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(54) WAVELENGTH CONVERSION DEVICE, ILLUMINATION DEVICE, AND PROJECTOR

(57) To provide a wavelength conversion device, an
illumination device, and a projector that can efficiently
cool a phosphor.

A wavelength conversion device includes a sub-
strate including a phosphor layer in which a phosphor is
included, a rotating device configured to rotate the sub-
strate, a circulating device that circulates a cooling gas
to the substrate, and a housing configured to house the
substrate and the circulating device. The housing in-
cludes a partition wall configured to separate a first space
in which the cooling gas is circulated to the substrate by
the circulating device and a second space in which the
cooling gas radially delivered from the substrate accord-
ing to the rotation of the substrate circulates.
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Description

Technical Field

[0001] The present invention relates to a wavelength conversion device, an illumination device, and a projector.

Background Art

[0002] There has been known a projector that modulates light emitted from a light source to form an image corre-
sponding to image information and enlarges and projects the formed image on a projection surface such as a screen.
[0003] As such a projector, there is known a projector including a fluorescent light emitting device excited by incident
excitation light to emit fluorescent emission light and a plurality of cooling fans (see, for example, PTL 1).
[0004] As such a projector, there is known a projector that forms an image using yellow fluorescent light generated
by irradiating laser light on a phosphor layer (see, for example, PTL 2).
[0005] The projector described in PTL 1 includes a light source unit, a display element, and a projection optical system.
The light source unit includes a blue light source device, a fluorescent light emitting device, and a red light source device.
Among these devices, the fluorescent light emitting device includes a fluorescent wheel on which a fluorescent light
emitting region where a layer of a green phosphor is formed and a diffusion transmission region where blue emission
light from the blue light source device is diffused and transmitted are juxtaposed in a circumferential direction. A part of
laser light in a blue wavelength band emitted from the blue light source device is made incident on the fluorescent light
emission region, whereby a bundle of rays (green light) in a green wavelength band is generated. A part of the laser
light is made incident on the diffusion transmission region, whereby diffusion transmission light (blue light) in the blue
wavelength band is generated. Light in a red wavelength band (red light) emitted from the red light source device traces
optical paths of the blue light and the green light with a dichroic mirror and the like. These color lights are sequentially
made incident on the display element, whereby an image is formed.
[0006] Note that, since high power laser light emitted from the blue light source device is made incident on the fluorescent
light emission region and the diffusion transmission region, the temperatures of these regions rise. Besides, a wheel
motor that rotates the fluorescent wheel, on which these regions are juxtaposed, is also a heat generation source.
Therefore, in the projector described in PTL 1 described above, a cooling fan that directly blows outdoor air of the
projector as cooling wind is provided. The cooling fan cools the fluorescent wheel and the wheel motor with the cooling
wind.
[0007] The projector described in PTL 2 includes a light source device including a light source, a collimate lens, a light
condensing lens, a phosphor wheel (a wavelength conversion member), a pickup lens, and a driving section and a
casing that houses these on the inside. In this light source device, laser light emitted from the light source is collimated
and condensed by the collimate lens and the light condensing lens and is made incident on a phosphor layer of the
phosphor wheel rotated by the driving section. Fluorescent light generated by the incidence of the laser light is condensed
by the pickup lens and emitted as illumination light.
[0008] Note that, in the casing, a phosphor-wheel housing section, in which the phosphor wheel is housed, is a sealed
space blocked from an external space. Consequently, dust is prevented from directly adhering to the surface of the
phosphor layer. Deterioration in use efficiency of light is prevented.
[0009] In recent years, in response to demands for a reduction in the size of a projector, there has been proposed a
method of reducing the sizes of components disposed in the projector and achieving a reduction in the size of the entire
projector.
[0010] Therefore, in the projector described in PTL 2 described above, it is conceivable to form a part of the casing
in an arcuate shape extending along a rotating direction of a rotating substrate and reduce the casing in size.

Citation List

Patent Literature

[0011]

PTL 1: JP-A-2011-75898

PTL 2: JP-A-2014-146056
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Summary of Invention

Technical Problem

[0012] However, in the case of a configuration for blowing the cooling wind against the fluorescent wheel and cooling
the fluorescent wheel while rotating the fluorescent wheel like the projector described in PTL 1 described above, heat
of the fluorescent wheel is conducted and the cooling wind radially discharged from the fluorescent wheel is sucked
according to the rotation of the fluorescent wheel and circulates to the fluorescent wheel side again. Therefore, there is
a problem in that the temperature of the cooling wind circulating to the fluorescent wheel rises and it is hard to efficiently
cool the fluorescent wheel, that is, the fluorescent light emission region including the phosphor.
[0013] In the projector described in PTL 1 described above, since the cooling wind circulates along a rotation axis of
the fluorescent wheel, the cooling wind blown against the fluorescent wheel diffuses. Therefore, there is a problem in
that it is hard to conduct the heat of the fluorescent wheel, that is, the heat generated in the fluorescent light emission
region to the cooling wind and it is hard to cool the fluorescent light emission region.
[0014] In the configuration in which the casing is reduced in size in the projector described in PTL 2, there is a problem
in that a part of a cooling gas radially discharged from the phosphor wheel stagnates between the phosphor wheel and
an arcuate portion of the casing and is less easily discharged and cooling efficiency of the phosphor wheel and cooling
efficiency of the phosphor layer are deteriorated.
[0015] An object of the present invention is to solve at least a part of the problems. One of objects of the present
invention is to provide a wavelength conversion device, an illumination device, and a projector that can efficiently cool
a phosphor. One of the objects is to provide a wavelength conversion device, an illumination device, and a projector
that can improve cooling efficiency. One of the objects is to provide a wavelength conversion device, an illumination
device, and a projector that can improve cooling efficiency while achieving a reduction in size.

