtain a condensed shape (beam shape) with a desired size and a desired aspect ratio on the phosphor
wheel 30 (thus, on the phosphor) which is the condensed position by the condenser lens 20.
[0122] As mentioned above, according to this embodiment, in the plurality of light sources 10A, 10B which utilize the
laser diode 12A, 12B and the collimating lens 13A, 13B, it is possible to suppress degradation of the emission efficiency
of phosphor, and further in the condensed position, it is possible to obtain the condensed shape (beam shape) with the
desired aspect ratio at the condensed position. Since the lights are condensed onto the different positions by the first
shift, the size of the condensed shape (beam shape) can be adjusted.
[0123] According to this embodiment, in the pair of individual laser diode 12A, 12B and individual collimating lens 13A,
13B, since the first shift and the second shift with a different shifting amount or a different shifting direction can be made,
more detailed adjustment can be achieved.

(Description of Relationship between Collimating Lens Position and Light Intensity)

[0124] Next, relationship between the collimating lens position and the light intensity is described with referring to Figs.
5A to 5D. As illustrated in Fig. 5A, if the collimating lens is placed at the focusing position, the condensed shape at the
light condensed position is small and the peak light intensity is high (light density is high) as illustrated in Fig.5C. On the
contrary, as illustrated in Fig. 5B, if the collimating lens is placed at the position shifted from the focusing position, the
condensed shape at the light condensed position is large and the peak light intensity is low (light density is low) as
illustrated in Fig.5D. Therefore, in addition to the effect of the first shift such that lights emitted from the condensed lens
20 are condensed onto different positions on the phosphor, and thereby reducing the light density, the light density can
be further reduced by making the area of the light condensed position large according to the shift from the focusing
position. Accordingly, a light emitted from the phosphor can be used efficiently.
[0125] Further, the condensed shape (beam shape) with a desired aspect ratio can be formed by changing the shifting
amount from the focusing position in the first direction and the second direction according to the second shift.
[0126] In Fig. 5C, while the condensed shape in the case that the collimating lens is placed at the focusing position
is schematically illustrated smaller, it is possible to place the collimating lens in the focusing position according to the
usage.
[0127] Next, with referring to a graph of Fig. 7, an output efficiency of the phosphor in the case of the first shift and
the shift of the collimating lens from the focusing position (defocusing) is described.
[0128] The graph of Fig.7 illustrates relationship between an optical output of the light emitted from the phosphor and
an optical output of the excitation light emitted from the light source 10. A fine dotted line indicated by (A) shows the
case that neither the first shift nor the defocusing is performed. A dotted line indicated by (B) shows the case that only
the defocusing is performed. A solid line indicated by (C) shows the case that both the first shift and the defocusing are
performed.
[0129] In the case as indicated by the fine dotted line of (A) such that neither the first shift nor the defocusing is
performed, when the output of the excitation light is increased, the output of the light from the phosphor reached the
peak and then the output is decreased. In the case as indicated by the dotted line of (B) such that the defocusing is
performed but the first shift is not performed, when the output of the excitation light is increased, the output of the light
from the phosphor is also increased, but gradually saturated. On the contrary, in the case as indicated by the solid line
of (C) such that both the first shift and the defocusing are performed, when the output of the excitation light is increased,
it can suppress the saturation of the optical output of the light from the phosphor, and thus the phosphor can be used
effectively even if an output from the light source 10 is high. This is because the light density can be lowered at the light
condensed position SP, and thus the degradation of the emission efficiency of phosphor can be sufficiently suppressed.
[0130] Accordingly, combining the first shift and the defocusing allows lights emitted from the plurality of light sources
10 to be condensed onto different positions respectively and the area of the light condensed position of the light from
each light source 10 to be large enough, so that the light density can sufficiently be lowered and the degradation of the
emission efficiency of phosphor can be sufficiently suppressed.
[0131] As mentioned above, in the light source apparatus 1 according to the embodiment of the present invention, by
the first shift, the light condensed positions of the light emitted from the plurality of light source 10 are varied, and thereby
lowering the light density at the light condensed position. Further, by the defocusing such as shifting the location of the
collimating lens 13, the shape of the light condensed position SP of the phosphor can be enlarged without loss of the
etendue, and thus the light density at the light condensed position SP can be lowered. Accordingly, it can sufficiently
suppress the degradation of the emission efficiency of phosphor, and the phosphor can be used efficiently. Further,
since the plurality of light sources 10 having the same shape can be incorporated with changing its arrangement, the
productivity can be prevented from being lowered.
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[0132] The number of the light source 10 is not limited to that of the above mentioned embodiments, but can be any
number as long as the number is 4 or more. The number of the laser diode 12 in the light source 10 can be any number
as long as the number is 2 or more.
[0133] In the above mentioned embodiment, it is said that the first direction and the second direction are different by
90 degrees. It means that the angle formed by the first direction and the second direction is 90 degrees.

