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(57) ABSTRACT

A phosphor wheel device includes: a phosphor wheel; a
motor; and a plurality of blades. The phosphor wheel has: a
disc-shaped substrate; and a phosphor disposed on one sur-
face of the substrate in a circumferential direction. The motor
rotatably drives the phosphor wheel. The plurality of blades
are fixed to the other surface of the substrate so as to be
integrally rotated with the phosphor wheel, and extend in a
radial direction of the phosphor wheel from an axis of rotation
of the motor.
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PHOSPHOR WHEEL DEVICE, PHOSPHOR
WHEEL DEVICE ACCOMMODATING
HOUSING AND PROJECTION-TYPE IMAGE

DISPLAY DEVICE
BACKGROUND
[0001] 1. Field of the Disclosure
[0002] The present disclosure relates to a phosphor wheel

device used in a projection-type image display device, a phos-
phor wheel device accommodating housing for housing a
phosphor wheel device therein, and a projection-type image
display device provided with a phosphor wheel device.
[0003] 2. Background Art

[0004] Unexamined Japanese Patent Publication No. 2003-
156796 (patent literature 1) discloses an illumination device.
In the illumination device, a rotary-type optical filter is used
in a form where a cooling fan for cooling heat generated by a
color filter is integrally formed with the optical filter. In the
optical filter, the cooling fan is rotated together with a color
filter, and the color filter is cooled by an air flow generated by
the cooling fan.

SUMMARY

[0005] This disclosure provides a phosphor wheel device, a
phosphor wheel device accommodating housing, and a pro-
jection-type image display device which can effectively radi-
ate heat generated by a phosphor wheel.

[0006] A phosphor wheel device according to this disclo-
sure includes: a phosphor wheel; a motor; and a plurality of
blades. The phosphor wheel has: a disc-shaped substrate; and
a phosphor disposed on one surface of the substrate in a
circumferential direction. The motor rotatably drives the
phosphor wheel. The plurality of blades are fixed to the other
surface of the substrate so as to be integrally rotated with the
phosphor wheel, and extend in a radial direction of the phos-
phor wheel from an axis of rotation of the motor.

[0007] A phosphor wheel device accommodating housing
according to this disclosure has a heat exchange element and
hermetically accommodates the above-mentioned phosphor
wheel device therein.

[0008] A projection-type image display device according
to this disclosure includes: the above-mentioned phosphor
wheel device; the above-mentioned phosphor wheel device
accommodating housing; an excitation light source generat-
ing excitation light which excites a phosphor; and an optical
modulation element generating image light by modulating
light emitted from the phosphor based on an image signal.
[0009] The phosphor wheel device according to this disclo-
sure is effectively used in efficiently cooling heat generated
by a phosphor.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1A is a plan view showing a front surface of a
phosphor wheel device according to a first exemplary
embodiment;

[0011] FIG. 1B is a side view of the phosphor wheel device
according to the first exemplary embodiment;

[0012] FIG.1Cisaplanview showing a back surface of the
phosphor wheel device according to the first exemplary
embodiment;

[0013] FIG. 2A is a perspective view showing the front
surface of the phosphor wheel device according to the first
exemplary embodiment;
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[0014] FIG. 2B is a perspective view showing the back
surface of the phosphor wheel device according to the first
exemplary embodiment;

[0015] FIG. 3A is a side view of a fan member which the
phosphor wheel device according to the first exemplary
embodiment includes;

[0016] FIG. 3B is a plan view of the fan member which the
phosphor wheel device according to the first exemplary
embodiment includes;

[0017] FIG. 3C is a perspective view of the fan member
which the phosphor wheel device according to the first exem-
plary embodiment includes;

[0018] FIG. 4isaviewschematically showing one example
of' the first structure of the phosphor wheel device according
to the first exemplary embodiment;

[0019] FIG. 5isaview schematically showing one example
of'the second structure of the phosphor wheel device accord-
ing to the first exemplary embodiment;

[0020] FIG. 61isaview schematically showing one example
of'the third structure of the phosphor wheel device according
to the first exemplary embodiment;

[0021] FIG. 7A is a plan view showing a front surface of a
phosphor wheel device according to a second exemplary
embodiment;

[0022] FIG. 7B is a side view of the phosphor wheel device
according to the second exemplary embodiment;

[0023] FIG. 7Cis a plan view showing a back surface of the
phosphor wheel device according to the second exemplary
embodiment;

[0024] FIG. 8A is a perspective view showing the front
surface of the phosphor wheel device according to the second
exemplary embodiment;

[0025] FIG. 8B is a perspective view showing the back
surface of the phosphor wheel device according to the second
exemplary embodiment;

[0026] FIG. 9A is a plan view showing a back surface of a
fan member which the phosphor wheel device according to
the second exemplary embodiment includes;

[0027] FIG. 9B is a side view of the fan member which the
phosphor wheel device according to the second exemplary
embodiment includes;

[0028] FIG.9C s aplan view showing a front surface ofthe
fan member which the phosphor wheel device according to
the second exemplary embodiment includes;

[0029] FIG. 10 is a perspective view of the fan member
which the phosphor wheel device according to the second
exemplary embodiment includes;

[0030] FIG. 11A is a perspective view showing a front
surface of a phosphor wheel device according to a third exem-
plary embodiment;

[0031] FIG. 11B is a perspective view showing a back
surface of the phosphor wheel device according to the third
exemplary embodiment;

[0032] FIG. 12 is a cross-sectional view of a phosphor
wheel device accommodating housing according to a fourth
exemplary embodiment;

[0033] FIG. 13 is a view schematically showing an air flow
generated in the phosphor wheel device accommodating
housing according to the fourth exemplary embodiment;
[0034] FIG. 14 is a cross-sectional view showing another
example of the phosphor wheel device accommodating hous-
ing according to the fourth exemplary embodiment;
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[0035] FIG. 15 is a cross-sectional view of a phosphor
wheel device accommodating housing according to a fifth
exemplary embodiment;

[0036] FIG. 16 is a view schematically showing one con-
figuration example of a projection-type image display device
according to a sixth exemplary embodiment;

[0037] FIG. 17 is a view schematically showing another
configuration example of the projection-type image display
device according to the sixth exemplary embodiment;
[0038] FIG. 18 is a view schematically showing one con-
figuration example of a projection-type image display device
according to a seventh exemplary embodiment; and

[0039] FIG. 19 is a plan view showing a surface of a phos-
phor wheel device which the projection-type image display
device according to the seventh exemplary embodiment
includes, a phosphor being formed on the surface.

DETAILED DESCRIPTION

[0040] Hereinafter, exemplary embodiments are explained
with reference to drawings suitably. However, descriptions
with more detail than necessary may be omitted. For example,
the detailed description with respect to matters which are
already well-known and the repeated description with respect
to the substantially same configurations may be omitted. This
is to prevent the following descriptions from being unneces-
sarily redundant thus facilitating the understanding of this
present disclosure by those who are skilled in the art.

[0041] Further, the attached drawings and the following
description are provided to enable those who are skilled in the
art to sufficiently understand the present disclosure, and the
gist of the present disclosure defined in the claims is not
intended to be restricted by the attached drawings and the
following description.

[0042] In the description made hereinafter, the same signs,
the same symbols or the same numerals indicate, unless oth-
erwise specified, identical components. Further, unless oth-
erwise specified, components which are not indispensable in
the present disclosure are not illustrated.

[0043] Hereinafter, a phosphor wheel device is described in
first to third exemplary embodiments. A housing for accom-
modating a phosphor wheel device (hereinafter referred to as
“phosphor wheel device accommodating housing” or simply
referred to as “accommodating housing™) is described in
fourth and fifth exemplary embodiments. A projection-type
image display device is described in sixth and seventh exem-
plary embodiments.

[0044] In the exemplary embodiments described hereinat-
ter, an example where excitation light is blue light B is
described. However, excitation light may be light having a
different wavelength.

First Exemplary Embodiment

[0045] Phosphor wheel device 100 according to the first
exemplary embodiment is described with reference to FIG.
1A to FIG. 3C.

[1-1: Configuration]

[0046] FIG. 1A is a plan view showing the front surface of
phosphor wheel device 100 according to the first exemplary
embodiment. FIG. 1B is a side view of phosphor wheel device
100 according to the first exemplary embodiment. FIG. 1C is
aplan view showing a back surface of phosphor wheel device
100 according to the first exemplary embodiment.
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[0047] FIG. 2A is a perspective view showing a front sur-
face of phosphor wheel device 100 according to the first
exemplary embodiment. FIG. 2B is a perspective view show-
ing a back surface of phosphor wheel device 100 of the first
exemplary embodiment.

[0048] FIG. 3A is a side view of fan member 210 which
phosphor wheel device 100 according to the first exemplary
embodiment includes. FIG. 3B is a plan view of fan member
210 which phosphor wheel device 100 according to the first
exemplary embodiment includes. FIG. 3C is a perspective
view of fan member 210 which phosphor wheel device 100 of
the first exemplary embodiment includes.

[0049] Phosphor wheel device 100 includes phosphor
wheel 103. Phosphor wheel 103 includes: disc-shaped sub-
strate 101 made of a heat conductive material; and phosphor
102 disposed in a vicinity of an outer periphery of substrate
101 along a circumferential direction with a substantially
fixed width.

[0050] Phosphor 102 is disposed on the circular circumfer-
ence of one surface of substrate 101 away from center O of
substrate 101 by a predetermined distance (approximately 3
cm, for example) in a circular annular shape with a predeter-
mined width (approximately 5 mm, for example,). In this
exemplary embodiment, for the sake of convenience, assume
one surface of substrate 101 as a front surface. Phosphor 102
is formed of a phosphor material which emits yellow light Ye,
for example. Phosphor 102 is, for example, formed by mixing
phosphor powder and a thermosetting resin with each other,
by applying the mixed material to the front surface of sub-
strate 101 by screen printing in a circular annular shape and,
thereafter, by curing the mixed material with heat in a heating
furnace. The above-mentioned numerical values merely indi-
cate one example, and this disclosure is not limited to these
numerical values at all. Further, the above-mentioned manu-
facturing method merely indicates one example.