Solution to Problem

[0016] A wavelength conversion device according to a first aspect of the present invention includes: a substrate
including a phosphor layer in which a phosphor is included; a rotating device configured to rotate the substrate; a
circulating device that circulates a cooling gas to the substrate; and a housing configured to house the substrate and
the circulating device. The housing includes a partition wall configured to separate a first space in which the cooling gas
is circulated to the substrate by the circulating device and a second space in which the cooling gas radially delivered
from the substrate according to the rotation of the substrate circulates.
[0017] According to the first aspect, the housing, in which the substrate and the circulating device are housed, includes
the partition wall configured to separate the first space on the circulating side of the cooling gas to the substrate and the
second space on the discharge side of the cooling gas from the substrate. Consequently, it is possible to prevent the
cooling gas radially discharged from the substrate, that is, the cooling gas served for the cooling of the substrate from
circulating to the first space side while keeping heat to be circulated to the substrate again. Therefore, since it is possible
to prevent the cooling gas having heat from circulating to the substrate, it is possible to efficiently cool the substrate and
the phosphor of the phosphor layer included in the substrate.
[0018] In the first aspect, it is preferable that the partition wall includes an opening section for circulating the cooling
gas to the substrate, and an opening shape of the opening section substantially coincides with a rotation range of the
substrate.
[0019] With such a configuration, it is possible to surely circulates, via the opening section, the cooling gas circulated
by the circulating device to the substrate. Since the dimension of the opening section substantially coincides with the
rotation range of the substrate, it is possible to prevent the cooling gas radially discharged during the rotation of the
substrate from being caused to flow into the first space. Therefore, it is possible to prevent a cooling gas having a
relatively high temperature from circulating to the substrate. Consequently, it is possible to surely circulate a cooling gas
having a relatively low temperature to the substrate. Therefore, it is possible to more efficiently cool the phosphor.
[0020] In the first aspect, it is preferable that the substrate includes, on a surface against which the cooling gas is
blown, a plurality of fins extending from a center side toward an outer side of the substrate.
[0021] With such a configuration, it is possible to increase, with the plurality of fins, a contact area with the cooling
gas on the substrate. It is possible to efficiently conduct the heat of the substrate to the cooling gas.
[0022] Since each of the plurality of fins extends from the center side toward the outer side of the substrate, the cooling
gas is easily radially discharged according to the rotation of the substrate. Therefore, it is possible to prevent the cooling
gas, which has cooled the substrate to have heat, from stagnating around the substrate.
[0023] In the first aspect, it is desirable that each of the plurality of fins has a shape warping to the opposite side of
the rotating direction of the substrate from the center side toward the outer side of the substrate.
[0024] With such a configuration, it is possible to make it easy to radially discharge the cooling gas having heat from
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the substrate. When the cooling gas circulates along the substrate in the opposite direction of the rotating direction in a
certain portion of the substrate, since the fins and the cooling gas collide to be opposed to each other, it is possible to
efficiently cool the fins with the cooling gas. Therefore, it is possible to more efficiently cool the substrate and the phosphor.
[0025] In the first aspect, it is preferable that the wavelength conversion device includes a heat absorbing device
configured to absorb heat of the cooling gas, the heat absorbing device includes a heat receiver disposed on an intake
side of the circulating device and configured to receive heat from the circulating cooling gas, and the heat receiver
includes a first channel in which the cooling gas inside the first space circulates and a second channel in which the
cooling gas inside the second space circulates.
[0026] With such a configuration, since the heat of the cooling gas served for the cooling of the substrate is conducted
to the heat receiver of the heat absorbing device, it is possible to cool the cooling gas. Therefore, it is possible to reduce
the temperature of the cooling gas circulating to the substrate. It is possible to more efficiently cool the substrate.
[0027] The heat receiver includes not only the second channel in which the cooling gas discharged from the substrate,
that is, the cooling gas having the heat of the substrate circulates but also the first channel in which the cooling gas in
the first space circulates. Consequently, it is possible to further reduce the temperature of the cooling gas circulated to
the substrate by the circulating device. Therefore, it is possible to more efficiently cool the substrate and the phosphor.
[0028] In the first aspect, it is preferable that the heat absorbing device includes a heat conduction member connected
to the heat receiver and configured to conduct heat conducted to the heat receiver to an outside of the housing.
[0029] Note that, as the heat conduction member, a heat pipe and a thermoelectric element such as a Peltier element
can be illustrated.
[0030] With such a configuration, since it is possible to conduct heat conducted from the cooling gas to the heat
receiver to the outside of the housing with the heat conduction member, it is possible to surely reduce the temperature
of the cooling gas inside the housing. Therefore, it is possible to more efficiently cool the substrate to which the cooling
gas is circulated and the phosphor.
[0031] In the first aspect, it is preferable that the heat conduction member includes a first heat conduction member
disposed in the first channel and a second heat conduction member disposed in the second channel, and the second
heat conduction member has a larger contact area with the heat receiver than the first heat conduction member.
[0032] Note that, when the heat pipe is adopted as the heat conduction member, by increasing a sectional area in
contact with the heat receiver or increasing the number of adopted heat pipes, it is possible to increase a contact area
of the heat conduction member with the heat receiver. On the other hand, when the thermoelectric element is adopted,
by increasing the number of adopted thermoelectric elements or adopting a thermoelectric element having a large area,
it is possible to increase the contact area of the heat conduction member with the heat receiver.
[0033] The cooling gas discharged from the substrate circulates in the second channel. Therefore, the temperature
of the cooling gas circulating in the second channel is higher than the temperature of the cooling gas circulating in the
first channel.
[0034] On the other hand, in the configuration explained above, the contact area of the second heat conduction member
disposed in the second channel with the heat receiver is larger than the contact area of the first heat conduction member
disposed in the first channel with the heat receiver. Consequently, it is possible to efficiently conduct heat conducted to
the heat receiver to the outside of the housing. It is possible to efficiently cool the cooling gas with the heat receiver.
Therefore, it is possible to circulate a cooling gas having a lower temperature to the substrate. It is possible to more
efficiently cool the phosphor.
[0035] In the first aspect, it is preferable that the heat receiver includes a segmenting section connected to the partition
wall and configured to partition the first channel and the second channel.
[0036] With such a configuration, it is possible to prevent the cooling gas circulating in the second channel from
circulating in the first channel. Consequently, it is possible to efficiently receive heat from the cooling gas circulating in
the channels.
[0037] Note that, when the wavelength conversion device includes the heat conduction member including the first
heat conduction member and the second heat conduction member and the contact area of the second heat conduction
member with the heat receiver is larger than the contact area of the first heat conduction member with the heat receiver,
it is possible to prevent the cooling gas circulating in the second channel from circulating in the first channel having the
small contact area with the first heat conduction member. Therefore, it is possible to efficiently conduct heat conducted
from the cooling gas circulating in the second channel to the outside of the housing. It is possible to efficiently cool the
cooling gas.
[0038] In the first aspect, it is preferable that the housing is a sealed housing.
[0039] When relatively intense excitation light is made incident on the phosphor layer, a phenomenon called optical
dust collection easily occurs. When dust is easily collected in this way, use efficiency of the excitation light is deteriorated.
Besides, it is highly likely that a deficiency occurs in the rotation of the substrate by the rotating device.
[0040] On the other hand, with the configuration explained above, it is possible to prevent dust from intruding into the
housing. Therefore, it is possible to prevent deterioration in the use efficiency of the excitation light. Besides, it is possible
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to configure the wavelength conversion device having high reliability.
[0041] When the wavelength conversion device includes the heat absorbing device including the heat receiver and
the heat receiver is disposed inside the housing, it is possible to surely reduce the temperature of the cooling gas
circulating in the housing and circulating to the substrate.
[0042] An illumination device according to a second aspect of the present invention includes: the wavelength conversion
device; and a light source section configured to emit light made incident on the wavelength conversion device.
[0043] According to the second aspect, it is possible to achieve the same effects as the effects of the wavelength
conversion device according to the first aspect.
[0044] A projector according to a third aspect of the present invention includes: the illumination device; an image
forming device configured to form an image using light emitted from the illumination device; and a projection optical
device configured to project the formed image.
[0045] According to the third aspect, it is possible to achieve the same effects as the effects of the illumination device
according to the second aspect.
[0046] A wavelength conversion device according to a fourth aspect of the present invention includes: a substrate
including a phosphor layer in which a phosphor is included; a rotating device configured to rotate the substrate; a
circulating device configured to circulate a cooling gas to the substrate; and a housing configured to house the substrate
and the circulating device. When the substrate is viewed along a rotation axis of the substrate, in a part in a circumferential
direction of the substrate, the cooling gas circulated by the circulating device circulates in an opposite direction of a
rotating direction of the substrate in the part.
[0047] According to the fourth aspect, when viewed along the rotation axis of the substrate, in a part in the circumferential
direction of the substrate, the cooling gas circulated by the circulating device circulates in the opposite direction of the
rotating direction of the substrate in the part. Consequently, since the cooling gas circulates along the surface of the
substrate, compared with when the cooling gas is blown against the substrate along the rotation axis, it is possible to
extend a time in which the cooling gas is in contact with the surface of the substrate. Besides, since the cooling gas
circulates in a direction against the rotation of the substrate in the part, it is possible to increase relative flow velocity of
the cooling gas with respect to the substrate. Therefore, it is possible to efficiently cool the substrate.
[0048] In the fourth aspect, it is preferable that, when the substrate is viewed along the rotation axis, the housing
includes an arcuate section located on an outer side of the substrate and extending along a circumferential direction
during the rotation of the substrate.
[0049] With such a configuration, it is possible to circulate the cooling gas circulated to the substrate in the circumfer-
ential direction of the substrate along the arcuate section. Therefore, in the part in the circumferential direction of the
substrate, by rotating the substrate in the opposite direction of the circulating direction of the cooling gas, it is possible
to surely circulate the cooling gas in the opposite direction of the rotating direction of the substrate. Therefore, it is
possible to efficiently cool the substrate.
[0050] In the fourth aspect, it is preferable that the circulating device includes a discharge port for discharging the
cooling gas, and, when the substrate is viewed along the rotation axis, the discharge port is disposed to be shifted with
respect to an imaginary line that passes a center of the substrate and crosses the arcuate section.
[0051] With such a configuration, since the discharge port is disposed to be shifted with respect to the imaginary line,
it is possible to circulate the cooling gas discharged from the discharge port while deviating the cooling gas to one side
of the substrate with respect to the imaginary line. Therefore, since the cooling gas easily circulates along the arcuate
section, by rotating the substrate such that the circulating direction of the cooling gas and the rotating direction of the
substrate are opposite directions in the part, it is possible to more surely circulate the cooling gas in the opposite direction
of the rotating direction of the substrate. Therefore, it is possible to more surely achieve the effects explained above.
[0052] In the fourth aspect, it is preferable that the wavelength conversion device includes an attachment member
disposed inside the housing and configured to attach the rotating device to the housing, the substrate includes, on a
surface to which the cooling gas is circulated from the circulating device, a plurality of fins extending from the center
side toward the outer side of the substrate, and, when the substrate is viewed along the rotation axis, the attachment
member is located in a position further on the center side of the substrate than the plurality of fins on the substrate.
[0053] With such a configuration, since each of the plurality of fins extends from the center side toward the outer side
of the substrate, it is possible to make it easy to radially discharge the cooling gas according to the rotation of the
substrate. Therefore, it is possible to prevent the cooling gas, which has cooled the substrate to have heat, from stagnating
around the substrate.
[0054] In the part on the substrate, since the circulating direction of the cooling gas and the rotating direction of the
substrate are the opposite directions, it is possible to cause the cooling gas and the fins to collide to be opposed to each
other. Therefore, it is possible to more efficiently cool the fins with the cooling gas. It is possible to efficiently cool the
phosphor.
[0055] Further, since the attachment member is disposed in the position, it is possible to prevent the plurality of fins
from being covered by the attachment member. Consequently, it is possible to prevent a flow of the cooling gas circulating
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to the fins from being hindered by the attachment member. It is possible to surely circulate the cooling gas along the
surface of the substrate on which the plurality of fins are located.
[0056] In the fourth aspect, it is preferable that the attachment member has a columnar shape.
[0057] Note that, as the columnar shape, a cylindrical shape or a polygonal shape is desirable. In the case of the
polygonal shape, the number of corners is desirably large.
[0058] With such a configuration, even when a part of the cooling gas circulates along the attachment member, for
example, compared with when the attachment member projects to the channel side of the cooling gas, it is possible to
prevent the flow of the cooling gas from being hindered. Therefore, it is possible to smoothly circulate the cooling gas
to the substrate.
[0059] In the fourth aspect, it is preferable that the housing includes a partition wall configured to separate a first space
in which the cooling gas is circulated to the substrate by the circulating device and a second space in which the cooling
gas radially delivered from the substrate circulates.
[0060] With such a configuration, since it is possible to divide the cooling gas circulating toward the substrate and the
cooling gas discharged from the substrate, it is possible to prevent these cooling gases from colliding with each other.
Therefore, it is possible to surely circulate the individual cooling gases. Besides, it is possible to prevent the cooling gas
discharged from the substrate from circulating to the substrate again while keeping the heat. Therefore, it is possible to
improve cooling efficiency of the substrate and the phosphor.
[0061] In the fourth aspect, it is preferable that the housing is a sealed housing.
[0062] When relatively intense excitation light is made incident on the phosphor layer, a phenomenon called optical
dust collection easily occurs. When dust is easily collected in this way, use efficiency of the excitation light is deteriorated.
Besides, it is highly likely that a deficiency occurs in the rotating device.
[0063] On the other hand, with the configuration explained above, it is possible to prevent dust from intruding into the
housing. Therefore, it is possible to prevent deterioration in the use efficiency of the excitation light. Besides, it is possible
to configure the wavelength conversion device having high reliability.
[0064] In the fourth aspect, it is preferable that the wavelength conversion device includes a heat absorbing device
configured to absorb heat of the cooling gas.
[0065] With such a configuration, since the heat of the cooling gas is absorbed by the heat absorbing device, it is
possible to reduce the temperature of the cooling gas circulating to the substrate. Therefore, it is possible to further
improve the cooling efficiency of the substrate.
[0066] An illumination device according to a fifth aspect of the present invention includes: the wavelength conversion
device; and a light source section configured to emit light made incident on the wavelength conversion device.
[0067] According to the fifth aspect, it is possible to achieve the same effects as the effects of the wavelength conversion
device according to the fourth aspect.
[0068] A projector according to a sixth aspect of the present invention includes: the illumination device; an image
forming device configured to form an image using light emitted from the illumination device; and a projection optical
device configured to project the formed image.
[0069] According to the sixth aspect, it is possible to achieve the same effects as the effects of the illumination device
according to the fifth aspect.
[0070] A wavelength conversion device according to a seventh aspect of the present invention includes: a substrate
configured to rotate around a rotation axis extending along a first direction; a plurality of fins located on a first surface,
which is one surface on the substrate, and extending from a center side toward an outer side of the substrate; a phosphor
layer located in either one of the first surface and a second surface on an opposite side of the first surface; a rotating
device configured to rotate the substrate; a delivering device configured to deliver the cooling gas to the first surface;
and a housing in which the substrate is disposed on an inner side. The housing includes: a first side surface section
opposed to the second surface; and a second side surface section that crosses the first side surface section and includes
an arcuate section extending along a circumferential direction during the rotation of the substrate disposed on the inner
side when viewed along the first direction. A radius of an arc of the arcuate section is set larger than a radius during the
rotation of the substrate. When a 12 o’clock direction among radial directions during the rotation of the substrate viewed
from the first direction side is set as a second direction and either one of a 3 o’clock direction and a 9 o’clock direction
viewed from the first direction side is set as a third direction, a center of the arc of the arcuate section is located on the
third direction side with respect to the rotation axis. The substrate is rotated counterclockwise by the rotating device
when viewed from the first direction side.
[0071] According to the seventh aspect, the plurality of fins extending from the center side toward the outer side of
the substrate are located on the first surface of the substrate. Therefore, the cooling gas delivered to the first surface
by the delivering device and served for the cooling of the substrate is radially discharged according to the rotation of the
substrate by the rotating device.
[0072] When the radius of the arc of the second side surface section is larger than the radius during the rotation of
the substrate and the center of the arc of the second side surface section is not located on the third direction side or the
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opposite side of the third direction side with respect to the rotation axis of the substrate and is shifted to the opposite
side of the second direction side, the cooling gas discharged to a region where the distance between the rotated substrate
and the second side surface section is the closest, that is, a region on the second direction side with respect to the
substrate (in detail, a region deviating to the opposite direction of the rotating direction of the substrate in the region)
less easily circulates to the opposite direction side of the second direction and easily stagnates in that place. A factor
of this is that a region (a first region) between the second side surface section on the third direction side and the substrate
and a region (a second region) between the second side surface section on the opposite side of the third direction side
and the substrate have the same size.
[0073] On the other hand, according to the seventh aspect, the center of the arc of the second side surface section
having the radius larger than the radius during the rotation of the substrate is located in the third direction with respect
to the rotation axis of the substrate. Therefore, the size of the first region is larger than the second region. In the cooling
gas radially discharged from the substrate, an amount of the cooling gas passing the first region and circulating to the
opposite direction side of the second direction is larger than an amount of the cooling gas passing the second region
and circulating to the opposite direction side. The rotating direction of the substrate is the counter clockwise when viewed
from the first direction side. Therefore, in the cooling gas discharged from the substrate, a flow velocity of the air circulating
in the first region is higher than a flow velocity of the air discharged to the second region.
[0074] Consequently, the sizes and the flow velocities of the circulating cooling gas are different in the first region and
the second region. Therefore, the cooling gas discharged from the substrate to the region where the distance between
the rotating substrate and the second side surface section is the closest easily circulates to one of the first region and
the second region. Therefore, it is possible to prevent a stagnation place of the cooling gas (a stagnation place of the
cooling gas discharged from the substrate), which occurs when the size of the first region and the size of the second
region are equal, from occurring. It is possible to reduce the stagnation place even when the stagnation place occurs.
Consequently, it is possible to make it easy to circulate (discharge) the cooling gas discharged from the substrate
according to the rotation of the substrate to the opposite direction side of the second direction from the first region and
the second region. It is possible to quickly discharge the cooling gas that has cooled the substrate. Therefore, since the
housing can be configured along the circumferential direction of the rotated substrate, it is possible to improve cooling
efficiency of the substrate and cooling efficiency of the phosphor layer while achieving a reduction in the size of the housing.
[0075] It is possible to increase, with the plurality of fins, the contact area with the cooling gas on the substrate. It is
possible to efficiently conduct the heat of the substrate to the cooling gas.
[0076] In the seventh aspect, it is preferable that the housing includes a partition wall opposed to the first side surface
section across the substrate and connected to the second side surface, and the partition wall includes an opening section
for circulating the cooling gas to the first surface.
[0077] With such a configuration, it is possible to prevent the air, which has cooled the substrate and is radially
discharged, from being sucked according to the rotation of the substrate and circulated to the first surface side again
while keeping heat. Therefore, since it is possible to prevent the cooling gas having heat from circulating to the substrate,
it is possible to efficiently cool the substrate and the phosphor of the phosphor layer included in the substrate.
[0078] In the seventh aspect, it is preferable that each of the plurality of fins has a shape warping to the opposite side
of the rotating direction of the substrate from the center side toward the outer side of the substrate.
[0079] With such a configuration, since each of the plurality of fins has the shape, it is possible to make it easy to
radially discharge the cooling gas according to the rotation of the substrate. Therefore, it is possible to surely prevent
the cooling gas, which has cooled the substrate to have heat, from stagnating around the substrate.
[0080] Note that, when the cooling gas circulates along the substrate in the opposite direction of the rotating direction
in a certain part of the substrate, the fins and the cooling gas collide to be opposed to each other in the part, it is possible
to more efficiently cool the fins with the cooling gas. Therefore, it is possible to more efficiently cool the substrate and
the phosphor.
[0081] In the seventh aspect, it is preferable that the wavelength conversion device includes a heat receiver disposed
inside the housing and configured to receive heat from the circulating cooling gas discharged according to the rotation
of the substrate, the heat receiver includes a channel for circulating the cooling gas discharged according to the rotation
of the substrate and guiding the cooling gas to the delivering device, and the housing is a sealed housing.
[0082] As explained above, when relatively intense excitation light is made incident on the phosphor layer, a phenom-
enon called optical dust collection easily occurs. When dust is easily collected in this way, use efficiency of the excitation
light is deteriorated. Besides, it is highly likely that a deficiency occurs in the rotation of the substrate by the rotating device.
[0083] On the other hand, with the configuration explained above, it is possible to prevent dust from intruding into the
housing. Therefore, it is possible to prevent deterioration in the use efficiency of the excitation light. Besides, it is possible
to configure the wavelength conversion device having high reliability.
[0084] The heat receiver includes a channel for receiving heat from the cooling gas, which has cooled the substrate,
and guiding the cooling gas after the heat reception to the delivering device. Therefore, it is possible to reduce the
temperature of the cooling gas delivered to the substrate. Therefore, it is possible to further improve the cooling efficiency
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of the substrate.
[0085] In the seventh aspect, it is preferable that the wavelength conversion device includes a suction device located
on an opposite direction side of the second direction with respect to the substrate when viewed along the first direction
and configured to suck the cooling gas discharged according to the rotation of the substrate.
[0086] With such a configuration, the suction device located on the opposite direction side of the second direction with
respect to the substrate sucks the cooling gas that has cooled the substrate. Therefore, it is possible to specify a circulating
direction of the cooling gas after the cooling of the substrate in the opposite direction of the second direction. Therefore,
it is possible to make it easy to circulate the cooling gas after the cooling in the opposite direction of the second direction
from the first region and the second region. It is possible to quickly discharge the cooling gas. Therefore, it is possible
to more suitably achieve the effects explained above.
[0087] Note that such a suction device and the delivering device can be configured by one fan disposed inside the
housing. In such a case, it is possible to suitably achieve the effects explained above without increasing the number of
components.
[0088] An illumination device according to an eighth aspect of the present invention includes: the wavelength conversion
device; and a light source section configured to emit light made incident on the wavelength conversion device.
[0089] According to the eighth aspect, it is possible to achieve the same effects as the effects of the wavelength
conversion device according to the seventh aspect.
[0090] A projector according to a ninth aspect of the present invention includes: the illumination device; an image
forming device configured to form an image using light emitted from the illumination device; and a projection optical
device configured to project the formed image.
[0091] According to the ninth aspect, it is possible to achieve the same effects as the effects of the illumination device
according to the eighth aspect.