(Description of Projector)

[0134] Next, with referring to Fig. 8, a case that the above mentioned light source apparatus 1 is used as a light source
apparatus for the DLP projector of one-chip type is described. Fig. 8 illustrates a schematic diagram for describing a
configuration of a projector 100 having the light source apparatus 1 according to the above mentioned embodiments,
and it is schematic plan view seeing the light source apparatus 1 and the projector 100 from the above. The light source
apparatus 1 is schematically described in Fig.8, and the feature as shown in 1A, 1C, 3A, 3C etc. is not described.
[0135] In Fig.8, the light which is emitted from the light source apparatus 1 is reflected by DMD element (Digital
Micromirror Device) 110 which is a light modulating element, the reflected light forms an image, and thereby forming
the images, and then the image is enlarged and projected to the screen SC by a projecting lens 120 which acts as a
projecting device. In the DMD element 110, micro mirrors which correspond to each pixel of the images projected on
the screen are arranged in matrix. The light projected to the screen can be on/off controlled in micro seconds by changing
the inclined angle of each of the micro mirrors.
[0136] Further, it can change the intensity of the light which enters the projecting lens 120 according to the ratio
between the on time of each micro mirror and the off time of each micro mirror, and thus achieving the gradation display
based on the image data projected to the screen.
[0137] While the DMD element is used as a light modulating element in this embodiment, it is not limited thereto, and
any other light modulating element can be applied according to intended use. A light source apparatus and a projector
according to the present invention are not limited to the above mentioned embodiments, but various other embodiments
are included in the present invention.
[0138] While the present invention has been described according to the embodiments with a certain degrees of details,
contents of disclosure of the embodiments shall be varied in details of the configuration, and the combination of elements
and the change of order in the embodiment can be realized without deviating from the scope of the claims and concepts
of the present invention.

DESCRIPTION OF REFERENCE NUMBERS

[0139]

1 Light Source Apparatus
10 Light Source
10A First Light Source
10B Second Light Source
11 Housing
12 Laser diode
12A First Laser diode
12B Second Laser diode
13 Collimating lens
13A First Collimating lens
13B Second Collimating lens
14 Lens Array
14A First Lens Array
14B Second Lens Array
20 Condenser lens
21 Optical Axis of Condenser lens
30 Phosphor Wheel
31 Dielectric Film
32 Phosphor
40 Receiving Lens
50 Rotary Driving Apparatus
50a Rotating axis
60 Heat dissipation plate (Supporting Member)
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100 Projector
110 DMD Element
120 Projecting Lens
SC Screen
SP Light Condensed Position
FL Phosphor Position

Claims

1. A light source apparatus comprising:

a first light source (10A) including a first laser diode (12A) and a first collimating lens (13A) which corresponds
to said first laser diode (12A),
a second light source (10B) including a second laser diode (12B) and a second collimating lens (13B) which
corresponds to said second laser diode (12B),
a condenser lens (20) which condenses lights emitted from said light sources (10A, 10B), and
a phosphor wheel (30) having one or more phosphors (32), said phosphor wheel (30) transmitting a light which
is emitted from said condenser lens (20),
wherein with respect to each of the first and second light sources (10A, 10B), said collimating lens (13) and
said laser diode (12) are placed with a first shift such that an optical axis of said collimating lens (13) is shifted
from an optical axis of a light emitted from said laser diode (12) in the direction perpendicular to the optical axis
of the emitted light, in such a manner that the light from the first light source (10A) and the light from the second
source (10B) are condensed onto different positions on the phosphor wheel (30) by the condenser lens (20)
while the light from the first light source (10A) forms a beam shape at the condensed point on the phosphor
wheel (30), a direction of a short axis of the beam shape being placed in a first direction, and the light from the
second light source (10B) forms a beam shape at the condensed point on the phosphor wheel (30), a direction
of a short axis of the beam shape being placed in a second direction which is different from the first direction,
the first shift with respect to the first light source (10A) and the first shift with respect to the second light source
(10B) being identical to or different from each other, and
wherein said first collimating lens (13A) and said second collimating lens (13B) are placed with a second shift
from each other in a direction of the optical axis of said collimating lens while each of the first and second
collimating lens (13A, 13B) is placed at a position shifted from its focusing position.