[0051] As aheat conductive material for forming substrate
101, for example, an aluminum material or a sapphire glass
material can be used. However, this disclosure is not limited
to such a configuration at all. It is sufficient that a heat con-
ductive material for forming substrate 101 be a material hav-
ing favorable heat conductivity and being easily formed into
the substrate by working.

[0052] Motor 104 which rotatably drives substrate 101 is
mounted on phosphor wheel 103. Although motor 104 is a
spindle motor, for example, a kind of motor 104 is not limited
in this disclosure.

[0053] As shown in FIG. 2B, rotor 104a of motor 104 is
mounted on the other surface (a surface opposite to the sur-
face on which phosphor 102 is disposed) of substrate 101, and
stator 1045 of motor 104 is mounted on a support member
(not shown in the drawing) for supporting phosphor wheel
device 100. In this exemplary embodiment, for the sake of
convenience, assume the other surface of substrate 101 as a
back surface. In motor 104, with the supply of a drive voltage
to stator 1045 through flexible printed circuit board 105, rotor
104a is rotatably driven.

[0054] As shown in FIG. 1C and FIG. 2B, fan member 210
in which a plurality of blades 211 are formed by bending a
stainless steel plate is mounted on the back surface of sub-
strate 101.

[0055] As shown in FIG. 1A to FIG. 3C, blades 211 are
formed by cutting and raising the stainless steel plate such
that blades 211 become substantially perpendicular to sub-
strate 101 when fan member 210 is mounted on substrate 101.



US 2016/0077326 Al

Further, blades 211 are formed substantially at equal intervals
such that, when fan member 210 is mounted on substrate 101,
blades 211 extend linearly from center O of substrate 101 (the
axis of rotation of motor 104) with predetermined inclination
(for example, 30 degrees) with respect to the radial direction
of phosphor wheel 103, and are positioned more inside (cen-
ter O side) than the position of phosphor 102. Fan member
210 is formed such that, when fan member 210 is mounted on
substrate 101, a distance from blades 211 to phosphor 102
becomes equal to or larger than a height (for example, 5 mm)
otf’blades 211. The above-mentioned numerical values merely
indicate one example, and this disclosure is not limited to
these numerical values at all.

[0056] Screw holes 213 which are aligned with screw holes
106 formed in substrate 101 are formed in fan member 210,
and opening 212 aligned with rotor 104a of motor 104 is
formed in a center portion of fan member 210.

[0057] Rotor 1044 of motor 104 is fitted in opening 212 of
fan member 210. By threadedly engaging screws (not show-
ing in the drawing) inserted into screw holes 106 into screw
holes 213 formed in fan member 210 from a front surface side
of substrate 101, fan member 210 is fixed to substrate 101.
Using these screws, rotor 104a of motor 104 is also fixed to
substrate 101 by screw fastening. That is, fan member 210 and
rotor 104a of motor 104 are fixed together to substrate 101 by
fastening using the screws which are threadedly engaged with
screw holes 106 and screw holes 213.

[0058] In this manner, fan member 210 is mounted on sub-
strate 101 such that fan member 210 is integrally rotated with
phosphor wheel 103. Accordingly, when phosphor wheel 103
is rotatably driven by motor 104, the plurality of blades 211
are also rotated in a circumferential direction of phosphor
wheel 103 about the axis of rotation of motor 104. Due to such
rotation, an air flow is generated by the plurality of blades
211.

[0059] In a projection-type image display device, when
brightness of excitation light outputted from an excitation
light source is increased so as to increase brightness of a
display image, a phosphor to which excitation light is applied
becomes a higher temperature and hence, the deterioration of
the phosphoris liable to progress. Further, when the phosphor
becomes a high temperature, light emission efficiency is low-
ered and hence, brightness of emitted light is lowered. The
deterioration of motor is also liable to progress under a high
temperature. Accordingly, it is desirable that a phosphor
wheel on which a motor is integrally mounted be used with
the phosphor wheel being appropriately cooled.

[0060] In phosphor wheel 103 according to this exemplary
embodiment, as described above, when phosphor wheel 103
is rotatably driven by motor 104, an air flow is generated by
the plurality of blades 211. Accordingly, with an air flow
generated by the rotation of the plurality of blades 211
together with the substrate 101, it is possible to effectively
cool phosphor 102 whose temperature is elevated by being
heated by excitation light and substrate 101 heated by heat of
phosphor 102.

[0061] In phosphor wheel device 100 of this exemplary
embodiment, fan member 210 is formed of a stainless steel
plate and hence, it is possible to form fan member 210 rigidly
at a low cost using a thin material.

[0062] A material for forming fan member 210 is not lim-
ited to stainless steel. Fan member 210 may be formed of a
steel plate where rust prevention treatment is applied to an
iron plate or the like.
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[1-2. Structure]

[0063] Next, the structure of phosphor wheel device 100 is
described with reference to FIG. 4 to FIG. 6.

[0064] FIG. 41isaview schematically showing one example
of'the first structure of phosphor wheel device 100 according
to the first exemplary embodiment.

[0065] FIG.5isaview schematically showing one example
of'the second structure of phosphor wheel device 100 accord-
ing to the first exemplary embodiment.

[0066] FIG. 61isaview schematically showing one example
of'the third structure of phosphor wheel device 100 according
to the first exemplary embodiment.

[0067] Hereinafter, this exemplary embodiment is
described using an XYZ orthogonal coordinate system for the
sake of the convenience. In FIG. 4 to FIG. 6, the direction
perpendicular to the back surface of substrate 101 is set as
“+Y direction”, the radial direction of substrate 101 is set as
“+X direction”, and the radial direction of substrate 101
orthogonal to the X axis is set as “+Z direction”.

[0068] Hereinafter, the first structure (phosphor wheel
device 100), the second structure (phosphor wheel device
100a) and the third structure (phosphor wheel device 1005)
are described in this order.

[1-2-1. First Structure]

[0069] A substrate of phosphor wheel device may be
formed of a material which easily reflects light (reflective
material).

[0070] In the first structure shown in FIG. 4, substrate 101
of phosphor wheel device 100 is formed of a reflective mate-
rial such as aluminum, for example.

[0071] Further, a region of a front surface of substrate 101
onwhich at least phosphor 102 is disposed is formed such that
working (for example, mirror finish working) is applied to a
surface so as to make the surface reflect light emitted from
phosphor 102. Mirror finish working may be applied to the
whole front surface of substrate 101, for example.

[0072] In the first structure, as shown in FIG. 4, blue exci-
tation light B emitted from an excitation light source (not
shown in the drawing) is made to advance in the +Y direction
(from below to above in the drawing) and is applied to phos-
phor 102. When phosphor 102 is a red phosphor, phosphor
102 to which excitation light B is applied emits red light R.
When phosphor 102 is a green phosphor, phosphor 102 to
which excitation light B is applied emits green light G. A
portion of light (R, G) emitted from phosphor 102 is emitted
inthe -Y direction (from above to below in the drawing) from
phosphor 102. On the other hand, another portion of light (R,
(3) emitted from phosphor 102 is emitted in the +Y direction
from phosphor 102, is reflected on the surface of substrate
101, and is emitted in the =Y direction from the front surface
of substrate 101.

[0073] In this manner, in the first structure, it is possible to
acquirer red light R and green light G emitted from phosphor
wheel device 100 in the -Y direction.

[0074] In phosphor wheel device 100, distance I from
blades 211 to phosphor 102 is set to be equal to or larger than
height H of blades 211. Such distance L is set due to the
following reason. An air flow generated by rotating blades
211 is moved while gradually increasing a speed in the direc-
tion indicated by an arrow of a solid line in the drawing. In
phosphor wheel device 100, to cool phosphor 102, it is
required to generate an air flow having a sufficient speed in a
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vicinity of the position of phosphor 102. However, it is con-
firmed by an experiment that when blades 211 are excessively
long, an air flow cannot acquire a sufficient speed in the
vicinity of the position of phosphor 102 so that a sufficient
cooling effect cannot be acquired. On the other hand, it is also
confirmed by an experiment that when distance L. from blades
211 to phosphor 102 is set to be equal to or larger than height
H of blades 211, an air flow can increase a speed within
distance L, and an air flow sufficient for cooling phosphor 102
is generated in the vicinity of the position of phosphor 102.
[0075] Dueto such areason, in phosphor wheel device 100,
distance L from blades 211 to phosphor 102 is set to be equal
to or larger than height H of blades 211, thus realizing a
sufficient cooling eftect. In these experiments, it is confirmed
that a cooling effect of 50° C. to 80° C. can be acquired by
providing blades 211 to phosphor wheel device 100 under the
above-mentioned condition. However, the cooling effect dif-
fers depending on various conditions and hence, this disclo-
sure is not limited to these values.

[1-2-2. Second Structure]

[0076] The substrate of the phosphor wheel device may be
formed of a material which minimally reflects light (non-
reflective material).

[0077] In the second structure shown in FIG. 5, substrate
101a of phosphor wheel device 100qa is formed of a non-
reflective material.

[0078] However, in this case, in phosphor wheel device
100a, on a region of substrate 101a where phosphor 102 is
disposed, reflection film 300 having a surface thereof worked
(for example, mirror finish working) such that light is
reflected is formed by coating between substrate 101a and
phosphor 102. That is, in the second structure, reflection film
300 is formed on substrate 101a, and phosphor 102 is dis-
posed on reflection film 300. Accordingly, in the second struc-
ture, phosphor wheel device 1004 includes phosphor wheel
103a having substrate 101a, reflection film 300 and phosphor
102.

[0079] In the second structure, in the same manner as the
first structure, blue excitation light B emitted from an excita-
tion light source (not shown in the drawing) is made to
advance in the +Y direction and is applied to phosphor 102.
Phosphor 102 to which excitation light B is applied emits a
portion of emitted light (R, G) in the -Y direction from
phosphor 102, and emits another portion of emitted light (R,
() in the +Y direction from phosphor 102. Light (R, G)
emitted from phosphor 102 which advances in the +Y direc-
tion is reflected on a front surface of reflection film 300 which
is formed on substrate 1014, and is emitted in the Y direction
from a front surface of substrate 1014 in the same manner as
the first structure shown in FIG. 4.