Brief Description of the Drawings

[0092]

[Fig. 1] Fig. 1 is a schematic perspective view showing a projector according to a first embodiment of the present
invention.
[Fig. 2] Fig. 2 is a schematic diagram showing the configuration of the projector in the first embodiment.
[Fig. 3] Fig. 3 is a schematic diagram showing the configuration of an illumination device in the first embodiment.
[Fig. 4] Fig. 4 is a perspective view showing an exterior of a wavelength conversion device in the first embodiment.
[Fig. 5] Fig. 5 is a sectional view showing the wavelength conversion device in the first embodiment.
[Fig. 6] Fig. 6 is a sectional view taken along an A-A line of the wavelength conversion device shown in Fig. 5.
[Fig. 7] Fig. 7 is a sectional view taken along a B-B line of the wavelength conversion device shown in Fig. 5.
[Fig. 8] Fig. 8 is a schematic diagram showing a flow of a cooling gas in a housing in the first embodiment.
[Fig. 9] Fig. 9 is a sectional view showing a wavelength conversion device included in a projector according to a
second embodiment of the present invention.
[Fig. 10] Fig. 10 is a sectional view showing a wavelength conversion device according to a third embodiment of
the present invention.
[Fig. 11] Fig. 11 is a sectional view taken along an A-A line of the wavelength conversion device shown in Fig. 10.
[Fig. 12] Fig. 12 is a sectional view taken along a B-B line of the wavelength conversion device shown in Fig. 10.
[Fig. 13] Fig. 13 is a schematic diagram showing a flow of a cooling gas in a housing in the third embodiment.
[Fig. 14] Fig. 14 is a diagram showing a space in which a wavelength conversion element is disposed in a wavelength
conversion device in a comparative example of the third embodiment.
[Fig. 15] Fig. 15 is a diagram showing a space in which a wavelength conversion element is disposed in the wavelength
conversion device in the third embodiment.

Description of Embodiments

[First Embodiment]

[0093] A first embodiment of the present invention is explained below with reference to the drawings.

[Schematic configuration of a projector]

[0094] Fig. 1 is a schematic perspective view showing a projector 1 according to this embodiment.
[0095] The projector 1 according to this embodiment is a projection-type display device that modulates light emitted
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from an illumination device 31 explained below to form an image corresponding to image information and enlarges and
projects the image on a projection surface such as a screen. This projector 1 includes, as shown in Fig. 1, an exterior
housing 2 that configures an exterior.
[0096] As explained in detail below, this projector 1 includes a wavelength conversion device 5 that configures the
illumination device 31. The wavelength conversion device 5 includes a wavelength conversion element 52, a circulating
device 55, and a heat absorbing device 56 and a sealed-type housing 51 that houses these devices on the inside. As
one of characteristics of the projector 1, the circulating device 55 circulates a cooling gas in the housing 51 to thereby
cool a phosphor layer 522 included in the wavelength conversion element 52.
[0097] The configuration of the projector 1 is explained below.

[Configuration of the exterior housing]

[0098] The exterior housing 2 is formed in a substantially rectangular parallelepiped shape. The exterior housing 2
includes a top surface section 21, a bottom surface section 22, a front surface section 23, a back surface section 24, a
left side surface section 25, and a right side surface section 26.
[0099] A pair of grip sections 211 is provided on the top surface section 21. Although not shown in the figure, leg
sections in contact with a placing surface, on which the projector 1 is placed, are provided on the bottom surface section
22. An opening section 231, from which a part of a projection optical device 36 explained below is exposed, is formed
in the front surface section 23. Further, although not shown in the figure, a lead-in port for leading in the air on the outside
is formed in the right side surface section 26. An exhaust port for discharging the air circulating in the exterior housing
2 is formed in the left side surface section 25.
[0100] Fig. 2 is a schematic diagram showing the configuration of the projector 1 according to this embodiment.
[0101] The projector 1 includes, besides the exterior housing 2, as shown in Fig. 2, an optical unit 3, which is an image
projection device housed in the exterior housing 2. Besides, although not shown in the figure, the projector 1 includes
a control device that controls the projector 1, a cooling device that cools a cooling target such as an optical component,
and a power supply device that supplies electric power to an electronic component.

[Configuration of an optical unit]

[0102] The optical unit 3 includes the illumination device 31, a color separation device 32, collimating lenses 33, image
forming devices 34, a color combining device 35, and the projection optical device 36.
[0103] Among these devices, the illumination device 31 emits illumination light WL. Note that the configuration of the
illumination device 31 is explained in detail below.
[0104] The color separation device 32 separates the illumination light WL made incident from the illumination device
31 into red, green, and blue color lights LR, LG, and LB. This color separation device 32 includes dichroic mirrors 321
and 322, reflection mirrors 323, 324, and 325, and relay lenses 326 and 327.
[0105] The dichroic mirror 321 separates the blue light LB and the other color lights (the green light LG and the red
light LR) from the illumination light WL. The separated blue light LB is reflected by the reflection mirror 323 and led to
the collimating lens 33 (33B). The separated other color lights are made incident on the dichroic mirror 322.
[0106] The dichroic mirror 322 separates the green light LG and the red light LR from the other color lights. The
separated green light LG is led to the collimating lens 33 (33G). The separated red light LR is led to the collimating lens
33 (33R) via the relay lens 326, the reflection mirror 324, the relay lens 327, and the reflection mirror 325.
[0107] Note that the collimating lenses 33 (collimating lenses for the red, green, and blue color lights are respectively
represented as 33R, 33G, and 33B) collimate incident lights.
[0108] The image forming devices 34 (image forming devices for the red, green, and blue color lights are respectively
represented as 34R, 34G, and 34B) respectively modulate the incident color lights LR, LG, and LB and form image lights
by the color lights LR, LG, and LB corresponding to image information. Each of these image forming devices 34 includes,
for example, a liquid crystal panel functioning as a light modulating device that modulates incident light and a pair of
polarizing plates disposed on an incident side and an emission side of the liquid crystal panel.
[0109] The color combining device 35 combines the color lights LR, LG, and LB made incident from the image forming
devices 34R, 34G, and 34B to generate image light. In this embodiment, such a color combining device 35 is configured
by a cross dichroic prism.
[0110] The projection optical device 36 enlarges and projects the image light formed by the color combining device
35 on a projection surface such as a screen SC1. As such a projection optical device 36, for example, a set lens configured
by a lens barrel and a plurality of lenses disposed in the lens barrel can be adopted.
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[Configuration of the illuminating device]