2. A light source apparatus comprising:

a first light source (10A) including a first laser diode (12A) and a first collimating lens (13A) which corresponds
to said first laser diode (12A),
a second light source (10B) including a second laser diode (12B) and a second collimating lens (13B) which
corresponds to said second laser diode (12B),
a condenser lens (20) which condenses lights emitted from said light sources (10A, 10B), and
a phosphor wheel (30) having one or more phosphors (32), said phosphor wheel (30) transmitting a light which
is emitted from said condenser lens (20),
wherein with respect to each of the first and second light sources (10A, 10B), said collimating lens (13) and
said laser diode (12) are placed with a first shift such that an optical axis of said collimating lens (13) is shifted
from an optical axis of a light emitted from said laser diode (12) in the direction perpendicular to the optical axis
of the emitted light, in such a manner the light from the first light source (10A) and the light from the second
source (10B) are condensed onto different positions on the phosphor wheel (30) by the condenser lens (20)
while the light from the first light source (10A) forms a beam shape at the condensed point on the phosphor
wheel (30), a direction of a short axis of the beam shape being placed in a first direction, and the light from the
second light source (10B) forms a beam shape at the condensed point on the phosphor wheel (30), a direction
of a short axis of the beam shape being placed in a second direction which is different from the first direction,
the first shift with respect to the first light source (10A) and the first shift with respect to the second light source
(10A) being identical to or different from each other, and
wherein a focal length of said first collimating lens (13A) is different from a focal length of said second collimating
lens (13B).

3. The light source apparatus according to claims 1 or 2, further comprising:
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at least two of said first light sources (10A) in which a direction of their respective first shift is different from each
other by 180 degrees, and two of said second light sources (10B) in which a direction of their first shift is different
from each other by 180 degrees.

4. The light source apparatus according to any one of claims 1 to 3,
wherein said first shift is made in the direction of the short axis of the beam shape of said laser diode.

5. The light source apparatus according to any one of claims 1 to 4,
wherein said first direction and said second direction are different by 90 degrees.

6. The light source apparatus according to any one of claims 1 to 5,
wherein said light sources are mounted on a same surface of a supporting member.

7. The light source apparatus according to claim 6,
wherein said supporting member works as a heat dissipation member (60).

8. The light source apparatus according to any one of claims 1 to 7,
wherein the wavelength of lights emitted from said light sources ranges from 370 to 500nm.

9. The light source apparatus according to any one of claims 1 to 8,
wherein one of said phosphors (32) is a phosphor which emits a light including a red light.

10. A projector comprising:

the light source apparatus according to any one of claims 1 to 9,
a light modulating device which modulates lights emitted from the light source apparatus in the plurality of
wavelength ranges to form an image based on an image data,
a projecting device which enlarges and projects the image.