[0080] In this manner, in the second structure, in the same
manner as the first structure, it is possible to acquirer red light
R and green light G emitted from phosphor wheel device
1004 in the -Y direction.

[0081] Inthesecond structure, reflection film 300 is formed
on substrate 101a such that reflection film 300 corresponds to
at least the region where phosphor 102 is disposed. However,
reflection film 300 may be formed on the whole surface of
substrate 101a where phosphor 102 is disposed.

[0082] Also in phosphor wheel device 1004, distance L
from blades 211 to phosphor 102 is set equal to or larger than
height H of blades 211, thus realizing a sufficient cooling
effect.
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[1-2-3. Third Structure]

[0083] A substrate of a phosphor wheel device may be
formed of a material which allows light to pass therethrough
(light transmitting material).

[0084] Inthethird structure shown in FIG. 6, substrate 10154
of phosphor wheel device 1005 is formed of a light transmis-
sion material such as sapphire glass, for example.

[0085] In this case, in phosphor wheel device 1005, on a
surface of substrate 1015 where phosphor 102 is disposed,
dichroic film 400 having a characteristic of allowing excita-
tion light (for example, blue light B) to pass therethrough and
a characteristic of reflecting light emitted from phosphor 102
(for example, mixed light of green light G and red light R,
hereinafter, referred to as yellow light Ye) is formed by coat-
ing. That is, in the third structure, dichroic film 400 is formed
on substrate 1015, and phosphor 102 is disposed on dichroic
film 400. Accordingly, in the third structure, phosphor wheel
device 1004 includes phosphor wheel 1035 having; substrate
10154; dichroic film 400; and phosphor 102. Hereinafter, a
case is exemplified where excitation light is blue light B, and
phosphor 102 is formed of a phosphor material which emits
yellow light Ye.

[0086] In the third structure, unlike the first and second
structures, as shown in FIG. 6, blue excitation light (blue light
B) emitted from an excitation light source (not shown in the
drawing) is made to advance in the -Y direction (from above
to below in the drawing), and is applied toward phosphor 102
from a back surface side of substrate 1015. Excitation light B
passes through substrate 1015 and dichroic film 400, and is
applied to phosphor 102 so as to excite phosphor 102.
[0087] Phosphor 102 to which excitation light B is applied
emits a portion of emitted light (yellow light Ye) in the -Y
direction from phosphor 102, and emits another portion of the
emitted light (yellow light Ye) in the +Y direction from phos-
phor 102. Light (yellow light Ye) emitted from phosphor 102
which advances in the +Y direction is reflected on dichroic
film 400 formed on substrate 1015, and is emitted in the =Y
direction from a front surface of substrate 1015.

[0088] A portion of excitation light (blue light B) passes
through phosphor 102 without being used for excitation of
phosphor 102, and is emitted in the -Y direction from phos-
phor 102. As a result, light emitted from phosphor 102
becomes mixed light of yellow light Ye and blue light B, that
is, white light W.

[0089] Inthis manner, in the third structure, it is possible to
acquirer white light W as light emitted from phosphor wheel
device 1005 in the -Y direction.

[0090] Also in phosphor wheel device 1005, distance L
from blades 211 to phosphor 102 is set equal to or larger than
height H of blades 211, thus realizing a sufficient cooling
effect.

[1-3. Effects and Others]

[0091] As described above, in this exemplary embodiment,
the phosphor wheel device includes: the phosphor wheel; the
motor; and the plurality of blades. The phosphor wheel has:
the disc-shaped substrate; and the phosphor disposed on one
surface of the substrate in a circumferential direction. The
motor rotatably drives the phosphor wheel. The plurality of
blades are fixed to the other surface of the substrate so as to be
integrally rotated with the phosphor wheel, and extend in a
radial direction of the phosphor wheel from an axis of rotation
of the motor.
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[0092] Inthe phosphor wheel device, it is desirable that the
blades are disposed on the other surface of the substrate such
that the blades are positioned more inside than a position of
the phosphor. It is also desirable that a distance from the
blades to the phosphor is set equal to or larger than a height of
the blades.

[0093] In the phosphor wheel device, the fan member hav-
ing the plurality of blades may be fixedly mounted on the
other surface of the substrate.

[0094] In the phosphor wheel device, the fan member may
be formed by bending a metal plate.

[0095] In the phosphor wheel device, at least a region,
where the phosphor is disposed, of the one surface of the
substrate having undergone a surface treatment such that the
region reflects light emitted from the phosphor.

[0096] In the phosphor wheel device, the substrate may be
formed of a heat conductive material.

[0097] According to this exemplary embodiment, it is pos-
sible to effectively cool the phosphor, the substrate and the
like, whose temperatures are elevated by being heated by the
excitation light, by an air flow generated due to the rotation of
the plurality of blades together with the substrate.

[0098] Each of phosphor wheel devices 100, 100a, 1005 is
one example of the phosphor wheel device. Each of phosphor
wheels 103, 1034, 1035 is one example of the phosphor
wheel. Motor 104 is one example of the motor. Blades 211 are
one example of blades. Each of substrates 101, 101a, 1015 is
one example of the substrate. Phosphor 102 is one example of
the phosphor. Fan member 210 is one example of the fan
member. A stainless steel plate is one example of a metal plate
used for forming the fan member. Each of aluminum and
sapphire glass is one example of heat conductive material for
forming the substrate. Aluminum is one example of a material
having a surface thereof worked so as to reflect light emitted
from the phosphor. Reflection film 300 is one example of a
surface to which working is applied such that light emitted
from the phosphor is reflected. Blue light B is one example of
excitation light.

Second Exemplary Embodiment

[0099] Phosphor wheel device 120 according to the second
exemplary embodiment is described with reference to FIG.
7A to FIG. 10.

[2-1. Configuration]

[0100] FIG. 7A is a plan view showing a front surface of
phosphor wheel device 120 according to the second exem-
plary embodiment. FIG. 7B is a side view of phosphor wheel
device 120 according to the second exemplary embodiment.
FIG. 7C is a plan view showing a back surface of phosphor
wheel device 120 according to the second exemplary embodi-
ment.

[0101] FIG. 8A is a perspective view showing a front sur-
face of phosphor wheel device 120 according to the second
exemplary embodiment. FIG. 8B is a perspective view show-
ing the back surface of phosphor wheel device 120 according
to the second exemplary embodiment.

[0102] FIG.9Aisaplan view showing a back surface of fan
member 220 which phosphor wheel device 120 according to
the second exemplary embodiment includes. FIG. 9B is a side
view of fan member 220 which phosphor wheel device 120
according to the second exemplary embodiment includes.
FIG. 9C is a plan view showing a front surface of fan member
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220 which phosphor wheel device 120 according to the sec-
ond exemplary embodiment includes.

[0103] FIG. 10 is a perspective view of fan member 220
which phosphor wheel device 120 according to the second
exemplary embodiment includes.

[0104] In the second exemplary embodiment, components
equal to the components of the first exemplary embodiment
are given the same symbols and the repeated description of
these components is omitted.

[0105] In the first exemplary embodiment, the description
is made with respect to fan member 210 in which the plurality
of blades 211 are formed by bending a stainless steel plate.
Phosphor wheel device 120 according to the second exem-
plary embodiment differs from phosphor wheel device 100
according to the first exemplary embodiment with respect to
a point that fan member 220 having a plurality of blades 221
is formed by cutting aluminum. Since phosphor wheel device
120 according to the second exemplary embodiment is sub-
stantially equal to phosphor wheel device 100, phosphor
wheel device 100a or phosphor wheel device 1005 according
to the first exemplary embodiment except for the above-
mentioned point, the repeated description of other compo-
nents is omitted.

[0106] As shown in FIG. 9A to FIG. 10, the plurality of
blades 221 are integrally formed with fan member 220.
[0107] As shown in FIG. 7A to FIG. 10, blades 221 are
formed such that blades 221 become substantially perpen-
dicular to substrate 101 when fan member 220 is mounted on
substrate 101. Further, blades 221 are formed substantially at
equal intervals such that, when fan member 220 is mounted
on substrate 101, blades 221 extend in a curved shape from
center O of the substrate (the axis of rotation of motor 104)
with predetermined inclination with respect to the radial
direction of phosphor wheel 103, and blades 221 are posi-
tioned more inside (center O side) than the position of phos-
phor 102. Fan member 220 is formed such that, when fan
member 220 is mounted on substrate 101, a distance from
blades 221 to phosphor 102 is set equal to or larger than a
height of blades 221.

[0108] Blades 221 may not extend in a curved shape.
Blades 221 may have substantially the same shape as blades
211 described in the first exemplary embodiment.

[0109] Screw holes 223 which are aligned with screw holes
106 formed in substrate 101 are formed in fan member 220,
and opening 222 aligned with rotor 104a of motor 104 is
formed in a center portion of fan member 220.

[0110] Rotor 1044 of motor 104 is fitted in opening 222 of
fan member 220. As shown in FIG. 7A to FIG. 8B, by thread-
edly engaging screw holes 106 formed in substrate 101 and
screw holes 223 formed in fan member 220 by screws (not
showing in the drawing), fan member 220 is fixed to substrate
101 together with rotor 104a of motor 104.

[0111] In this manner, in the second exemplary embodi-
ment, fan member 220 is mounted on substrate 101 such that
fan member 220 is integrally rotated with phosphor wheel
103 in the same manner as the first exemplary embodiment.
Accordingly, when phosphor wheel 103 is rotatably driven by
motor 104, the plurality of blades 221 are also rotated in a
circumferential direction of phosphor wheel 103 about the
axis of rotation of motor 104. Due to such rotation, an air flow
is generated by the plurality of blades 221.

[0112] Accordingly, also in this exemplary embodiment, it
is possibleto eftectively cool phosphor 102, substrate 101 and
the like, whose temperatures are elevated by being heated by
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excitation light, by an air flow generated by rotating the
plurality of blades 221 together with the substrate 101.
[0113] The restriction in terms of working is imposed at the
time of applying press working to a metal plate. Fan member
220 of phosphor wheel device 120 is formed by cutting alu-
minum and hence, in this exemplary embodiment, fan mem-
ber 220 can be formed without being constrained by such
restriction. For example, the wheel (portion brought into con-
tact with the substrate) and the fan (a plurality of blades) can
be formed separately from each other and hence, the wheel
and the fan can be formed of aluminums having different
properties. For example, a case is also considered where a
highly pure aluminum alloy which exhibits excellent thermal
conductivity is used as a material for forming the wheel, and
an aluminum alloy which exhibits excellent workability and
high rigidity is used for forming the fan portion.