[0111] Fig. 3 is a schematic diagram showing the configuration of the illuminating device 31.
[0112] As explained above, the illuminating device 31 emits the illumination light WL toward the color separation device
32. The illuminating device 31 includes, as shown in Fig. 3, a light source device 4 and an equalizing device 6.
[0113] The light source device 4 includes a light source section 41, an afocal optical system 42, a homogenizer optical
system 43, a first phase difference plate 44, a polarization separation device 45, a second phase difference plate 46, a
first pickup lens 47, a diffusion reflection element 48, a second pickup lens 49, and the wavelength conversion device 5.
[0114] The light source section 41, the afocal optical system 42, the homogenizer optical system 43, the first phase
difference plate 44, the polarization separation device 45, the second phase difference plate 46, the first pickup lens 47,
and the diffusion reflection element 48 are disposed on an illumination optical axis Ax1. Note that the polarization
separation device 45 is disposed in a crossing portion of the illumination optical axis Ax1 and an illumination optical axis
Ax2 orthogonal to the illumination optical axis Ax1.
[0115] The light source section 41 includes a plurality of LDs (Laser Diodes) 411 and collimating lenses 412 corre-
sponding to the LDs 411. The light source section 41 emits excitation light, which is blue light, toward the afocal optical
system 42. Note that, in this embodiment, the LDs 411 emit, for example, excitation lights having a peak wavelength of
440 nm. However, LDs that emit excitation lights having a peak wavelength of 446 nm may be adopted. LDs that
respectively emit excitation lights having peak wavelengths of 440 nm and 446 nm may be mixed. The excitation lights
emitted from these LDs 411 are collimated by the collimating lenses 412 and made incident on the afocal optical system
42. Note that, in this embodiment, the excitation lights emitted from the LDs 411 are S polarized lights.
[0116] The afocal optical system 42 adjusts a light beam diameter of the excitation light made incident from the light
source section 41. The afocal optical system 42 includes lenses 421 and 422. The excitation light passed through the
afocal optical system 42 is made incident on the homogenizer optical system 43.
[0117] The homogenizer optical system 43 cooperates with the pickup lenses 47 and 49 explained below and equalizes
an illuminance distribution of excitation light in an illuminated region of each of the diffusion reflection element 48 and
the wavelength conversion device 5. The homogenizer optical system 43 includes a pair of multi-lens arrays 431 and
432, in each of which a plurality of small lenses are arrayed in a matrix shape on an optical axis orthogonal surface. The
excitation light emitted from the homogenizer optical system 43 is made incident on the first phase difference plate 44.
[0118] The first phase difference plate 44 is a half wavelength plate. The first phase difference plate 44 converts a
part of S polarized light into P polarized light in a process of transmitting incident excitation light. Consequently, the
excitation light made incident on the first phase difference plate 44 is emitted as light in which the S polarized light and
the P polarized light are mixed. The excitation light converted in this way is made incident on the polarization separation
device 45.
[0119] The polarization separation device 45 is a PBS (Polarizing Beam Splitter) of a prism type. Prisms 451 and 452
each formed in a substantially triangular shape are stuck together on an interface corresponding to an oblique side to
thereby be formed in a substantially rectangular parallelepiped shape. This interface inclines approximately 45° with
respect to each of the illumination optical axis Ax1 and the illumination optical axis Ax2. In the polarization separation
device 45, a polarization separation layer 453 is formed on an interface of the prism 451 located on the first phase
difference plate 44 side (i.e., the light source section 41 side) in the polarization separation device 45.
[0120] The polarization separation layer 453 has a wavelength-selective polarization separation characteristic. Spe-
cifically, the polarization separation layer 453 has a characteristic of reflecting one of the S polarized light and the P
polarized light included in the excitation light, transmitting the other, and separating these polarized lights. The polarization
separation layer 453 has a characteristic of transmitting fluorescent light generated in the wavelength conversion device
5 irrespective of a polarization state.
[0121] In the excitation light made incident from the first phase difference plate 44, the P polarized light is transmitted
to the second phase difference plate 46 side along the illumination optical system Ax1 and the S polarized light is reflected
to the second pickup lens 49 side along the illumination optical system Ax2 by such a polarization separation device 45.
[0122] The second phase difference plate 46 is a quarter wavelength plate. The second phase difference plate 46
rotates a polarization direction of incident light in a process of transmitting the incident light. Therefore, the P polarized
light made incident from the polarization separation device 45 is made incident on the first pickup lens 47 in a state in
which the polarization direction is rotated.
[0123] The first pickup lens 47 causes the diffusion reflection element 48 to condense the excitation light transmitted
through the second phase difference plate 46 and made incident on the first pickup lens 47. Note that, in this embodiment,
the number of lenses configuring the first pickup lens 47 is three. However, the number of the lenses is not limited to
this and may be any number.
[0124] The diffusion reflection element 48 diffuses and reflects incident excitation light in the same manner as fluo-
rescent light generated and reflected by the wavelength conversion device 5 explained below. As the diffusion reflection
element 48, a reflecting member that causes Lambert reflection of an incident light beam can be illustrated.
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[0125] The excitation light diffused and reflected by such a diffusion reflection element 48 is made incident on the
second phase difference plate 46 again via the first pickup lens 47. A polarization direction of the excited light is further
rotated in a process of transmitting the excitation light through the second phase difference plate 46. The excitation light
is converted into the S polarized light. The excitation light is reflected by the polarization separation layer 453 of the
polarization separation device 45 and made incident on the equalizing device 6.
[0126] The second pickup lens 49 and the wavelength conversion device 5 are disposed on the illumination optical
axis Ax2.
[0127] An S polarized light component of the excitation light is made incident on the second pickup lens 49 from the
first phase difference plate 44 via the polarization separation layer 453. The second pickup lens 49 condenses the
excitation light on the wavelength conversion device 5. Note that, in this embodiment, the number of lenses configuring
the second pickup lens 49 is three as in the first pickup lens 47. However, the number of the lenses is not limited to this
and may be any number.
[0128] The wavelength conversion device 5 generates fluorescent light with the incident excitation light. The fluorescent
light generated by such a wavelength conversion element 52 is made incident on the polarization separation layer 453
of the polarization separation device 45 via the second pickup lens 49. This fluorescent light is non-polarized light.
However, the polarization separation layer 453 has the wavelength-selective polarization separation characteristic as
explained above. Therefore, the fluorescent light is transmitted through the polarization separation layer 453 and made
incident on the equalizing device 6. Note that the configuration of the wavelength conversion device 5 is explained in
detail below.
[0129] In this way, the P polarized light of the excitation light emitted from the light source section 41 and made incident
on the polarization separation device 45 is made incident on the diffusion reflection element 48 to thereby be diffused.
The P polarized light is converted into S polarized light in a process of transmitting the P polarized light through the
second phase difference plate 46 twice and is reflected to the equalizing device 6 side by the polarization separating
device 45.
[0130] On the other hand, the S polarized light in the excitation light is wavelength-converted into fluorescent light by
the wavelength conversion device 5 and thereafter emitted to the equalizing device 6 side via the polarization separation
device 45.
[0131] That is, the blue light, which is a part of the exaction light, and the fluorescent light (light including the green
light and the red light) are combined by the polarization separating device 45 and made incident on the equalizing device
6 as white illumination light WL.

[Configuration of the equalizing device]

[0132] The equalizing device 6 shown in Fig. 3 equalizes the illuminances in optical axis orthogonal planes of light
beams made incident on the image forming devices 34 (34R, 34G, and 34B), which are illuminated regions. Besides,
the equalizing device 6 has a function of aligning polarization directions. This equalizing device 6 includes a first lens
array 61, a second lens array 62, a polarization conversion element 63, and a superimposition lens 64.
[0133] The first lens array 61 has a configuration in which first lenses 611 are arrayed in a matrix shape in an optical
axis orthogonal plane. The first lens array 61 divides an incident light beam (illumination light WL) into a plurality of partial
light beams.
[0134] The second lens array 62 has a configuration in which second lenses 621 corresponding to the first lenses 611
are arrayed in a matrix shape in an optical axis orthogonal plane. The second lenses 621 cause the image forming
devices 34 to superimpose the plurality of partial light beams divided by the first lenses 611 in conjunction with the
superimposition lens 64.
[0135] The polarization conversion element 63 is disposed between the second lens array 62 and the superimposition
lens 64. The polarization conversion element 63 aligns polarization directions of the plurality of partial light beams. The
illumination light WL formed by the plurality of partial light beams, the polarization directions of which are aligned by the
polarization conversion element 63, is made incident on the color separation device 32 via the superimposition lens 64.

[Configuration of the wavelength conversion device]

[0136] Fig. 4 is a perspective view showing the exterior of the wavelength conversion device 5. Fig. 5 is a sectional
view showing the wavelength conversion device 5. Further, Fig. 6 is a sectional view taken along an A-A line of the
wavelength conversion device 5 in Fig. 5. Fig. 7 is a sectional view taken along a B-B line of the wavelength conversion
device 5 in Fig. 5.
[0137] As shown in Fig. 3 to Fig. 7, the wavelength conversion device 5 includes the housing 51. Besides, as shown
in Fig. 4 to Fig. 7, the wavelength conversion device 5 includes the wavelength conversion element 52, a rotating device
53, an attachment member 54, and the circulating device 55 each disposed inside the housing 51 and the heat absorbing
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device 56, a part of components of which are disposed inside the housing 51 and the other components of which are
disposed outside the housing 51.
[0138] Among these devices, the heat absorbing device 56 includes a heat receiver 561 (Fig. 5 and Fig. 7) and includes
a plurality of heat pipes 562, a radiator 563, and a cooling fan 564 as shown in Fig. 4. The configuration of such a heat
absorbing device 56 is explained in detail below.
[0139] Note that, in the following explanation, a traveling direction of the excitation light with respect to the wavelength
conversion device 5 is represented as a +Z direction. Directions respectively orthogonal to the +Z direction and orthogonal
to each other are represented as a +X direction and a +Y direction. Among these directions, the +X direction is set as
a direction in which the radiator 563 is located with respect to the housing 51. The +Y direction is set as a direction
orthogonal to each of the +Z direction and the +X direction and directed toward the wavelength conversion element 52
from the circulating device 55 and the heat receiver 561 when viewed from the +Z direction side. For convenience of
explanation, the opposite direction of the +Z direction is represented as a -Z direction. The same applies to a -X direction
and a -Y direction.

[External configuration of the housing]

[0140] The housing 51 is a sealed housing, on the inside of which a housing space S for housing the wavelength
conversion element 52, the rotating device 53, the attachment member 54, the circulating device 55, and the heat receiver
561 configuring the heat absorbing device 56 are housed. As shown in Fig. 4, the housing 51 is formed in a semicircular
shape on the +Y direction side and formed in a substantially rectangular shape on the -Y direction side when viewed
from the -Z direction side.
[0141] Such a housing 51 includes a side surface section 51A located on the -Z direction side, a side surface section
51B located on the +Z direction side, a side surface section 51C located on the +X direction side, a side surface section
51D located on the -X direction side, a side surface section 51E located on the +Y direction side, and a side surface
section 51F located on the -Y direction side.
[0142] The side surface section 51A is a side surface section on a light incident side in the housing 51. In the side
surface section 51A, an opening section 511, in which a lens closest to the wavelength conversion element 52 among
the plurality of lenses configuring the second pickup lens 49 is fit, is formed.
[0143] In the side surface section 51C, a plurality of holes 512, through which the heat pipes 562 configuring the heat
absorbing device 56 explained below are inserted, are formed.
[0144] The side surface section 51E is a portion formed in an arcuate shape when viewed from the -Z direction side.