Patentansprüche

1. Lichtquellenvorrichtung, die aufweist:

eine erste Lichtquelle (10A), die eine erste Laserdiode (12A) und einen ersten Kollimator (13A), welcher der
ersten Laserdiode (12A) entspricht, umfasst,
eine zweite Lichtquelle (10B), die eine zweite Laserdiode (12B) und einen zweiten Kollimator (13B), welcher
der zweiten Laserdiode (12B) entspricht, umfasst,
eine Kondensorlinse (20), die Licht verdichtet, das von den genannten Lichtquellen (10A, 10B) emittiert wird, und
ein Leuchtstoffrad (30) mit einem oder mehreren Leuchtstoffen (32), wobei das Leuchtstoffrad (30) ein Licht
überträgt, das von der Kondensorlinse (20) ausgesendet wird,
wobei der Kollimator (13) und die Laserdiode (12) in Bezug auf jede der ersten und zweiten Lichtquellen (10A,
10B) mit einer ersten Verschiebung angeordnet sind, so dass eine optische Achse des Kollimators (13) von
einer optischen Achse eines von der Laserdiode (12) ausgesendeten Lichts in die Richtung senkrecht zu der
optischen Achse des ausgesendeten Lichts in einer derartigen Weise verschoben ist, dass das Licht von der
ersten Lichtquelle (10A) und das Licht von der zweiten Lichtquelle (10B) durch die Kondensorlinse (20) auf
verschiedene Positionen auf dem Leuchtstoffrad (30) verdichtet werden, während das Licht von der ersten
Lichtquelle (10A) an dem Verdichtungspunkt auf dem Leuchtstoffrad (30) eine Strahlform bildet, wobei eine
Richtung einer kurzen Achse der Strahlform in einer ersten Richtung angeordnet ist, und das Licht von der
zweiten Lichtquelle (10B) an dem Verdichtungspunkt auf dem Leuchtstoffrad (30) eine Strahlform bildet, wobei
eine Richtung einer kurzen Achse der Strahlform in einer zweiten Richtung angeordnet ist, die von der ersten
Richtung verschieden ist, wobei die erste Verschiebung in Bezug auf die erste Lichtquelle (10A) und die erste
Verschiebung in Bezug auf die zweite Lichtquelle (10B) identisch mit- oder verschieden voneinander sind, und
wobei der erste Kollimator (13A) und der zweite Kollimator (13B) in einer Richtung der optischen Achse des
Kollimators mit einer zweiten Verschiebung voneinander angeordnet sind, während jeder des ersten und zweiten
Kollimators (13A, 13B) an einer Position angeordnet ist, die von seiner Fokussierungsposition verschoben ist.

2. Lichtquellenvorrichtung, die aufweist:
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eine erste Lichtquelle (10A), die eine erste Laserdiode (12A) und einen ersten Kollimator (13A), welcher der
ersten Laserdiode (12A) entspricht, umfasst,
eine zweite Lichtquelle (10B), die eine zweite Laserdiode (12B) und einen zweiten Kollimator (13B), welcher
der zweiten Laserdiode (12B) entspricht, umfasst,
eine Kondensorlinse (20), die Licht verdichtet, das von den genannten Lichtquellen (10A, 10B) emittiert wird, und
ein Leuchtstoffrad (30) mit einem oder mehreren Leuchtstoffen (32), wobei das Leuchtstoffrad (30) ein Licht
überträgt, das von der Kondensorlinse (20) ausgesendet wird,
wobei der Kollimator (13) und die Laserdiode (12) in Bezug auf jede der ersten und zweiten Lichtquellen (10A,
10B) mit einer ersten Verschiebung angeordnet sind, so dass eine optische Achse des Kollimators (13) von
einer optischen Achse eines von der Laserdiode (12) ausgesendeten Lichts in die Richtung senkrecht zu der
optischen Achse des ausgesendeten Lichts in einer derartigen Weise verschoben ist, dass das Licht von der
ersten Lichtquelle (10A) und das Licht von der zweiten Lichtquelle (10B) durch die Kondensorlinse (20) auf
verschiedene Positionen auf dem Leuchtstoffrad (30) verdichtet werden, während das Licht von der ersten
Lichtquelle (10A) an dem Verdichtungspunkt auf dem Leuchtstoffrad (30) eine Strahlform bildet, wobei eine
Richtung einer kurzen Achse der Strahlform in einer ersten Richtung angeordnet ist, und das Licht von der
zweiten Lichtquelle (10B) an dem Verdichtungspunkt auf dem Leuchtstoffrad (30) eine Strahlform bildet, wobei
eine Richtung einer kurzen Achse der Strahlform in einer zweiten Richtung angeordnet ist, die von der ersten
Richtung verschieden ist, wobei die erste Verschiebung in Bezug auf die erste Lichtquelle (10A) und die erste
Verschiebung in Bezug auf die zweite Lichtquelle (10B) identisch mit- oder verschieden voneinander sind, und
wobei eine Brennweite des ersten Kollimators (13A) verschieden von einer Brennweite des zweiten Kollimators
(13B) ist.