[0114] In the second exemplary embodiment, the configu-
ration example is described where fan member 220 is
mounted on phosphor wheel 103 having the first structure
described in first exemplary embodiment and shown in FIG.
4. However, fan member 220 may be mounted on phosphor
wheel 1034 having the second structure shown in FIG. 5 or
phosphor wheel 1035 having the third structure shown in FI1G.
6.

[2.2 Effects and Others]

[0115] As described above, in this exemplary embodiment,
the phosphor wheel device includes: the phosphor wheel; the
motor; and the plurality of blades. The phosphor wheel has:
the disc-shaped substrate; and the phosphor disposed on one
surface of the substrate in a circumferential direction. The
motor rotatably drives the phosphor wheel. The plurality of
blades are fixed to the other surface of the substrate so as to be
integrally rotated with the phosphor wheel, and extend in a
radial direction of the phosphor wheel from the axis of rota-
tion of the motor.

[0116] Inthe phosphor wheel device, it is desirable that the
blades are disposed on the other surface of the substrate such
that the blades are positioned more inside than a position of
the phosphor. It is also desirable that a distance from the
blades to the phosphor is set equal to or larger than a height of
the blades.

[0117] Accordingly, also according to this exemplary
embodiment, it is possible to effectively cool the phosphor,
the substrate and the like whose temperatures are elevated by
being heated by the excitation light by an air flow generated
due to the rotation of the plurality of blades together with the
substrate.

[0118] Phosphor wheel device 120 is one example of the
phosphor wheel device. Each of blades 221 formed integrally
with fan member 220 by cutting aluminum is one example of
blades.

Third Exemplary Embodiment

[0119] Hereinafter, phosphor wheel device 130 of the third
exemplary embodiment is described with reference to FIG.
11A and FIG. 11B.

[3-1. Configuration]

[0120] FIG. 11A is a perspective view showing a front
surface of phosphor wheel device 130 according to the third
exemplary embodiment, and FIG. 11B is a perspective view
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showing a back surface of phosphor wheel device 130 accord-
ing to the third exemplary embodiment.

[0121] In the third exemplary embodiment, components
equal to the components of the first exemplary embodiment or
the second exemplary embodiment are given the same sym-
bols and the repeated description of these components is
omitted.

[0122] In the first exemplary embodiment, the description
is made with respect to the example where phosphor wheel
device 100 is formed by mounting fan member 210 having the
plurality of blades 211 on substrate 101. In the second exem-
plary embodiment, the description is made with respect to the
example where phosphor wheel device 120 is formed by
mounting fan member 220 having the plurality of blades 221
onsubstrate 101. The phosphor wheel device 130 described in
the third exemplary embodiment differs from the phosphor
wheel devices 100, 120 described in the first and second
exemplary embodiments with respect to a point that substrate
111 inthat a plurality of blades 230 are formed integrally with
substrate 111. Since phosphor wheel device 130 according to
the third exemplary embodiment is substantially equal to
phosphor wheel device 100, phosphor wheel device 100a or
phosphor wheel device 1005 described in the first exemplary
embodiment except for the above-mentioned point, the
repeated description of other components is omitted.

[0123] Phosphor wheel device 130 includes disc-shaped
substrate 111 formed of a heat conductive material. A plural-
ity of blades 230 are formed on a back surface (a surface on
which motor 104 is mounted) of substrate 111 in such a
manner that blades 230 are integrally formed with substrate
111. Screw holes 223 for fastening rotor 104a of motor 104 to
substrate 111 are formed in substrate 111. Substrate 111 is
formed together with the plurality of blades 230 by die casting
using aluminum as a material, for example. Phosphor 102 is
formed on a front surface (a surface on which motor 104 is not
mounted) of substrate 111 in the same manner as the first
exemplary embodiment. Then, rotor 104a of motor 104 is
fixed to substrate 111 by threadedly engaging screws with
screw holes 223 formed in substrate 111. The shape of blades
230 is substantially equal to the shape of blades 221 explained
in the second exemplary embodiment and hence, the repeated
description of the shape of blades is omitted.

[0124] Also in the third exemplary embodiment, in the
same manner as the first and second exemplary embodiments,
blades 230 are integrally rotated with substrate 111. Accord-
ingly, when substrate 111 is rotatably driven by motor 104,
the plurality of' blades 230 are also rotated in the same manner
and an air flow is generated by the plurality of blades 230.

[0125] Accordingly, also in this exemplary embodiment,
with an air flow generated by rotating the plurality of blades
230 together with the substrate 111, it is possible to effec-
tively cool phosphor 102, substrate 111 and the like whose
temperatures are elevated by being heated by excitation light.

[0126] In this exemplary embodiment, the plurality of
blades 230 are integrally formed with substrate 111 and
hence, it is unnecessary to provide a fan member in addition
to the substrate.

[0127] Further, the plurality of blades 230 are integrally
formed with substrate 111 and hence, compared to the con-
figuration where the fan member is mounted on the substrate,
phosphor wheel device 130 configuration exhibits higher heat
conductivity from substrate 111 to blades 230. Accordingly,
in substrate 111, blades 230 per se function as a heat radiator.
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Therefore, in this exemplary embodiment, phosphor wheel
device 130 can be cooled more effectively.

[0128] A method for manufacturing substrate 111 is no way
limited to die casting and substrate 111 may be formed by
cold forging.

[0129] In the third exemplary embodiment, substrate 111
has the first structure shown in FIG. 4 in the first exemplary
embodiment. However, substrate 111 may have the second
structure shown in FIG. 5 or the third structure shown in FIG.
6.

[3.2 Effects and Others]

[0130] As described above, in this exemplary embodiment,
the phosphor wheel device includes: the phosphor wheel; the
motor; and the plurality of blades. The phosphor wheel has:
the disc-shaped substrate; and the phosphor disposed on one
surface of the substrate in a circumferential direction. The
motor rotatably drives the phosphor wheel. The plurality of
blades are fixed to the other surface of the substrate so as to be
integrally rotated with the phosphor wheel, and extend in a
radial direction of the phosphor wheel from the axis of rota-
tion of the motor.

[0131] Inthe phosphor wheel device, it is desirable that the
blades are disposed on the other surface of the substrate such
that the blades are positioned more inside than a position of
the phosphor. It is also desirable that a distance from the
blades to the phosphor is set equal to or larger than a height of
the blades.

[0132] In this phosphor wheel device, the plurality of
blades and the substrate may be integrally formed with each
other.

[0133] Also according to this exemplary embodiment, it is
possible to effectively cool the phosphor, the substrate and the
like, whose temperatures are elevated by being heated by the
excitation light, by an air flow generated due to the rotation of
the plurality of blades together with the substrate.

[0134] Phosphor wheel device 130 is one example of the
phosphor wheel device. Substrate 111 is one example of the
substrate. Blades 230 integrally formed on substrate 111 by
die casting using aluminum as a material is one example of
the blades.

Fourth Exemplary Embodiment

[0135] Hereinafter, phosphor wheel device accommodat-
ing housing 500 according to the fourth exemplary embodi-
ment is described with reference to FIG. 12.

[4-1. Configuration]

[0136] FIG.12is a cross-sectional view of phosphor wheel
device accommodating housing 500 according to the fourth
exemplary embodiment. In this exemplary embodiment, as
shown in FIG. 12, for the sake of convenience, the description
is made using an XYZ orthogonal coordinate set in the same
manner as FIG. 4.

[0137] In this exemplary embodiment, a configuration
example where phosphor wheel device 100 described in the
first exemplary embodiment is accommodated in accommo-
dating housing 500 is described. However, the phosphor
wheel device to be accommodated in accommodating hous-
ing 500 may be phosphor wheel device 120 described in the
second exemplary embodiment or may be phosphor wheel
device 130 described in the third exemplary embodiment.
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[0138] Although phosphor wheel device 100 to be accom-
modated in accommodating housing 500 has the first struc-
ture shown in FIG. 4 in the first exemplary embodiment,
phosphor wheel device 100a having the second structure
shown in FIG. 5 may be accommodated in accommodating
housing 500.

[0139] In the fourth exemplary embodiment, components
equal to the components of the first to third exemplary
embodiments are given the same symbols and the repeated
description of these components is omitted.

[0140] Inthe case where phosphor 102 formed on phosphor
wheel device 100 is excited by excitation light such as laser
beam thus emitting light, and the emitted light is used as a
light source of an illumination device, when dust or the like
adheres to a surface of phosphor 102, the dust is baked to
phosphor 102 thus giving rise to a possibility that light emis-
sion brightness of phosphor 102 is lowered. Accordingly, it is
desirable that phosphor wheel device 100 be hermetically
sealed in accommodating housing 500.

[0141] Accommodating housing 500 includes lid body 510
and container body 520. Lid body 510 and container body 520
are formed of a material having excellent heat conductivity
such as aluminum, for example. That is, accommodating
housing 500 is formed of a material having excellent heat
conductivity.

[0142] Container body 520 is configured such that phos-
phor wheel device 100 is accommodated in container body
520 and lid body 510 is mounted on container body 520. In a
state where lid body 510 is mounted on container body 520,
accommodating housing 500 exhibits a flat rectangular par-
allelepiped shape. First window 530 which allows incidence
of excitation light to enter therein and irradiation of light
emitted from phosphor 102 to outgo therefrom is formed in
container body 520 at a position which faces phosphor 102 of
phosphor wheel device 100 accommodated in accommodat-
ing housing 500. First window 530 is formed into a shape
such that first lens unit 540 can be fitted in first window 530.
Accommodating housing 500 is mounted on cabinet 600 of a
projection-type image display device, for example.

[0143] By fitting first lens unit 540 in first window 530, the
inside of container body 520 on which lid body 510 is
mounted is brought into a hermetically sealed state. That is,
accommodating housing 500 is formed into a hermetically
sealed housing and hence, the intrusion of dust into accom-
modating housing 500 from the outside can be prevented.