[Internal configuration of the housing]

[0145] As shown in Fig. 5, the housing 51 includes, on the inside, a first partition wall 513, a second partition wall 514,
and a third partition wall 515 that segment the housing space S to form spaces S1 to S4.
[0146] The first partition wall 513 is formed along an XY plane in a position apart from the side surface section 51A
by a predetermined space on the inside of the housing 51 to be connected to the inner surfaces of the side surface
sections 51C to 51F. In the space S3 (a second space) surrounded by the first partition wall 513 and the inner surfaces
of the side surface sections 51A and 51C to 51F, the wavelength conversion element 52 and a part on the -Z direction
side in the rotating device 53 are disposed in positions on the +Y direction side. A part on the -Z direction side in the
heat receiver 561 is disposed in a position on the -Y direction side.
[0147] An opening section 5131 is formed in a position corresponding to the wavelength conversion element 52 in the
first partition wall 513. As shown in Fig. 6 and Fig. 7, an opening shape of the opening section 5131 substantially coincides
with a rotation range of a substrate 521. That is, the opening section 5131 is formed in a substantially circular shape
corresponding to an external shape during rotation of the substrate 521. An inner diameter dimension of the opening
section 5131 substantially coincides with a diameter dimension during rotation of the wavelength conversion element
52 (the substrate 521). A center position of the opening section 5131 and a center position of the wavelength conversion
element 52 (the substrate 521) substantially coincide.
[0148] In a part on the -Y direction side in the first partition wall 513, as shown in Fig. 7, an opening section 5132
having a substantially rectangular shape substantially coinciding with the external shape of the heat receiver 561 is
formed. An opening area of this opening section 5132 substantially coincides with the sectional area of the heat receiver
561. The heat receiver 561 is fit in the opening section 5132.
[0149] As shown in Fig. 5, the second partition wall 514 is formed along an XZ plane on the +Z direction side with
respect to the first partition wall 513 and in a substantially center position in the +Y direction of the housing 51. That is,
the second partition wall 514 is connected to the first partition wall 513 to be substantially orthogonal to the first partition
wall 513. Besides, the second partition wall 514 is connected to the inner surfaces of the side surface sections 51B to
51D. A part on the +Z direction side in the rotating device 53 and the attachment member 54 are disposed in the space
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S2 (a first space) surrounded by this second partition wall 514, the first partition wall 513, and the inner surfaces of the
side surface sections 51B to 51E. Besides, as shown in Fig. 6, a part in the +Y direction side in the circulating device
55 is disposed in the space S2.
[0150] Note that, on the inner side of the side surface sections 51C to 51E, as shown in Fig. 6 and Fig. 7, an arcuate
section 516 formed in a substantially circular shape centering on a center C of the wavelength conversion element 52
(the center C of the substantially circular substrate 521) when viewed from the +Z direction side is formed on the outer
side of the wavelength conversion element 52. The space S2 is formed by the arcuate section 516, the surface on the
+Y direction side in the second partition wall 514, and the inner surface of the side surface section 51B. Therefore, the
space S2 is a substantially circular space when viewed from the +Z direction side.
[0151] As shown in Fig. 5, the third partition wall 515 segments a space on the -Y direction side with respect to the
second partition wall 514 into the space S1 on the +Z direction side and the space S4 on the -Z direction side. This third
partition wall 515 is formed along the XY plane in a position on the -Y direction side with respect to the second partition
wall 514 and between the first partition wall 513 and the inner surface of the side surface section 51B. That is, the third
partition wall 515 is formed in parallel to the first partition wall 513 and connected to the second partition wall 514 and
the inner surfaces of the side surface sections 51C, 51D, and 51F. In the space S4 surrounded by the third partition wall
515, the first partition wall 513 and the second partition wall 514, and the inner surfaces of the side surface sections
51C, 51D, and 51F, as shown in Fig. 5 and Fig. 7, a part on the +Z direction side in the heat receiver 561 is disposed.
In the space S1 surrounded by the third partition wall 515, the second partition wall 514, and the inner surfaces of the
side surface sections 51B to 51D and 51F, as shown in Fig. 5 and Fig. 6, a part on the -Y direction side in the circulating
device 55 is disposed.
[0152] Note that, as shown in Fig. 5, in a position corresponding to the heat receiver 561 in the second partition wall
514, an opening section 5141 for causing the spaces S2 and S4 to communicate is formed.
[0153] In a position corresponding to the heat receiver 561 and an intake port 552 of the circulating device 55 sub-
stantially in the center of the third partition wall 515, an opening section 5151 for causing the space S4 and the space
S1 to communicate is formed.
[0154] Further, as shown in Fig. 5 and Fig. 6, in a position further on the +Z direction side than the opening section
5141 and in a position on the +X direction side in the second partition wall 514, an opening section 5142 in which a
discharge section 553 of the circulating device 55 is disposed is formed.

[Configuration of the wavelength conversion element]

[0155] The wavelength conversion element 52 generates and emits the fluorescent light according to incidence of
excitation light. As shown in Fig. 5, this wavelength conversion element 52 is disposed in the space S3 such that a
predetermined gap is formed between the wavelength conversion element 52 and the inner surface of the side surface
section 51A.
[0156] Such a wavelength conversion element 52 includes, as shown in Fig. 3 and Fig. 5, the substrate 521 rotated
by the rotating device 53 explained below. The substrate 521 includes the phosphor layer (a wavelength conversion
layer) 522, a reflection layer 523, a connecting section 524, and a plurality of fins 525.
[0157] Among these components, as shown in Figs. 6 and Fig. 7, the substrate 521 is formed in a substantially circular
shape when viewed from the +Z direction side. This substrate 521 is formed by a member having thermal conductivity.
In this embodiment, the substrate 521 is formed by metal.
[0158] As shown in Fig. 3 and Fig. 5, the phosphor layer 522 and the reflection layer 523 are each located on a surface
521A on an incident side of excitation light (the -Z direction side) on the substrate 521.
[0159] The phosphor layer 522 includes a phosphor excited by incident excitation light to emit fluorescent light (light
in a wavelength region of 500 to 700 nm). When excitation light is made incident on this phosphor layer 522, a part of
the fluorescent light is emitted to the second pickup lens 49 side and another part is emitted to the reflection layer 523 side.
[0160] The reflection surface 523 is disposed between the phosphor layer 522 and the substrate 521. The reflection
surface 523 reflects the fluorescent light made incident from the phosphor layer 522 to the second pickup lens 49 side.
[0161] As shown in Fig. 5 to Fig. 7, the connecting section 524 and the plurality of fins 525 are located on a surface
521B on the opposite side of the surface 521A (the +Z direction side).
[0162] The connecting section 524 is a part located in the center of the surface 521B, the rotating device 53 being
connected to the part.
[0163] The plurality of fins 525 are formed around the connecting section 524. In detail, the plurality of fins 525 are
each formed in a region on the outer side of the connecting section 524 on the surface 521B to extend from a position
on the center side toward the outer side. These fins 525 are not linearly formed from the center of the substrate 521
toward the outer side. The fins 525 are formed in an arcuate shape curved to warp to the opposite side of a rotating
direction of the substrate 521 (a D direction) by the rotating device 53 toward the outer side. That is, the fins 525 do not
radially extend. The fins 525 are formed in a spiral shape swirling to the opposite side of the D direction in a degree not
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circulating a half circumference of the substrate 521. Heat generated in the fluorescent layer 522 is conducted to the
fins 525 via the substrate 521. Heat exchange is performed between the fins 525 and a cooling gas circulated by the
circulating device 55 explained below. Consequently, the fins 525 and the phosphor layer 522 are cooled.

[Configuration of the rotating device]

[0164] The rotating device 53 is configured by, for example, a motor that rotates the rotating device 53 around a
rotation axis RA passing the center C of the wavelength conversion element 52 and extending along the +Z direction
as shown in Fig. 5 to Fig. 7. This rotating device 53 is located on the +Z direction side with respect to the wavelength
conversion element 52 and connected to the connecting section 524. As shown in Fig. 6 and Fig. 7, the rotating device
53 rotates the wavelength conversion element 52 in the D direction, which is a counterclockwise direction when viewed
from the +Z direction side. A position where the excitation light is made incident in the phosphor layer 522 is changed
according to the rotation of this wavelength conversion element 52, whereby a part where heat is generated in the
phosphor layer 522 is diffused. High heat is prevented from being locally generated in the phosphor layer 522. Besides,
heat exchange with a cooling gas is facilitated.

[Configuration of the attachment member]

[0165] One end of the attachment member 54 is connected to the rotating device 53 and the other end of the attachment
member 54 is fixed to the inner surface of the side surface section 51B on the +Z direction side in the housing 51,
whereby the rotating device 53 is attached inside the housing 51. As shown in Fig. 6 and Fig. 7, this attachment member
54 is formed in a cylindrical shape having a center axis extending along the +Z direction not to prevent circulation of a
cooling gas discharged by the circulating device 55 explained below. Besides, the attachment member 54 is disposed
to be located on the inner side of the fins 525 when viewed from the +Z direction side. Note that the attachment member
54 may be formed in a prism shape. In this case, in terms of not preventing the circulation of the cooling gas, the cross
section of the attachment member 54 is desirably a polygonal shape having a larger number of corner sections.

[Configuration of the circulating device]

[0166] The circulating device 55 circulates a cooling gas in the housing 51 and circulates the cooling gas to the
wavelength conversion element 52 (in detail, the plurality of fins 525). This circulating device 55 is located on the -Y
direction side with respect to the wavelength conversion element 52 when viewed from the +Z direction side. In this
embodiment, the circulating device 55 is configured by a sirocco fan.
[0167] As shown in Fig. 5 and Fig. 6, the circulating device 55 is disposed over the spaces S1 and S2. Specifically,
the circulating device 55 is disposed to be opposed to the third partition wall 515 such that the intake port 552 located
on a surface 551 set in contact with the third partition wall 515 to suck a cooling gas is in a position corresponding to
the opening section 5151 of the third partition wall 515. In the circulating device 55, the discharge section 553 including
the discharge port 554 for discharging the cooling gas is located inside the space S2 as shown in Fig. 6.
[0168] With such a circulating device 55, a cooling gas sucked from the space S4, in which the heat receiver 561
explained below is located, is discharged from the discharge port 554 located inside the space S2, circulates inside the
space S2, and is circulated to the surface 521B of the wavelength conversion element 52 via the opening section 5131.
[0169] As shown in Fig. 6, the discharge section 553 (the discharge port 554) is disposed to be shifted in the +X
direction with respect to an imaginary line VL passing the center C of the wavelength conversion element 52 and extending
along the +Y direction to cross the arcuate section 516. Therefore, when viewed from the +Z direction side, as indicated
by an arrow AL, a cooling gas is delivered from the discharge port 554 while deviating to the +X direction side with
respect to the wavelength conversion element 52 and thereafter circulates clockwise along the arcuate section 516 and
the surface 521B of the wavelength conversion element 52. That is, a circulating direction of the cooling air circulating
along the surface 521B is the opposite direction of the rotating direction of the substrate 521. The cooling gas is taken
into the plurality of fins 525, cools the plurality of fins 525, and is thereafter radially discharged into the space S3 according
to the rotation of the substrate 521.
[0170] Note that a cooling gas that has cooled the wavelength conversion element 52 circulates to the -Y direction
side in the space S3 with a suction force of the circulating device 55 and circulates inside the heat receiver 561 configuring
the heat absorbing device 56.