3. Lichtquellenvorrichtung nach Anspruch 1 oder 2, die ferner aufweist:

wenigstens zwei der genannten ersten Lichtquellen (10A), bei denen eine Richtung ihrer jeweiligen ersten
Verschiebung um 180 Grad verschieden voneinander ist, und wenigstens zwei der genannten zweiten Licht-
quellen (10B), bei denen eine Richtung ihrer ersten Verschiebung um 180 Grad verschieden voneinander ist.

4. Lichtquellenvorrichtung nach einem der Ansprüche 1 bis 3,
wobei die erste Verschiebung in die Richtung der kurzen Achse der Strahlform der Laserdiode erfolgt.

5. Lichtquellenvorrichtung nach einem der Ansprüche 1 bis 4,
wobei die erste Richtung und die zweite Richtung sich um 90 Grad unterscheiden.

6. Lichtquellenvorrichtung nach einem der Ansprüche 1 bis 5,
wobei die Lichtquellen auf einer gleichen Oberfläche eines Halteelements montiert sind.

7. Lichtquellenvorrichtung nach Anspruch 6,
wobei das Halteelement als ein Wärmeabführungselement (60) arbeitet.

8. Lichtquellenvorrichtung nach einem der Ansprüche 1 bis 7,
wobei die Wellenlänge von Licht, das von den Lichtquellen ausgesendet wird, von 370 bis 500 nm reicht.

9. Lichtquellenvorrichtung nach einem der Ansprüche 1 bis 8,
wobei einer der Leuchtstoffe (32) ein Leuchtstoff ist, der ein Licht einschließlich eines roten Lichts aussendet.

10. Projektor, der aufweist:

eine Lichtquellenvorrichtung nach einem der Ansprüche 1 bis 9,
eine Lichtmodulationsvorrichtung, die Licht, das von der Lichtquellenvorrichtung in der Vielzahl von Wellenlän-
genbereichen ausgesendet wird, moduliert, um basierend auf Bilddaten ein Bild zu erzeugen,
eine Projektionsvorrichtung, die das Bild vergrößert und projiziert.

Revendications

1. Appareil à source de lumière, comprenant :
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une première source de lumière (10A) comprenant une première diode laser (12A) et une première lentille de
collimation (13A) qui correspond à ladite première diode laser (12A),
une deuxième source de lumière (10B) comprenant une deuxième diode laser (12B) et une deuxième lentille
de collimation (13B) qui correspond à la dite deuxième diode laser (12B),
une lentille de condenseur (20) qui condense les lumières émises par lesdites sources de lumière (10A, 10B) et
une roue au phosphore (30) ayant un ou plusieurs phosphores (32), ladite roue au phosphore (30) transmettant
une lumière qui est émise en provenance de ladite lentille de condenseur (20),
ladite lentille de collimation (13) et ladite diode laser (12) étant placées, par rapport à chacune desdites première
et deuxième sources de lumière (10A, 10B), avec un premier décalage, de façon à ce qu’un axe optique de
ladite lentille de collimation (13) soit décalée d’un axe optique d’une lumière émise par ladite diode laser (12)
dans la direction perpendiculaire à l’axe optique de la lumière émise, de façon à ce que la lumière provenant
de la première source de lumière (10A) et la lumière provenant de la deuxième source de lumière (10B) soient
condensées sur différentes positions de la roue au phosphore (30) par la lentille de condenseur (20) tandis que
la lumière provenant de la première source de lumière (10A) présente la forme d’un faisceau au niveau du point
condensé sur la roue au phosphore (30), une direction d’un axe court de la forme de faisceau étant placée dans
une première direction et la lumière provenant de la deuxième source de lumière (10B) présente la forme d’un
faisceau au niveau du point condensé sur la roue au phosphore (30), une direction d’un axe court de la forme
de faisceau étant placée dans une direction qui est différente de la première direction, le premier décalage par
rapport à la première source de lumière (10A) et le premier décalage par rapport à la deuxième source de
lumière (10B) étant identiques ou différentes l’un de l’autre et
ladite première lentille de collimation (13A) et ladite deuxième lentille de collimation (13B) étant placées avec
un deuxième décalage l’une par rapport à l’autre dans une direction de l’axe optique de ladite lentille de collimation
tandis que chacune des première et deuxième lentille de collimation (13A, 13B) est placée à une position
décalée par rapport à sa position de focalisation.