[0144] First lens unit 540 includes first lens 541 and second
lens 542 held on lens holding frame 543. In cabinet 600, an
optical system is set such that excitation light emitted from an
excitation light source (not shown in the drawing) is applied
in the +Y direction (from below to above in the drawing) as
indicated by a chain line in FIG. 12.

[0145] It is necessary to set a spaced-apart distance
between first lens unit 540 and phosphor 102 based on a focal
length of first lens unit 540. Accordingly, when blades 211 are
formed on the same plane as a plane on which phosphor 102
is disposed in the phosphor wheel device, the restriction in
design occurs such as the limitation on a height of blades 211.
However, in phosphor wheel device 100, blades 211 are
formed on a surface opposite to the surface on which phos-
phor 102 is disposed and hence, no such restriction occurs
whereby the flexibility on design is relatively high. The same
goes for other phosphor wheel devices described in this dis-
closure.
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[0146] Excitation light is converged to phosphor 102
formed on substrate 101 of phosphor wheel device 100 by
firstlens 541 and second lens 542. Then, converged excitation
light is applied to phosphor 102 so as to excite phosphor 102.
In this case, phosphor 102 formed on substrate 101 is heated
by converged excitation light so that temperatures of phos-
phor 102 and substrate 101 are elevated. In general, the dete-
rioration of phosphor 102 progresses when phosphor 102
becomes a high temperature and hence, light emission effi-
ciency of phosphor 102 is lowered. Accordingly, it is desir-
able to cool phosphor 102 for suppressing the lowering of
light emission efficiency.

[0147] Light emitted from phosphor 102 excited by excita-
tion light is, as indicated by a chain line in FIG. 12, emitted in
the -Y direction (from above to below in the drawing)
through second lens 542 and first lens 541.

[0148] Heat sink structure 580 provided with a plurality of
fins 581 is formed on an inner surface side and an outer
surface side of lid body 510. Heat sink structure 580 is one
example of a heat exchanging element. Further, heat sink
structure 550 provided with a plurality of fins 551 is formed
onan inner surface side and an outer surface side of a side wall
of'container body 520. Heat sink structure 550 is one example
of heat exchanging element. In this manner, accommodating
housing 500 includes heat sink structures 550, 580 which are
examples of heat exchange element respectively.

[0149] Phosphor wheel device 100 is disposed in accom-
modating housing 500 such that substrate 101 is rotated about
an A-A axis which forms an axis of rotation. When phosphor
wheel 103 is rotatably driven by motor 104, the plurality of
blades 211 are rotated together with the substrate 101, and an
air flow is generated in accommodating housing 500 by the
plurality of rotating blades 211.

[0150] FIG. 13 is a view schematically showing an air flow
generated in phosphor wheel device accommodating housing
500 according to the fourth exemplary embodiment. In FIG.
13, the rotational direction of phosphor wheel 103 and the
rough flow of an air flow are indicated by arrows. FIG. 13 is
a plan view of phosphor wheel device 100 as viewed from a
back surface side.

[0151] AsshowninFIG. 13, an air flow generated due to the
rotation of the plurality of blades 211 flows toward heat sink
structures 550, and flows along surfaces of the plurality of fins
551 which form heat sink structures 550. Heat sink structures
550 are disposed at positions which allow the air flow to flow
as described above. Although not shown in the drawing, the
same goes for heat sink structures 580. With such a configu-
ration, heat of air heated by phosphor wheel 103 is transferred
to heat sink structures 550, 580 so that heat sink structures
550, 580 are heated. As described above, heat sink structures
550, 580 are formed of a material having excellent heat con-
ductivity such as aluminum, for example, and hence, a heat
exchange is constantly performed between heat sink struc-
tures 550, 580 and outside air through fins 551, 581. Accord-
ingly, heat sink structures 550, 580 are cooled, and air which
passes along fins 551, 581 is cooled. Air cooled in this manner
returns to phosphor wheel 103 again, and phosphor wheel 103
is cooled by returned air.

[0152] As shown in FIG. 12, cooling fan 610 may be pro-
vided in a vicinity of side surfaces of accommodating housing
500 respectively. By cooling heat sink structures 550, 580
using supply air generated by cooling fans 610 as cooling air,
air in accommodating housing 500 can be cooled more effi-
ciently.
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[0153] In this manner, in accommodating housing 500, air
heated by heat generated when excitation light is applied to
phosphor 102 forms an air flow by blades 211 of fan member
210, and the air flow flows along surfaces of heat sink struc-
tures 550, 580. Accordingly, heat in accommodating housing
500 is radiated to the outside through heat sink structures 550,
580.

[0154] In this exemplary embodiment, heat sink structures
580 are integrally formed with lid body 510, and heat sink
structures 550 are integrally formed with container body 520.
Accordingly, it is unnecessary to provide the heat sink as a
body separately from accommodating housing 500.

[0155] FIG. 12 shows the configuration example where
heat sink structures 580 are mounted on lid body 510. How-
ever, the accommodating housing may be formed without
providing the heat sink structures to the lid body.

[0156] FIG. 14 is a cross-sectional view showing another
example of phosphor wheel device accommodating housing
501 according to the fourth exemplary embodiment.

[0157] Accommodating housing 501 includes: lid body
561; and container body 520 shown in FIG. 12.

[0158] Different from lid body 510 shown in FIG. 12, lid
body 561 shown in FIG. 14 does not have the heat sink
structure. Since accommodating housing 501 shown in FIG.
14 is substantially equal to accommodating housing 500
shown in FIG. 12 except for the above-mentioned point, the
repeated description of accommodating housing 501 is omit-
ted.

[0159] Inthis manner, accommodating housing 501 may be
configured such that the heat sink structures are not formed on
lid body 561, and heat sink structures 550 are formed only on
container body 520. This configuration facilitates the forma-
tion of lid body 561.

[4-2. Effects and Others]

[0160] As described above, in this exemplary embodiment,
the phosphor wheel device accommodating housing has the
heat exchange element, and hermetically accommodates the
phosphor wheel device therein. The phosphor wheel device
includes: the phosphor wheel; the motor; and the plurality of
blades. The phosphor wheel has: the disc-shaped substrate;
and the phosphor disposed on one surface of the substrate in
a circumferential direction. The motor rotatably drives the
phosphor wheel. The plurality of blades are fixed to the other
surface of the substrate so as to be integrally rotated with the
phosphor wheel, and extend in a radial direction of the phos-
phor wheel from the axis of rotation of the motor.

[0161] Inthe phosphor wheel device, it is desirable that the
blades are disposed on the other surface of the substrate such
that the blades are positioned more inside than a position of
the phosphor. It is also desirable that a distance from the
blades to the phosphor is set equal to or larger than a height of
the blades.

[0162] The phosphor wheel device accommodating hous-
ing may include a first window which allows incidence of
excitation light to enter therein and irradiation of light emitted
from the phosphor to outgo therefrom. The phosphor wheel
device is hermetically accommodated in the phosphor wheel
device accommodating housing by fitting the first lens unit
into the first window.

[0163] In this exemplary embodiment, it is possible to
effectively cool the phosphor, the substrate and the like,
whose temperatures are elevated by being heated by the exci-



US 2016/0077326 Al

tation light, by an air flow generated due to the rotation of the
plurality of blades together with the substrate.

[0164] Heatinthe accommodating housing can be radiated
to the outside through the heat exchange element.

[0165] Accommodating housings 500, 501 are examples of
the phosphor wheel device accommodating housing respec-
tively. Each of phosphor wheel devices 100, 1004, 120,130 is
one example of the phosphor wheel device hermetically
accommodated in the phosphor wheel device accommodat-
ing housing. Each of heat sink structures 550, 580 is one
example of the heat exchange element. First window 530 is
one example of the first window. First lens unit 540 is one
example of the first lens unit. Phosphor wheel 103 is one
example of the phosphor wheel. Motor 104 is one example of
the motor. Substrate 101 is one example of the substrate. Each
of blades 211 is one example of the blades. Phosphor 102 is
one example of the phosphor.

Fifth Exemplary Embodiment

[0166] Hereinafter, phosphor wheel device accommodat-
ing housing 502 according to a fifth exemplary embodiment is
described with reference to FIG. 15.

[5-1. Configuration]

[0167] FIG.15is a cross-sectional view of phosphor wheel
device accommodating housing 502 according to the fifth
exemplary embodiment. In this exemplary embodiment, as
shown in FIG. 15, for the sake of convenience, the description
is made using an XYZ orthogonal coordinate system set in the
same manner as FIG. 6.

[0168] In this exemplary embodiment, a configuration
example where phosphor wheel device 1006 which has the
third structure shown in FIG. 6 in the first exemplary embodi-
ment is accommodated in accommodating housing 502 hav-
ing a flat rectangular parallelepiped shape is described. The
phosphor wheel device to be accommodated in accommodat-
ing housing 502 may be phosphor wheel device 120 described
in the second exemplary embodiment or may be phosphor
wheel device 130 described in the third exemplary embodi-
ment. It is assumed that such phosphor wheel device has the
third structure shown in FIG. 6.

[0169] In the fifth exemplary embodiment, components
equal to the components of the first to fourth exemplary
embodiments are given the same symbols and the repeated
description of these components is omitted.

[0170] Accommodating housing 502 includes: lid body
562 having the structure different from lid body 510
described in the fourth exemplary embodiment; and container
body 520 having substantially the same structure as container
body 520 described in the fourth exemplary embodiment. Lid
body 562 and container body 520 are formed of a material
having excellent heat conductivity such as aluminum, for
example. That is, accommodating housing 502 is formed of a
material having excellent heat conductivity. The repeated
description of container body 520 is omitted.