[Configuration of the heat absorbing device]

[0171] The heat absorbing device 56 absorbs heat from a cooling gas that circulates inside the housing 51 with the
circulating device 55, discharges the absorbed heat to the outside of the housing 51, and reduces the temperature inside
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the housing 51. This heat absorbing device 56 includes, as shown in Fig. 5 and Fig. 7, the heat receiver 561 (Fig. 6 and
Fig. 7) and the plurality of heat pipes 562. Besides, the heat absorbing device 56 includes, as shown in Fig. 4, the radiator
563 and the cooling fan 564 each disposed on the outside of the housing 51.
[0172] The heat receiver 561 receives (absorbs) heat of a cooling gas. As explained above, the heat receiver 561 is
disposed to extend over the spaces S3 and S4 inside the housing 51. In detail, as shown in Fig. 5, a part on the -Z
direction side of the heat receiver 561 is fit in the opening section 5132. An end portion on the +Z direction side of the
heat receiver 561 is in contact with a surface on the -Z direction side in the third partition wall 515. In this way, substantially
all of the cooling gases sucked by the circulating device 55 are cooling gases that circulate inside the heat receiver 561.
[0173] As shown in Fig. 7, such a heat receiver 561 is configured by a plurality of tabular fins 5611 extending along
a Y direction (in detail, a YZ plane). These fins 5611 are disposed in parallel along the +X direction at a predetermined
gap. Channels, in which a cooling gas flows, are formed among the fins 5611. The heat receiver 561 receives heat from
the cooling gas and cools the cooling gas.
[0174] A part on the +Y direction side in the heat receiver 561 is in contact with an end edge on the +Y direction side
among end edges of the opening section 5132 of the first partition wall 513. The second partition wall 514 located on
the +Y direction side with respect to the heat receiver 561 and substantially orthogonal to the first partition wall 513
includes the opening section 5141 in a position corresponding to the heat receiver 561. Therefore, with the suction force
of the circulating device 55, a part of a cooling gas inside the space S2 flows into the heat receiver 561. Besides, a
cooling gas that has cooled the wavelength conversion element 52 flows into the heat receiver 561 from the space S3.
These cooling gases are sucked by the circulating device 55. That is, the heat receiver 561 includes a first channel FP1
into which a part of the cooling gas inside the space S2 flows and in which the cooling gas circulates to the circulating
device 55 side and a second channel FP2 into which the cooling gas that has cooled the wavelength conversion element
52 flows from the space S3 and in which the cooling gas circulates to the circulating device 55 side.
[0175] Note that a channel length of the second channel FP2 is larger than a channel length of the first channel FP1.
Therefore, it is possible to secure a channel length capable of sufficiently receiving heat from a cooling gas having a
relatively high temperature circulating in the second channel FP2.
[0176] The plurality of heat pipes 562 (5621 and 5622) are heat conduction members that conduct heat conducted to
the heat receiver 561 to the radiator 563. As shown in Fig. 5 and Fig. 7, one ends of these heat pipes 562 are connected
the heat receiver 561 inside the housing 51. As shown in Fig. 4, the other ends of the heat pipes 562 are connected to
the radiator 563 on the outside of the housing 51. In this embodiment, three heat pipes 562 are provided. However, the
number of the heat pipes 562 can be changed as appropriate.
[0177] The temperature of the cooling gas circulating in the second channel FP2 is higher than the temperature of the
cooling gas circulating in the first channel FP1. Therefore, a heat quantity conducted to the second channel FP2 is higher
than a heat quantity conducted to the first channel FP1. Consequently, it is necessary to efficiently conduct heat conducted
from the first channel FP1 to the second channel FP2 to the outside of the housing 51.
[0178] On the other hand, in this embodiment, a contact area of the heat pipes 562 provided in the second channel
FP2 (the heat pipes 562 that conduct heat conducted in the second channel FP2 to the outside of the housing 51) with
the heat receiver 561 is set larger than a contact area of the heat pipes 562 provided in the first channel FP1 (the heat
pipes 562 that conduct heat conducted in the first channel FP1 to the outside of the housing 51) with the heat receiver 561.
[0179] Specifically, the number of the heat pipes 5622 provided in the second channel FP2 is larger than the number
of the heat pipes 5621 provided in the first channel FP1. In detail, whereas one heat pipe 5621 is provided in the first
channel FP1, two heat pipes 5622 are provided in the second channel FP2. Consequently, it is possible to efficiently
conduct heat conducted to the first channel FP1 and the second channel PF2 to the outside of the housing 51 with a
small number of the heat pipes 562.
[0180] As shown in Fig. 4, the radiator 563 radiates heat of the heat receiver 561 conducted via the heat pipes 562
to the outside of the housing 51. This radiator 563 includes a plurality of fins 5631 formed by metal having thermal
conductivity. The other ends of the heat pipes 562 are disposed to pierce through these fins 5631.
[0181] The cooling fan 564 circulates a cooling gas (the external air led into the exterior housing 2) to the radiator 563
and discharges heat conducted to the radiator 563. In this embodiment, the cooling fan 564 is configured by an axial
flow fan. When this cooling fan 564 is driven, the cooling gas is sucked, whereby the cooling gas is supplied to the
radiator 563 and the radiator 563 is cooled. Such a cooling gas served for the cooling of the radiator 563 is sucked and
discharged by the cooling fan 564. The cooling gas is discharged to the outside of the exterior housing 2 by a not-shown
fan via an exhaust port formed in the exterior housing 2. Note that the cooling fan 564 may be configured by a sirocco fan.

[Circulation channel of a cooling gas in the housing]

[0182] Fig. 8 is a schematic diagram showing a circulation channel of a cooling gas inside the housing 51.
[0183] As explained above, the cooling gas inside the housing 51 is circulated by the circulating device 55.
[0184] Specifically, as indicated by an arrow F1 in Fig. 8, the cooling gas discharged into the space S2 from the
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circulating device 55 located inside the space S1 circulates to, via the opening section 5131 of the first partition wall
513, the surface 521B on the +Z direction side in the wavelength conversion element 52 located inside the space S3.
[0185] The cooling gas circulating to the wavelength conversion element 52 intrudes into among the plurality of fins
525 located on the surface 521B. At this time, heat of the phosphor layer 522 conducted to the fins 525 is conducted to
the cooling gas. The fins 525 and the phosphor layer 522 are cooled.
[0186] As indicated by an arrow F2, a cooling gas that has cooled the wavelength conversion element 52 is emitted
into the space S3 from among the fins 525 radially centering on the center C when viewed from the +Z direction side
according to the rotation of the wavelength conversion element 52 by the rotating device 53.
[0187] The cooling gas emitted into the space S3 from the wavelength conversion element 52 is prevented from
circulating to the space S2 side by the first partition wall 513. On the other hand, the cooling gas circulates to the -Y
direction side inside the space S3 with the suction force of the circulating device 55 and is caused to flow into the heat
receiver 561. This cooling gas circulates in the second channel FP2 along an arrow F3 and is caused to flow into the
circulating device 55 via the opening section 5151 for causing the space S4 and the space S1 to communicate.
[0188] With the suction force of the circulating device 55, a part of a cooling gas inside the space S2 is caused to flow
into the heat receiver 561 located in the space S4 via the opening section 5141 of the second partition wall 514 along
an arrow F4. The part of the cooling gas circulates in the first channel FP1 and is caused to flow into the circulating
device 55 via the opening section 5151. Consequently, it is possible to lower the temperature of the cooling gas discharged
from the circulating device 55 and circulating to the wavelength conversion element 52.
[0189] Note that, as explained above, the heat conducted to the heat receiver 561 is conducted to the radiator 563
via the heat pipes 562 and emitted to the outside of the housing 51.

[Effects of the first embodiment]