2. Appareil à source de lumière comprenant :

une première source de lumière (10A) comprenant une première diode laser (12A) et une première lentille de
collimation (13A) qui correspond à ladite première diode laser (12A),
une deuxième source de lumière (10B) comprenant une deuxième diode laser (12B) et une deuxième lentille
de collimation (13B) qui correspond à ladite deuxième diode laser (12B),
une lentille de condenseur (20) qui condense la lumière émise par lesdites sources de lumière (10A, 10B) et
une roue au phosphore (30) comprenant un ou plusieurs phosphores (32), ladite roue au phosphore (30)
transmettant une lumière qui est émise par ladite lentille de condenseur (20),
ladite lentille de collimation (13) et ladite diode laser (12) étant placées, par rapport à chacune des première et
deuxième sources de lumière (10A, 10B), avec un premier décalage de façon à ce qu’un axe optique de ladite
lentille de collimation (13) soit décalé d’un axe optique d’une lumière émise par ladite diode laser (12) dans la
direction perpendiculaire à l’axe optique de la lumière émise, de façon à ce que la lumière provenant de la
première source de lumière (10A) et la lumière provenant de la deuxième source de lumière (10B) soient
condensées sur différentes positions sur la roue au phosphore (30) par la lentille de condenseur (20) tandis
que la lumière provenant de la première source de lumière (10A) présente une forme de faisceau au niveau
du point condensé sur la roue au phosphore (30), une direction d’un axe court de la forme de faisceau étant
placée dans une première direction et la lumière provenant de la deuxième source de lumière (10B) présente
une forme de faisceau au niveau du point condensé sur la roue au phosphore (30), une direction d’un axe court
de la forme de faisceau étant placée dans une deuxième direction qui est différente de la première direction,
le premier décalage par rapport à la première source de lumière (10A) et le premier décalage par rapport à la
deuxième source de lumière (10B) étant identiques ou différents l’un de l’autre, et
une longueur focale de ladite lentille de collimation (13A) étant différente d’une longueur focale de ladite deuxiè-
me lentille de collimation (13B).

3. Appareil à source de lumière selon les revendications 1 ou 2, comprenant en outre :

au moins deux desdites premières sources de lumière (10A) dans lesquelles les directions de leurs premiers
décalages respectifs sont différentes les unes des autres de 180 degrés et deux desdites deuxièmes sources
de lumière (10B) dans lesquelles les directions de leurs premiers décalages sont différentes les unes des autres
de 180 degrés.

4. Appareil à source de lumière selon l’une des revendications 1 à 3,
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dans lequel ledit premier décalage est réalisé dans la direction de l’axe court de la forme de faisceau de ladite diode
laser.

5. Appareil à source de lumière selon l’une des revendications 1 à 4,
dans lequel ladite première direction et ladite deuxième direction sont différentes de 90 degrés.

6. Appareil à source de lumière selon l’une des revendications 1 à 5,
dans lequel lesdites sources de lumière sont montées sur une même surface d’un élément de support.

7. Appareil à source de lumière selon la revendication 6,
dans lequel ledit élément de support fonctionne comme un élément de dissipation de chaleur (60).

8. Appareil à source de lumière selon l’une des revendications 1 à 7,
dans lequel la longueur des lumières émises par lesdites sources de lumière est de l’ordre de 370 à 500 nm.

9. Appareil à source de lumière selon l’une des revendications 1 à 8,
dans lequel un desdits phosphores (32) est un phosphore qui émet une lumière comprenant une lumière rouge.

10. Projecteur comprenant :

l’appareil à source de lumière selon l’une des revendications 1 à 9,
un dispositif de modulation de lumière qui module la lumière émise par l’appareil à source de lumière dans la
pluralité de plages de longueurs d’ondes pour former une image basée sur des données d’image,
un dispositif de projection qui agrandit et projette l’image.
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