[0171] A mechanism for cooling substrate 1015 in accom-
modating housing 502 is substantially equal to the mecha-
nism for cooling substrate 101 in accommodating housing
500, 501 described in fourth exemplary embodiment and
hence, the repeated description of the mechanism is omitted.
[0172] Second window 563 which allows incidence of
excitation light to enter therein is formed on lid body 562 on
aback surface side of phosphor 102 of phosphor wheel device
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1005 accommodated in accommodating housing 502. Second
window 563 is formed into a shape such that second lens unit
570 can be fitted in second window 563. Since first lens unit
540 is fitted in first window 530 of container body 520 and
second lens unit 570 is fitted in second window 563 of lid
body 562, accommodating housing 502 assumes a state
where the inside of accommodating housing 502 is hermeti-
cally sealed. That is, accommodating housing 502 is formed
into a hermetically sealed housing thus preventing the intru-
sion of dust from the outside. Accommodating housing 502
can be mounted on cabinet 602 of equipment, for example.
[0173] Second lens unit 570 is configured by mounting
third lens 572 for converging incident excitation light on light
incident member 571.

[0174] In cabinet 602, an optical system is set such that
excitation light emitted from an excitation light source is
applied in the -Y direction (from above to below in the
drawing) as indicated by a chain line in FIG. 15.

[0175] The excitation light is converged to phosphor 102
formed on substrate 1015 of phosphor wheel device 1005 by
third lens 572. In this case, the excitation light is applied to
phosphor 102 through substrate 1015 and dichroic film 400
from the back surface side of substrate 1015 as shown in FIG.
6 so as to excite phosphor 102. Phosphor 102 formed on
substrate 1015 is heated by the converged excitation light so
that a temperature of substrate 1015 is elevated. It is desirable
to cool heated phosphor 102 as described above.

[0176] Mixed light (white light W) formed of light emitted
from phosphor 102 excited by excitation light and excitation
light which passes through phosphor 102 without being used
for excitation is, as indicated by a chain line in FIG. 15,
emitted in the -Y direction (from above to below in the
drawing) through second lens 542 and first lens 541.

[0177] Also in accommodating housing 502 having such a
configuration, in the same manner as accommodating hous-
ings 500, 501 described in the fourth exemplary embodiment,
air heated by heat generated when excitation light is applied
to phosphor 102 forms an air flow by blades 211 of fan
member 210, and the air flow flows along a surface of heat
sink structure 550. Accordingly, heat in accommodating
housing 502 is radiated to the outside through heat sink struc-
ture 550.

[5-2. Effects and Others]

[0178] As described above, in this exemplary embodiment,
the phosphor wheel device accommodating housing has the
heat exchange element, and hermetically accommodates the
phosphor wheel device therein. The phosphor wheel device
includes: the phosphor wheel; the motor; and the plurality of
blades. The phosphor wheel has: the disc-shaped substrate;
and the phosphor disposed on one surface of the substrate in
a circumferential direction. The motor rotatably drives the
phosphor wheel. The plurality of blades are fixed to the other
surface of the substrate so as to be integrally rotated with the
phosphor wheel, and extend in a radial direction of the phos-
phor wheel from the axis of rotation of the motor.

[0179] Inthe phosphor wheel device, it is desirable that the
blades are disposed on the other surface of the substrate such
that the blades are positioned more inside than a position of
the phosphor. It is also desirable that a distance from the
blades to the phosphor is set equal to or larger than a height of
the blades.

[0180] The phosphor wheel device accommodating hous-
ing may include a first window which allows irradiation of
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light emitted from the phosphor to outgo therefrom and a
second window which allows incidence of excitation light to
enter therein. The phosphor wheel device is hermetically
accommodated in the phosphor wheel device accommodat-
ing housing by fitting the first lens unit into the first window
and by fitting the second lens unit into the second window.
[0181] Also in this exemplary embodiment, it is possible to
effectively cool the phosphor, the substrate and the like,
whose temperatures are elevated by being heated by the exci-
tation light, by an air flow generated due to the rotation of the
plurality of blades together with the substrate.

[0182] Heatinthe accommodating housing can be radiated
to the outside through the heat exchange element.

[0183] Accommodating housing 502 is one example of the
phosphor wheel device accommodating housing. Each of
phosphor wheel devices 1005, 120, 130 is one example of the
phosphor wheel device hermetically accommodated in the
phosphor wheel device accommodating housing. Heat sink
structure 550 is one example of the heat exchange element.
First window 530 is one example of the first window. Second
window 563 is one example of the second window. First lens
unit 540 is one example of'the first lens unit. Second lens unit
570 is one example of the second lens unit. Substrate 1015 is
one example of the substrate. Blade 211 is one example of the
blade. Phosphor 102 is one example of the phosphor.

Sixth Exemplary Embodiment

[0184] Hereinafter, a projection-type image display device
(hereinafter also referred to as “projector”) according to a
sixth exemplary embodiment is described with reference to
FIG. 16.

[6-1. Configuration]

[0185] FIG. 16 is a view schematically showing one con-
figuration example of a projection-type image display device
(projector 1000) according to the sixth exemplary embodi-
ment. Projector 1000 shown in FIG. 16 is a liquid crystal
projector where a liquid crystal panel is used as an optical
modulation element.

[0186] Optical modulation elements are elements for gen-
erating image light by modulating red light R, green light G
and blue light B based on image signals.

[0187] In this exemplary embodiment, a configuration
example where projector 1000 includes phosphor wheel
device 1005 which has the third structure shown in FIG. 6 in
the first exemplary embodiment is described. In this exem-
plary embodiment, a configuration example where the above-
mentioned accommodating housing is not used and phosphor
wheel device 1005 is directly mounted on projector 1000 is
described. The phosphor wheel device which projector 1000
includes may be phosphor wheel device 120 described in the
second exemplary embodiment or may be phosphor wheel
device 130 described in the third exemplary embodiment. [tis
assumed that the phosphor wheel device has the third struc-
ture shown in FIG. 6.

[0188] Inthis exemplary embodiment, as shown in FIG. 16,
for the sake of convenience, the description is made using an
XYZ orthogonal coordinate system. In FIG. 16, the direction
perpendicular to substrate 1015 of phosphor wheel device
1004 (advancing direction of excitation light) is set as the +X
direction, the radial direction of substrate 1015 is set as the +Y
direction, and the radial direction of substrate 1015 which is
orthogonal to the Y axis is set as the +Z direction.
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[0189] In the sixth exemplary embodiment, components
equal to the components of the first to fifth exemplary
embodiments are given the same symbols and the repeated
description of these components is omitted.

[0190] Projector 1000 includes: cabinet 601; blue laser
diodes 710; collimate lenses 720; lenses 730, 740, 820, dif-
fuser 750; light incident member 571; phosphor wheel device
1004; lens holding frame 543; first lens 541; second lens 542;
third lens 572; integrator lenses 811, 812; first dichroic mirror
841; second dichroic mirror 842; first mirror 843; second
mirror 844; third mirror 845; polarizers 851, 852, 853; blue
liquid crystal panel device 861; green liquid crystal panel
device 862; red liquid crystal panel device 863; prism 870;
and a projection lens 880.

[0191] In projector 1000, the respective components are
accommodated in cabinet 601 indicated by a duplicate line.
Projector 1000 includes an intake fan (not shown in the draw-
ing) for cooling heat generating parts in cabinet 601. Projec-
tor 1000 is configured such that outside air is taken into the
inside of cabinet 601 by the intake fan and air which is heated
and warmed by the heat generating parts is discharged to the
outside of cabinet 601.

[0192] Projector 1000 is configured such that outside air is
taken into the cabinet through a filter (not shown in the draw-
ing) so as to prevent dust from being taken into projector 1000
at the time of supplying outside air into cabinet 601. Accord-
ingly, in projector 1000, the intrusion of dust into the inside of
projector 1000 from the outside is prevented by the filter.
[0193] Blue laser diode 710 which is one example of an
excitation light source is configured to emit blue light B as
excitation light in the +X direction (from a left side to a right
side in the drawing). Blue light B emitted from blue laser
diode 710 is collimated by collimate lens 720, and blue light
B is converged by lens 730 and lens 740 which form an afocal
system and, thereafter, blue light B is incident on diffuser 750.
[0194] Blue light B incident on diffuser 750 is diffused by
diffuser 750, and is incident on third lens 572 disposed in light
incident member 571. Blue light B which passes through third
lens 572 is converged to phosphor 102 formed on substrate
1015 of phosphor wheel device 1004. In this case, as shown in
FIG. 6, blue light B (excitation light) passes through substrate
1015 and dichroic film 400 from a back surface side of sub-
strate 1015, and is applied to phosphor 102 so as to excite
phosphor 102. Phosphor 102 formed on substrate 1015 is
heated by the converged excitation light so that a temperature
of substrate 10154 is elevated. It is desirable that heated phos-
phor 102 be cooled as described previously.

[0195] Mixed light (white light W) formed of light (yellow
light Ye) emitted from phosphor 102 excited by excitation
light and excitation light (blue light B) which passes through
phosphor 102 without being used for excitation passes
through second lens 542 and first lens 541 held on lens hold-
ing frame 543 and is emitted in the +X direction (from a left
side to a right side in the drawing) as indicated by a chain line
in FIG. 16.

[0196] White light W emitted from first lens 541 is made
uniform after passing through a pair of integrator lenses 811,
812, passes through lens 820, and is incident on first dichroic
mirror 841. First dichroic mirror 841 has a characteristic of
allowing blue light B to pass therethrough and reflecting light
of'other colors (green light G, red light R). Accordingly, outof
white light W emitted from first lens 541, blue light B passes
through first dichroic mirror 841, and light of other colors is
reflected on first dichroic mirror 841. Blue light B which
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passes through first dichroic mirror 841 is reflected on first
mirror 843, and is incident on blue liquid crystal panel device
861 after passing through polarizer 851.

[0197] Light reflected on first dichroic mirror 841 (green
light G, red light R) is incident on second dichroic mirror 842.
Second dichroic mirror 842 has a characteristic of reflecting
green light G and allowing red light R to pass therethrough.
Accordingly, out of light reflected on first dichroic mirror
841, green light G is reflected on second dichroic mirror 842,
and red light R passes through second dichroic mirror 842.
Green light G reflected on second dichroic mirror 842 passes
through polarizer 852 and is incident on green liquid crystal
panel device 862.

[0198] Red light R which passes through second dichroic
mirror 842 is reflected on second mirror 844 and third mirror
845, passes through polarizer 853 and is incident on red liquid
crystal panel device 863.