[0190] With the projector 1 according to this embodiment explained above, there are effects explained below.
[0191] The housing 51, in which the wavelength conversion element 52 including the substrate 521 and the circulating
device 55 are housed, includes the first partition wall 513 that separates the space S2 (the first space) on the delivery
side of a cooling gas to the substrate 521 and the space S3 (the second space) to which the cooling gas is discharged
from the substrate 521.
[0192] Consequently, it is possible to prevent a cooling gas radially discharged from the substrate 521, that is, a cooling
gas that has cooled the substrate 521 from circulating to the space S2 side while keeping heat and being circulated to
the substrate 521 again. Therefore, it is possible to prevent a cooling gas having a high temperature from being supplied
to the substrate 521. Therefore, it is possible to efficiently cool the substrate 521 on which the phosphor layer 522 is
located and the phosphor of the phosphor layer 522.
[0193] Since a cooling gas circulating toward the substrate 521 and a cooling gas discharged from the substrate 521
can be divided by the first partition wall 513, it is possible to prevent these cooling gases from colliding with each other.
Therefore, it is possible to surely circulate the individual cooling gases.
[0194] The first partition wall 513 includes the opening section 5131 for circulating a cooling gas from the space S2
side to the substrate 521. The opening shape of the opening section 5131 substantially coincides with the rotation range
of the substrate 521. Consequently, it is possible to surely circulate a cooling gas circulated by the circulating device 55
to the substrate 521. Since the dimension of the opening section 5131 substantially coincides with the rotation range of
the substrate 521, it is possible to prevent a cooling gas radially discharged during the rotation of the substrate 521 from
circulating to the space S2 side and circulating toward the substrate 521 again. Therefore, it is possible to surely circulate
a cooling gas having a relatively low temperature to the substrate 521. It is possible to more efficiently cool the phosphor.
[0195] Since the substrate 521 includes a plurality of fins 525, compared with when the plurality of fins 525 are absent,
it is possible to increase a contact area with a cooling gas on the substrate 521. Therefore, it is possible to efficiently
conduct heat of the substrate 521 to the cooling gas. It is possible to further improve the cooling efficiency of the substrate
521.
[0196] Since each of the plurality of fins 525 extends from the center side toward the outer side of the substrate 521,
a cooling gas is easily radially discharged according to the rotation of the substrate 521. Therefore, it is possible to
prevent the cooling gas, which has cooled the substrate 521 to have heat, from stagnating around the substrate 521.
[0197] Each of the plurality of fins 525 has a shape warping to the opposite side of the rotating direction of the substrate
521 from the center side toward the outer side of the substrate 521. Consequently, it is possible to make it easy to radially
discharge a cooling gas having heat from the substrate 521.
[0198] Since a cooling gas circulates in the opposite direction of the rotating direction of the substrate 521, the fins
525 and the cooling gas collide to be opposed to each other. Consequently, it is possible to more efficiently cool the fins
525 with the cooling gas. Therefore, it is possible to more efficiently cool the substrate 521 and the phosphor.
[0199] The wavelength conversion device 5 includes the heat absorbing device 56 disposed inside the housing 51
and including the heat receiver 561 that receives heat of a circulated cooling gas. Consequently, since the heat of the
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cooling gas served for cooling of the substrate 521 is conducted to the heat receiver 561, it is possible to cool a cooling
gas sucked by the circulating device 55 and circulating to the substrate 521.
[0200] The heat receiver 561 includes the first channel FP1 and the second channel FP2. Consequently, a cooling
gas for which heat exchange is not sufficiently performed by the heat exchanger 561 in a process of circulating the
cooling gas in the second channel FP2 circulates in the first channel FP1. Consequently, it is possible to receive a larger
heat quantity from the cooling gas. It is possible to further cool the cooling gas.
[0201] Therefore, it is possible to surely lower the temperature of the cooling gas circulating to the substrate 521. It is
possible to more efficiently cool the substrate 521 and the phosphor.
[0202] The heat absorbing device 56 includes the heat pipes 562 functioning as the heat conduction members, one
ends of which are connected to the heat receiver 561 and the other ends of which are connected to the radiator 563.
The heat conduction members conduct heat conducted to the heat receiver 561 to the radiator 563 located on the outside
of the housing 51. Consequently, the heat conducted to the heat receiver 561 can be surely conducted to the outside
of the housing 51 by the heat pipes 562. Therefore, it is possible to surely lower the temperature of a cooling gas inside
the housing 51. Therefore, it is possible to more effectively cool the substrate 521, to which the cooling gas is circulated,
and the phosphor.
[0203] In order to enlarge a contact area of the heat pipes 562 disposed in the second channel FP2 with the heat
receiver 561 to be larger than a contact area of the heat pipes 562 disposed in the first channel FP1 with the heat receiver
561, the number of the heat pipes 5622 functioning as the second conduction members disposed in the second channel
FP2 is larger than the number of the heat pipes 5621 functioning as the first heat conduction members disposed in the
first channel FP1. Consequently, it is possible to more efficiently conduct heat conducted in the second channel FP2,
in which a cooling gas having a relatively high temperature circulates, to the outside of the housing 51 than heat conducted
in the first channel FP1, in which a cooling gas having a relatively low temperature circulates. Therefore, it is possible
to efficiently conduct heat conducted to the heat receiver 561 to the outside of the housing 51 with a small number of
the heat pipes 562. It is possible to efficiently cool a cooling gas with the heat receiver 561. Therefore, it is possible to
circulate a cooling gas having a lower temperature to the substrate 521. It is possible to more efficiently cool the phosphor.
[0204] When relatively intense excitation light is made incident on the phosphor layer 522, a phenomenon called
optical dust collection easily occurs. When dust is easily collected in this way, use efficiency of the excitation light is
deteriorated. Besides, it is highly likely that a deficiency occurs in the rotation of the substrate 521 by the rotating device 53.
[0205] On the other hand, since the housing 51 is the sealed housing, it is possible to prevent dust from intruding into
the housing 51. Therefore, it is possible to prevent the deterioration in the use efficiency of the excitation light. Besides,
it is possible to configure the wavelength conversion device 5 having high reliability.
[0206] As shown in Fig. 6, when viewed from the +Z direction side along the rotation axis RA of the wavelength
conversion element 52 (the substrate 521), in a part in the circumferential direction of the substrate 521 (e.g., a part
521C located on the +X direction side from the center C or a part 521D located on the +Y direction side from the center
C), a cooling gas circulates in the opposite direction of the rotating direction of the substrate 521 in the part. Consequently,
compared with when the cooling gas is blown against the substrate 521 along the rotation axis RA, it is possible to
extend a time in which the cooling gas is in contact with the surface 521B of the substrate 521. Besides, since the cooling
gas circulates in a direction against the rotation of the substrate 521 in the part, it is possible to increase relative flow
velocity of the cooling gas with respect to the substrate 521. Therefore, it is possible to efficiently cool the substrate 521
and the phosphor of the phosphor layer 522.
[0207] The housing 51 includes the arcuate section 516 located on the outer side of the substrate 521 and extending
along the circumferential direction during the rotation of the substrate 521 when the substrate 521 is viewed from the
+Z direction side along the rotation axis RA. Consequently, it is possible to circulate a cooling gas circulated to the
substrate 521 in the circumferential direction along the arcuate section 516. Therefore, it is possible to surely circulate
the cooling gas in the opposite direction of the D direction by rotating the substrate 521 in the D direction. Therefore, it
is possible to surely and efficiently cool the substrate 521 and the phosphor.
[0208] The discharge port 554 of the circulating device 55 is disposed to be shifted with respect to the imaginary line
VL extending along the orthogonal direction to the rotation axis RA and passing the rotation axis RA to cross the arcuate
section 516. Consequently, it is possible to make it easy to circulate a cooling gas discharged from the discharge port
554 while deviating the cooling gas to the disposition side of the discharge port 554 with respect to the imaginary line
VL on the substrate 521. Therefore, in the part 521C, it is possible to surely circulate the cooling gas in the opposite
direction of the rotating direction of the substrate 521. Besides, it is possible to make it easy to circulate the cooling gas
along the arcuate section 516. Therefore, it is possible to more surely circulate the cooling gas in the opposite direction
of the rotating direction of the substrate 521. Therefore, it is possible to more surely achieve the effects explained above.
[0209] The substrate 521 includes, on the surface 521B to which a cooling gas is circulated by the circulating device
55, the plurality of fins 525 extending from the center side toward the outer side of the substrate 521. The attachment
member 54 that attaches the rotating device 53 to the inner surface of the side surface section 51B is provided inside
the housing 51. When the substrate 521 is viewed from the +Z direction side along the rotation axis RA, the attachment
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member 54 is disposed in a position further on the center side of the substrate 521 than the plurality of fins 525 on the
substrate 521.
[0210] Consequently, each of the plurality of fins 525 extends from the center side toward the outer side of the substrate
521. Therefore, it is possible to make it easy to radially discharge the cooling gas according to the rotation of the substrate
521. Consequently, it is possible to prevent the cooling gas, which has cooled the substrate 521 to have heat, from
stagnating around the substrate 521.
[0211] In the part (e.g., the part 521C or the part 521D), since the circulating direction of the cooling gas and the
rotating direction of the substrate 521 are opposite directions each other, it is possible to cause the cooling gas to collide
with the fins 525 to be opposed to the fins 525. Therefore, it is possible to efficiently cool the fins 525 with the cooling
gas. It is possible to efficiently cool the phosphor.
[0212] Further, since the attachment member 54 is located further on the center C side than the fins 525, it is possible
to prevent the fins 525 from being covered by the attachment member 54. Consequently, it is possible to prevent a flow
of the cooling gas circulating to the fins 525 from being hindered by the attachment member 54. It is possible to surely
circulate the cooling gas along the surface 521B.
[0213] The attachment member 54 is formed in a cylindrical shape. Consequently, even when a part of a cooling gas
circulates along the attachment member 54, for example, compared with when the attachment member projects to a
channel side of the cooling gas, it is possible to prevent the attachment member 54 from hindering a flow of the cooling
gas. Therefore, it is possible to smoothly circulate the cooling gas to the substrate 521.
[0214] As shown in Fig. 6, when viewed from the +Z direction side along the rotation axis RA of the wavelength
conversion element 52 (the substrate 521), in a part in the circumferential direction of the substrate 521 (e.g., the part
521C located on the +X direction side from the center C or the part 521D located on the +Y direction side from the center
C), a cooling gas circulates in the opposite direction of the rotating direction of the substrate 521 in the part. Consequently,
compared with when the cooling gas is blown against the substrate 521 along the rotation axis RA, it is possible to
extend a time in which the cooling gas is in contact with the surface 521B of the substrate 521. Besides, since the cooling
gas circulates in a direction against the rotation of the substrate 521 in the part, it is possible to increase relative flow
velocity of the cooling gas with respect to the substrate 521. Therefore, it is possible to efficiently cool the substrate 521
and the phosphor of the phosphor layer 522.
[0215] The housing 51 includes the arcuate section 516 located on the outer side of the substrate 521 and extending
along the circumferential direction during the rotation of the substrate 521 when the substrate 521 is viewed from the
+Z direction side along the rotation axis RA. Consequently, it is possible to circulate a cooling gas circulated to the
substrate 521 in the circumferential direction along the arcuate section 516. Therefore, it is possible to surely circulate
the cooling gas in the opposite direction of the D direction by rotating the substrate 521 in the D direction. Therefore, it
is possible to surely and efficiently cool the substrate 521 and the phosphor.
[0216] The discharge port 554 of the circulating device 55 is disposed to be shifted with respect to the imaginary line
VL extending along the orthogonal direction to the rotation axis RA and passing the rotation axis RA to cross the arcuate
section 516. Consequently, it is possible to make it easy to circulate a cooling gas discharged from the discharge port
554 while deviating the cooling gas to the disposition side of the discharge port 554 with respect to the imaginary line
VL on the substrate 521. Therefore, in the part 521C, it is possible to surely circulate the cooling gas in the opposite
direction of the rotating direction of the substrate 521. Besides, it is possible to make it easy to circulate the cooling gas
along the arcuate section 516. Therefore, it is possible to more surely circulate the cooling gas in the opposite direction
of the rotating direction of the substrate 521. Therefore, it is possible to more surely achieve the effects explained above.
[0217] The substrate 521 includes, on the surface 521B to which a cooling gas is circulated by the circulating device
55, the plurality of fins 525 extending from the center side toward the outer side of the substrate 521. The attachment
member 54 that attaches the rotating device 53 to the inner surface of the side surface section 51B is provided inside
the housing 51. When the substrate 521 is viewed from the +Z direction side along the rotation axis RA, the attachment
member 54 is disposed in a position further on the center side of the substrate 521 than the plurality of fins 525 on the
substrate 521.
[0218] Consequently, since each of the plurality of fins 525 extends from the center side toward the outer side of the
substrate 521, it is possible to make it easy to radially discharge the cooling gas according to the rotation of the substrate
521. Consequently, it is possible to prevent the cooling gas, which has cooled the substrate 521 to have heat, from
stagnating around the substrate 521.
[0219] In the part (e.g., the part 521C and the part 521D), the circulating direction of the cooling gas and the rotating
direction of the substrate 521 are opposite directions each other. Therefore, it is possible to cause the cooling gas to
collide with the fins 525 to be oppose to the fins 525. Therefore, it is possible to efficiently cool the fins 525 with the
cooling gas. It is possible to efficiently cool the phosphor.
[0220] Further, since the attachment member 54 is located further on the center C side than the fins 525, it is possible
to prevent the fins 525 from being covered by the attachment member 54. Consequently, it is possible to prevent a flow
of the cooling gas circulating to the fins 525 from being hindered by the attachment member 54. It is possible to surely
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circulate the cooling gas along the surface 521B.
[0221] The attachment member 54 is formed in a cylindrical shape. Consequently, even when a part of a cooling gas
circulates along the attachment member 54, for example, compared with when the attachment member projects to a
channel side of the cooling gas, it is possible to prevent the attachment member 54 from hindering a flow of the cooling
gas. Therefore, it is possible to smoothly circulate the cooling gas to the substrate 521.
[0222] The housing 51, in which the wavelength conversion element 52 including the substrate 521 and the circulating
device 55 are housed, includes the first partition wall 513 that partitions the space S2 (the first space) on the delivery
side of a cooling gas to the substrate 521 and the space S3 (the second space) to which the cooling gas is discharged
from the substrate 521.
[0223] Consequently, it is possible to prevent a cooling gas radially discharged from the substrate 521, that is, a cooling
gas that has cooled the substrate 521 from circulating to the space S2 side while keeping heat and being circulated to
the substrate 521 again. Therefore, it is possible to prevent a cooling gas having a high temperature from being supplied
to the substrate 521. Therefore, it is possible to efficiently cool the substrate 521 on which the phosphor layer 522 is
located and the phosphor of the phosphor layer 522.
[0224] Since it is possible to divide, with the partition wall 513, a cooling gas circulating toward the substrate 521 and
a cooling gas discharged from the substrate 521, it is possible to prevent these cooling gases from colliding with each
other. Therefore, it is possible to surely circulate the respective cooling gases.
[0225] When relatively intense excitation light is made incident on the phosphor layer 522, a phenomenon called
optical dust collection easily occurs. When dust is easily collected in this way, use efficiency of the excitation light is
deteriorated. Besides, it is highly likely that a deficiency occurs in the rotation of the substrate 521 by the rotating device 53.
[0226] On the other hand, since the housing 51 is the sealed housing, it is possible to prevent dust from intruding into
the housing 51. Therefore, it is possible to prevent the deterioration in the use efficiency of the excitation light. Besides,
it is possible to configure the wavelength conversion device 5 having high reliability.
[0227] The wavelength conversion device 5 includes the heat absorbing device 56 disposed inside the housing 51
and including the heat receiver 561 that receives heat of a circulated cooling gas. Consequently, since the heat of the
cooling gas served for cooling of the substrate 521 is conducted to the heat receiver 561, it is possible to cool the cooling
gas sucked by the circulating device 55 and circulating to the substrate 521.
[0228] The heat receiver 561 includes the first channel FP1 and the second channel FP2. Consequently, a cooling
gas for which heat exchange is not sufficiently performed by the heat exchanger 561 in a process of circulating in the
second channel FP2 circulates in the first channel FP1. Therefore, it is possible to receive a larger heat quantity from
the cooling gas. It is possible to further cool the cooling gas.
[0229] Therefore, it is possible to surely lower the temperature of the cooling gas circulating to the substrate 521. It is
possible to more efficiently cool the substrate 521 and the phosphor.
[0230] The first partition wall 513 includes the opening section 5131 for circulating a cooling gas from the space S2
side to the substrate 521. The dimension of the opening section 5131 substantially coincides with the rotation range of
the substrate 521. Consequently, it is possible to surely circulate a cooling gas circulated by the circulating device 55
to the substrate 521 via the opening section 5131. Since the dimension of the opening section 5131 substantially coincides
with the rotation range of the substrate 521, it is possible to prevent a cooling gas radially discharged during the rotation
of the substrate 521 from circulating to the space S2 side and circulating toward the substrate 521 again. Therefore, it
is possible to surely circulate a cooling gas having a relatively low temperature to the substrate 521. It is possible to
more efficiently cool the phosphor.
[0231] Since the substrate 521 includes the plurality of fins 525, compared with when the plurality of fins 525 are
absent, it is possible to increase a contact area with a cooling gas on the substrate 521. Therefore, it is possible to
efficiently conduct heat of the substrate 521 to the cooling gas. It is possible to further improve the cooling efficiency of
the substrate 521.
[0232] Since each of the plurality of fins 525 extends from the center side toward the outer side of the substrate 521,
a cooling gas is easily radially discharged according to the rotation of the substrate 521. Therefore, it is possible to
prevent the cooling gas, which has cooled the substrate 521 to have heat, from stagnating around the substrate 521.
[0233] Each of the plurality of fins 525 has a shape warping to the opposite side of the rotating direction of the substrate
521 from the center side toward the outer side of the substrate 521. Consequently, it is possible to make it easy to radially
discharge a cooling gas having heat from the substrate 521.
[0234] Since a cooling gas circulates in the opposite direction of the rotating direction of the substrate 521, the fins
525 and the cooling gas collide to be opposed to each other. Consequently, it is possible to more efficiently cool the fins
525 with the cooling gas. Therefore, it is possible to more efficiently cool the substrate 521 and the phosphor.
[0235] The heat absorbing device 56 includes the heat pipes 562 functioning as the heat conduction members, one
ends of which are connected to the heat receiver 561 and the other ends of which are connected to the radiator 563.
The heat conduction members conduct heat conducted to the heat receiver 561 to the radiator 563 located on the outside
of the housing 51. Consequently, the heat conducted to the heat receiver 561 can be surely conducted to the outside
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of the housing 51 by the heat pipes 562. Therefore, it is possible to surely lower the temperature of a cooling gas inside
the housing 51. Therefore, it is possible to more effectively cool the substrate 521, to which the cooling gas is circulated,
and the phosphor.
[0236] In order to enlarge a contact area of the heat pipes 562 disposed in the second channel FP2 with the heat
receiver 561 to be larger than a contact area of the heat pipes 562 disposed in the first channel FP1 with the heat receiver
561, the number of the heat pipes 5622 functioning as the second conduction members disposed in the second channel
FP2 is larger than the number of the heat pipes 5621 functioning as the first heat conduction members disposed in the
first channel FP1. Consequently, it is possible to more efficiently conduct heat conducted in the second channel FP2,
in which a cooling gas having a relatively high temperature circulates, to the outside of the housing 51 than heat conducted
in the first channel FP1, in which a cooling gas having a relatively low temperature circulates. Therefore, it is possible
to efficiently conduct heat conducted to the heat receiver 561 to the outside of the housing 51 with a small number of
the heat pipes 562. It is possible to efficiently cool a cooling gas with the heat receiver 561. Therefore, it is possible to
circulate a cooling gas having a lower temperature to the substrate 521. It is possible to more possible to efficiently cool
the phosphor.