[0199] Blue light B incident on blue liquid crystal panel
device 861 is modulated based on a blue image signal thus
forming blue image light. Green light G incident on green
liquid crystal panel device 862 is modulated based on a green
image signal thus forming green image light. Red light R
incident on red liquid crystal panel device 863 is modulated
based on a red image signal thus forming red image light.
Blue image light, green image light and red image light are
synthesized by prism 870, and synthesized light is incident on
projection lens 880. Projection lens 880 projects image light
synthesized by prism 870 on a screen (not shown in the
drawing) in an enlarged manner.

[0200] Inprojector 1000 having such a configuration, when
the plurality of' blades 211 are rotated together with substrate
10154, an air flow is generated in projector 1000 by the plu-
rality of rotating blades 211. Accordingly, air which is heated
by heat generated at the time of applying excitation light to
phosphor 102 is cooled by outside air taken into the inside of
projector 1000 by the intake fan (not shown in the drawing)
which projector 1000 includes. Accordingly, in projector
1000, phosphor 102, substrate 1015 and the like heated by
excitation light can be efficiently cooled.

[0201] FIG. 16 shows the configuration example where
phosphor wheel device 1005 is directly installed in projector
1000 without using the accommodating housing. However, to
enhance an effect of preventing dust from adhering to phos-
phor wheel device 1005, it is desirable that phosphor wheel
device 1005 is installed in the projector in a state where
phosphor wheel device 1005 is accommodated in the accom-
modating housing.

[0202] FIG. 17 is a view schematically showing another
configuration example of the projection-type image display
device (projector 1010) according to the sixth exemplary
embodiment. In the same manner as projector 1000 shown in
FIG. 16, projector 1010 shown in FIG. 17 is a liquid crystal
projector where a liquid crystal panel is used as the optical
modulation element.

[0203] In projector 1010, unlike projector 1000 shown in
FIG. 16, phosphor wheel device 10054 is installed in cabinet
602 in a state where phosphor wheel device 1005 is accom-
modated in accommodating housing 502 shown in FIG. 14 in
the fifth exemplary embodiment. Further, cooling fan 610 for
cooling accommodating housing 502 is disposed at a position
where cooling fan 610 can supply air to heat sink structure
550 of accommodating housing 502.

[0204] Since projector 1010 shown in FIG. 17 is substan-
tially equal to projector 1000 shown in FIG. 16 except for the
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above-mentioned points, the repeated description of the sub-
stantially equal parts is omitted.

[0205] In the configuration example shown in FIG. 17,
phosphor wheel device 1005 is accommodated in accommo-
dating housing 502 and hence, it is possible to enhance an
effect of preventing the adhesion of dust to phosphor 102.
That is, it is possible to enhance an effect of preventing
lowering of light emitted from phosphor 102 caused by adhe-
sion of dust.

[0206] Also in projector 1010 having such a configuration,
when the plurality of blades 211 are rotated together with the
substrate 1015, an air flow is generated in accommodating
housing 502 by the plurality of rotating blades 211. Accord-
ingly, air which is heated by heat generated at the time of
applying excitation light to phosphor 102 is efficiently cooled
by means of heat sink structure 550 which accommodating
housing 502 has. That is, in projector 1010, phosphor 102,
substrate 1015 and the like heated by excitation light can be
efficiently cooled.

[6-2. Effects and Others]

[0207] As described above, in this exemplary embodiment,
the projection-type image display device includes: the phos-
phor wheel device; the phosphor wheel device accommodat-
ing housing; the excitation light source generating excitation
light which excites the phosphor; and the optical modulation
element generating image light by modulating light emitted
from the phosphor based on an image signal. The phosphor
wheel device includes: the phosphor wheel; the motor; and
the plurality of blades. The phosphor wheel has: the disc-
shaped substrate; and the phosphor disposed on one surface of
the substrate in a circumferential direction. The motor rotat-
ably drives the phosphor wheel. The plurality of blades are
fixed to the other surface of the substrate so as to be integrally
rotated with the phosphor wheel, and extend in a radial direc-
tion of the phosphor wheel from the axis of rotation of the
motor. The phosphor wheel device accommodating housing
has the heat exchange element, and hermetically accommo-
dates the phosphor wheel device therein.

[0208] Inthe phosphor wheel device, it is desirable that the
blades are disposed on the other surface of the substrate such
that the blades are positioned more inside than a position of
the phosphor. It is also desirable that a distance from the
blades to the phosphor is set equal to or larger than a height of
the blades.

[0209] In this exemplary embodiment, it is possible to
effectively cool the phosphor, the substrate and the like,
whose temperatures are elevated by being heated by the exci-
tation light, by an air flow generated due to the rotation of the
plurality of blades together with the substrate.

[0210] Each ofprojectors 1000, 1010 is one example of the
projection-type image display device. Each of blue liquid
crystal panel device 861, green liquid crystal panel device 862
and red liquid crystal panel device 863 is one example of the
optical modulation element. Blue laser diode 710 is one
example of the excitation light source. Each of phosphor
wheel devices 1005, 120, 130 is one example of the phosphor
wheel device hermetically accommodated in the phosphor
wheel device accommodating housing. Substrate 1015 is one
example of the substrate. Phosphor 102 is one example of the
phosphor. Accommodating housing 502 is one example of the
phosphor wheel device accommodating housing. Each of
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heat sink structures 550, 580 is one example of the heat
exchange element respectively. Each of blades 211 is one
example of the blades.

Seventh Exemplary Embodiment

[0211] Hereinafter, a projection-type image display device
according to a seventh exemplary embodiment is described
with reference to FIG. 18 and FIG. 19.

[7-1. Configuration]

[0212] FIG. 18 is a view schematically showing one con-
figuration example of a projection-type image display device
(projector 1020) according to the seventh exemplary embodi-
ment. Projector 1020 shown in FIG. 18 is a DMD projector
where a DMD (Digital Mirror Device) is used as the optical
modulation element.

[0213] FIG. 19 is a plan view showing a surface of phos-
phor wheel device 100 which a projection-type image display
device (projector 1020) according to the seventh exemplary
embodiment includes, phosphor 102 being formed on the
surface.

[0214] In this exemplary embodiment, a configuration
example where, in projector 1020, phosphor wheel device
100 which has the first structure shown in FIG. 4 in the first
exemplary embodiment is accommodated in accommodating
housing 500 shown in FIG. 12 in the fourth exemplary
embodiment, and accommodating housing 500 is disposed in
cabinet 600 is described. The phosphor wheel device which
projector 1020 includes may be phosphor wheel device 120
described in the second exemplary embodiment or may be
phosphor wheel device 130 described in the third exemplary
embodiment. Phosphor wheel device 100 accommodated in
accommodating housing 500 has the first structure shown in
FIG. 4 in the first exemplary embodiment. However, phos-
phor wheel device 100a having the second structure shown in
FIG. 5 may be accommodated in accommodating housing
500. Alternatively, the accommodating housing which
accommodates phosphor wheel device 100 therein may be
accommodating housing 501 shown in FIG. 13.

[0215] In projector 1020, cooling fan 610 for cooling
accommodating housing 500 is disposed at a position where
cooling fan 610 can supply air to heat sink structures 550, 580
of accommodating housing 500.

[0216] Inthis exemplary embodiment, as shown in FIG. 18,
for the sake of convenience, the description is made using an
XYZ orthogonal coordinate system. In FIG. 18, the direction
perpendicular to substrate 101 of phosphor wheel device 100
(direction opposite to advancing direction of excitation light)
is set as the +Y direction, the radial direction of substrate 101
is set as the +X direction, and the radial direction of substrate
101 which is orthogonal to the X axis is set as the +Z direc-
tion.

[0217] In phosphor wheel device 100 accommodated in
accommodating housing 500, as shown in FIG. 19, on sub-
strate 101, red phosphor 102a, green phosphor 1026 and
non-phosphor forming portion 102¢ where phosphor 102 is
not formed are sequentially formed along the circumferential
direction with substantially a fixed width.

[0218] Inthe seventh exemplary embodiment, components
equal to the components of the first to sixth exemplary
embodiments are given the same symbols and the repeated
description of these components is omitted.
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[0219] Projector 1020 includes: cabinet 600; blue laser
diodes 710, 711, collimate lenses 720, 721; lenses 730, 731,
740, 741, 913, 914, diffusers 750, 751; dichroic mirror 910;
first lens 541; second lens 542; phosphor wheel device 100;
cooling fan 610; accommodating housing 500; converging
lens 911; rod integrator 912; mirrors 915, 916; DMD 917; and
projection lens 918.

[0220] In projector 1020, the respective components are
accommodated in cabinet 600. Projector 1020 includes an
intake fan (not shown in the drawing) for cooling heat gener-
ating parts in cabinet 600. Projector 1020 is configured such
that outside air is taken into the inside of cabinet 600 by the
intake fan and air which is heated and warmed by the heat
generating parts is discharged to the outside of cabinet 600.
[0221] Blue laser diode 710 which is one example of an
excitation light source is configured to emit blue light B as
excitation light in the -Y direction (from above to below in
the drawing). Blue light B emitted from blue laser diode 710
is collimated by collimate lens 720, and is converged by lens
730 and lens 740 which form an afocal system and, thereafter,
blue light B is incident on diffuser 750.

[0222] Blue light B incident on diffuser 750 is diffused by
diffuser 750 and, thereafter, is incident on dichroic mirror
910.

[0223] Dichroic mirror 910 is disposed with an inclination
of'45 degrees with respect to an optical axis. Dichroic mirror
910 has a characteristic of allowing blue light B to pass
therethrough and reflecting light of other colors (red light R,
green light G) thereon. Accordingly, blue light B which
passes through diffuser 750 passes through dichroic mirror
910. Blue light B which passes through dichroic mirror 910 is
converged on phosphor 102 formed on substrate 101 of phos-
phor wheel device 100 by first lens 541 and second lens 542,
and is applied to phosphor 102.

[0224] Since substrate 101 of phosphor wheel device 100 is
rotatably driven by motor 104, a region of phosphor wheel
device 100 disposed at a light converging position of first lens
541 and second lens 542 (a region to which blue light B for
excitation is applied) is sequentially changed in order of red
phosphor 102a, green phosphor 1025 and non-phosphor
forming portion 102¢. During a period in which blue light B
for excitation is applied to red phosphor 102a, red phosphor
102a is excited so that red phosphor 102a emits red light R.
During a period in which blue light B for excitation is applied
to green phosphor 1025, green phosphor 1025 is excited so
that green phosphor 1025 emits green light G. Red phosphor
102a and green phosphor 10256 formed on substrate 101 are
heated by this converged excitation light, and a temperature of
substrate 101 is elevated. It is desirable that heated red phos-
phor 102a and heated green phosphor 1026 be cooled as
described previously.

[0225] During a period in which non phosphor forming
portion 102¢ is positioned at the light converging position of
first lens 541 and second lens 542, blue laser diode 710 is
controlled to be turned off. Accordingly, blue light B for
excitation is not applied to non-phosphor forming portion
102C.

[0226] Redlight R emitted by red phosphor 102a and green
light G emitted by green phosphor 1025 are each emitted from
substrate 101 in the -Y direction. Then, red light R and green
light G emitted in the -Y direction pass through second lens
542 and first lens 541, are reflected on dichroic mirror 910 and
are converged by converging lens 911. Then, converged light
is incident on an incidence end of rod integrator 912.
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[0227] In cabinet 600 of the projector, in addition to blue
laser diode 710, blue laser diode 711 which is configured to
emit blue light B in the +X direction (from a left side to a right
side in the drawing) is disposed. Blue laser diode 711 is
controlled such that blue laser diode 711 is turned on during
a period in which blue laser diode 710 is turned off (that is,
during a period in which non phosphor forming portion 102¢
is positioned at a light converging position of first lens 541
and second lens 542), and blue laser diode 711 is turned off
during a period in which blue laser diode 710 is turned on.
[0228] Blue light B emitted from blue laser diode 711 is
collimated by collimate lens 721 and, thereafter, blue light B
is incident on lens 731. Blue light B which passes through
lens 731 is made parallel by lens 741 and is incident on
diffuser 751 so as to be diffused by diffuser 751. Blue light B
which passes through diffuser 751 passes through dichroic
mirror 910, is converged by converging lens 911 and, there-
after, is incident on an incidence end of rod integrator 912.
[0229] In this manner, red light R, green light G and blue
light B are incident on the incident end of rod integrator 912
sequentially (that is, in accordance with time division). These
red light R, blue light B and green light G propagate through
rod integrator 912, and are sequentially emitted from an irra-
diation end of rod integrator 912.

[0230] Light emitted from rod integrator 912 passes
through lens 913 and lens 914, is reflected on mirror 915 and
mirror 916, and is incident on DMD 917. DMD 917 modu-
lates red light R, green light G and blue light B based on image
signals thus generating image light.

[0231] The image light generated by DMD 917 is emitted
from DMD 917 in the +Y direction, and is incident on pro-
jection lens 918. Projection lens 918 projects the image light
emitted from DMD 917 on a screen (not shown in the draw-
ing) in an enlarged manner.

[0232] Also in projector 1020 having such a configuration,
when the plurality of blades 211 are rotated together with
substrate 101, an air flow is generated in accommodating
housing 500 by the plurality of rotating blades 211. Accord-
ingly, air which is heated by heat generated at the time of
applying excitation light to phosphor 102 is efficiently cooled
by means of heat sink structures 550, 580 which accommo-
dating housing 500 has. That is, in projector 1020, phosphor
102, substrate 101 and the like heated by excitation light can
be efficiently cooled.

[7-2. Effects and Others]

[0233] As described above, in this exemplary embodiment,
the projection-type image display device includes: the phos-
phor wheel device; the phosphor wheel device accommodat-
ing housing; the excitation light source generating excitation
light which excites the phosphor; and the optical modulation
element generating image light by modulating light emitted
from the phosphor based on an image signal. The phosphor
wheel device includes: the phosphor wheel; the motor; and
the plurality of blades. The phosphor wheel has: the disc-
shaped substrate; and the phosphor disposed on one surface of
the substrate in a circumferential direction. The motor rotat-
ably drives the phosphor wheel. The plurality of blades are
fixed to the other surface of the substrate so as to be integrally
rotated with the phosphor wheel, and extend in a radial direc-
tion of the phosphor wheel from the axis of rotation of the
motor. The phosphor wheel device accommodating housing
has the heat exchange element, and hermetically accommo-
dates the phosphor wheel device therein.
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[0234] Inthe phosphor wheel device, it is desirable that the
blades are disposed on the other surface of the substrate such
that the blades are positioned more inside than a position of
the phosphor. It is also desirable that a distance from the
blades to the phosphor is set equal to or larger than a height of
the blades.

[0235] Also in this exemplary embodiment, it is possible to
effectively cool the phosphor, the substrate and the like,
whose temperatures are elevated by being heated by the exci-
tation light, by an air flow generated due to the rotation of the
plurality of blades together with the substrate.

[0236] Projector 1020 is one example of the projection-
type image display device. DMD 917 is one example of the
optical modulation element. Blue laser diode 710 is one
example of the excitation light source. Each of phosphor
wheel devices 100, 120, 130 is one example of the phosphor
wheel device hermetically accommodated in the phosphor
wheel device accommodating housing. Motor 104 is one
example of the motor. Substrate 101 is one example of the
substrate. Each of phosphor 102, red phosphor 102a and
green phosphor 1025 is one example of the phosphor. Each of
accommodating housings 500, 501 is one example of the
phosphor wheel device accommodating housing. Each of
heat sink structures 550, 580 is examples ofthe heat exchange
element respectively. Each of blades 211 is one example of
the blades.

Other Exemplary Embodiments

[0237] Ashasbeen described heretofore, the first to seventh
exemplary embodiments have been described as examples of
the technique disclosed by this application. However, the
technique of this disclosure is not limited such examples and
is applicable to embodiments where a change, replacement,
addition, omission or the like is made. Further, new embodi-
ments may be provided by combining respective components
described in the above-mentioned first to seventh exemplary
embodiments.

[0238] This disclosure is applicable to a phosphor wheel
device used in a projection-type image display device, a phos-
phor wheel device accommodating housing which accommo-
dates the phosphor wheel device in the inside thereof, and a
projection-type image display device provided with the phos-
phor wheel device. To be more specific, this disclosure is
applicable to a liquid crystal projector, a DMD projector and
the like.

What is claimed is:

1. A phosphor wheel device comprising:

a phosphor wheel having: a disc-shaped substrate and a
phosphor disposed on one surface of the substrate in a
circumferential direction;

a motor which rotatably drives the phosphor wheel; and

a plurality of blades fixed to the other surface of the sub-
strate so as to be integrally rotated with the phosphor
wheel, and extending in a radial direction of the phos-
phor wheel from an axis of rotation of the motor.

2. The phosphor wheel device according to claim 1,
wherein the blades are disposed on the other surface of the
substrate such that the blades are positioned more inside than
a position of the phosphor.

3. The phosphor wheel device according to claim 2,
wherein a distance from the blades to the phosphor is set to
equal to or larger than a height of the blades.
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4. The phosphor wheel device according to claim 1,
wherein a fan member having the plurality of blades is fixedly
mounted on the other surface of the substrate.

5. The phosphor wheel device according to claim 4,
wherein the fan member is formed by bending a metal plate.

6. The phosphor wheel device according to claim 1,
wherein the plurality of blades and the substrate are integrally
formed with each other.

7. The phosphor wheel device according to claim 1,
wherein at least a region, where the phosphor is disposed, of
the one surface of the substrate having undergone a surface
treatment such that the region reflects light emitted from the
phosphor.

8. The phosphor wheel device according to claim 1,
wherein the substrate is formed of a heat conductive material.

9. The phosphor wheel device according to claim 8,
wherein the substrate is formed of an aluminum alloy.

10. The phosphor wheel device according to claim 8,
wherein the substrate is formed of sapphire glass.

11. A phosphor wheel device accommodating housing
comprising a heat exchange element and hermetically accom-
modating a phosphor wheel device therein, wherein

the phosphor wheel device comprises:

a phosphor wheel having: a disc-shaped substrate, and a
phosphor disposed on one surface of the substrate in a
circumferential direction;

a motor which rotatably drives the phosphor wheel; and

a plurality of blades fixed to the other surface of the sub-
strate so as to be integrally rotated with the phosphor
wheel, and extending in a radial direction of the phos-
phor wheel from an axis of rotation of the motor.

12. The phosphor wheel device accommodating housing
according to claim 11, wherein the blades are disposed on the
other surface of the substrate such that the blades are posi-
tioned more inside than a position of the phosphor.

13. The phosphor wheel device accommodating housing
according to claim 12, wherein a distance from the blades to
the phosphor is set equal to or larger than a height of the
blades.

14. The phosphor wheel device accommodating housing
according to claim 11 further comprising a first window
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which allows incidence of excitation light to enter therein and
irradiation of light emitted from the phosphor to outgo there-
from, wherein

the phosphor wheel device is hermetically accommodated

by fitting a first lens unit into the first window.

15. The phosphor wheel device accommodating housing
according to claim 11 further comprising:

a first window which allows irradiation of light emitted

from the phosphor to outgo therefrom; and

a second window which allows incidence of excitation

light to enter therein, wherein

the phosphor wheel device is hermetically accommodated

by fitting a first lens unit into the first window and by

fitting a second lens unit into the second window.

16. A projection-type image display device comprising:

a phosphor wheel device including:

a phosphor wheel having a disc-shaped substrate and a
phosphor disposed on one surface of a substrate in a
circumferential direction;

a motor which rotatably drives the phosphor wheel; and

a plurality of blades fixed to the other surface of the
substrate so as to be integrally rotated with the phos-
phor wheel, and extending in a radial direction of the
phosphor wheel from an axis of rotation of the motor;

aphosphor wheel device accommodating housing having a

heat exchange element and hermetically accommodat-

ing the phosphor wheel device therein;

an excitation light source generating excitation light which

excites the phosphor; and

an optical modulation element generating image light by

modulating incident light based on an image signal.

17. The projection-type image display device according to
claim 16, wherein the blades are disposed on the other surface
of the substrate such that the blades are positioned more
inside than a position of the phosphor.

18. The projection-type image display device according to
claim 17, wherein a distance from the blades to the phosphor
is set equal to or larger than a height of the blades.
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