[Second Embodiment]

[0237] A second embodiment of the present invention is explained.
[0238] A projector 1a according to this embodiment includes the same components as the components of the projector
1. However, the projector 1a includes, instead of the heat receiver 561, a heat receiver 561a including a segmenting
section that segments the first channel FP1 and the second channel FP2. The projector 1a according to this embodiment
is different from the projector 1 in this respect. Note that, in the following explanation, the same or substantially the same
portions as the portions explained above are denoted by the same reference numerals and signs and explanation of the
portions is omitted.
[0239] Fig. 9 is a diagram showing a cross section taken along the YZ plane of a wavelength conversion device 5a
included in the projector 1a according to this embodiment.
[0240] The projector 1a according to this embodiment has the same components and the same functions as the
components and the functions of the projector 1 except that the projector 1a includes the wavelength conversion device
5a instead of the wavelength conversion device 5. This wavelength conversion device 5a has the same components
and the same functions as the components and the functions of the wavelength conversion device 5 except that the
wavelength conversion device 5a includes a heat absorbing device 56a instead of the heat absorbing device 56. Further,
the heat absorbing device 56a has the same components and the same functions as the components and the functions
of the heat absorbing device 56 except that the heat absorbing device 56a includes the heat receiver 561a instead of
the heat receiver 561.
[0241] Like the heat receiver 561, the heat receiver 561a is formed by the plurality of fins 5611 which are each a
tabular body made of metal. The first channel FP1 and the second channel FP2 are formed on the inside of the heat
receiver 561a. As a difference from the heat receiver 561, this heat receiver 561a includes, on the inside, a segmenting
section 5612 that partitions the first channel FP1 and the second channel FP2.
[0242] This segmenting section 5612 is connected to the end edge of the opening section 5132 of the first partition
wall 513 at an end portion on the +Y direction side in the heat receiver 561a. The segmenting section 5612 bends from
the end portion on the +Y direction side to pass between the heat pipe 562 provided on the first channel FP1 and two
heat pipes 562 provided on the second channel FP2 and extends to an end portion on the +Z direction side in the heat
receiver 561a.
[0243] With such a segmenting section 5612, it is possible to prevent a cooling gas having a relatively high temperature
circulating in the second channel FP2 from circulating to the first channel FP1 side in which the number of the set heat
pipes 562 is small. Therefore, it is possible to prevent heat exceeding a heat quantity conductible to the radiator 563 by
the heat pipes 562 from being conducted to a region on the first channel FP1 side of the heat receiver 561a. It is possible
to efficiently conduct the heat conducted to the heat receiver 561a to the radiator 563.
[0244] When a suction force by the circulating device 55 is high, a cooling gas that has cooled the wavelength conversion
element 52 flows into the heat receiver and, immediately thereafter, circulates in the +Z direction to be absorbed by the
circulating device 55. It is likely that heat cannot be sufficiently received from the cooling gas. On the other hand, since
a cooling gas can be circulated along the segmenting section 5612, as a channel length in which the cooling gas circulates
inside the heat receiver 561a, it is possible to make it easy to secure a channel length in which heat can be sufficiently
received from the cooling gas. Therefore, it is possible to surely cool the cooling gas. It is possible to improve cooling
efficiency of the wavelength conversion element 52.
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[Effects of the second embodiment]

[0245] With the projector according to this embodiment explained above, it is possible to achieve the same effects as
the effects of the projector 1. Besides, it is possible to achieve effects explained blow.
[0246] The heat receiver 561a includes the segmenting section 5612 that is connected to the end edge of the opening
section 5132 in the first partitioning wall 513 and separates the first channel FP1 and the second channel FP2. Conse-
quently, it is possible to prevent a cooling gas circulating in the second channel FP2 from circulating in the first channel
FP1 having a short channel length. Therefore, a cooling gas that has cooled the wavelength conversion element 52 (the
substrate 521) circulates in the heat receiver 561a in a relatively long distance and for a relatively long time. Therefore,
it is possible to sufficiently receive heat from the cooling gas. It is possible to more surely cool the cooling gas.

[Third Embodiment]

[0247] A third embodiment of the present invention is explained below with reference to the drawings.
[0248] A projector 1b according to this embodiment includes the same components as the components of the projector
1. However, the projector 1b includes, instead of the wavelength conversion device 5, a wavelength conversion device
5b in which an arcuate slope 51D1 is formed. The projector 1b according to this embodiment is mainly different from
the projector 1 in this respect. Note that, in the following explanation, the same or substantially the same portions as the
portions explained above in the first embodiment are denoted by the same reference numerals and signs and explanation
of the portions is omitted.

[Schematic configuration of the projector]

[0249] The projector 1b according to this embodiment has the same components and the same functions as the
components and the functions of the projector 1 except that the projector 1b includes the wavelength conversion device
5b instead of the wavelength conversion device 5.
[0250] The configuration of the wavelength conversion device 5b included in the projector 1b is explained below.

[Configuration of the wavelength conversion device]

[0251] Fig. 10 is a sectional view showing the wavelength conversion device 5b included in the projector 1b according
to this embodiment. Further, Fig. 11 is a sectional view taken along an A-A line of the wavelength conversion device 5b
in Fig. 10. Fig. 12 is a sectional view taken along a B-B line of the wavelength conversion device 5b in Fig. 10.
[0252] As shown in Fig. 10 to Fig. 12, the wavelength conversion device 5b includes a housing 51b.
[0253] In the following explanation, a traveling direction of the excitation light with respect to the wavelength conversion
device 5b is represented as a +Z direction. Directions respectively orthogonal to the +Z direction and orthogonal to each
other are represented as a +X direction and a +Y direction. Among these directions, the +X direction is set as a direction
in which the radiator 563 is located with respect to the housing 51b. The +Y direction is set as a direction orthogonal to
each of the +Z direction and the +X direction and directed toward the wavelength conversion element 52 from the
circulating device 55 and the heat receiver 561 when viewed from the +Z direction side. For convenience of explanation,
the opposite direction of the +Z direction is represented as a -Z direction. The same applies to a -X direction and a -Y
direction.
[0254] Note that, in this embodiment, the wavelength conversion element 52 is rotated around a rotation axis extending
along the +Z direction by the rotating device 53 explained below. Therefore, the +Z direction is equivalent to the first
direction of the present invention. When the wavelength conversion element 52 is viewed from the +Z direction side and
the +Y direction orthogonal to the +Z direction is viewed as a 12 o’clock direction, the +X direction is a 9 o’clock direction.
Therefore, the +Y direction is equivalent to the second direction of the present invention. The +X direction is equivalent
to the third direction of the present invention.

[External configuration of the housing]

[0255] The housing 51b has the same components and the same functions as the components and the functions of
the housing 51 except that the housing 51b includes a side surface section 51Db instead of the side surface section 51D.
[0256] In the housing 51b in this embodiment, the side surface section 51A is equivalent to the first side surface
section. The side surface sections 51C, 51Db, and 51E crossing the side surface section 51A are equivalent to the
second side surface section.
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[Internal configuration of the housing]

[0257] The housing 51b includes, as shown in Fig. 10, on the inside, the first partition wall 513, the second partition
wall 514, and the third partition wall 515 that segment the housing space S to form the spaces S1 to S4.
[0258] The first partition wall 513 is formed along the XY plane in a position apart from the side surface section 51A
by a predetermined space on the inside of the housing 51b to be connected to the inner surfaces of the side surface
sections 51C, 51Db, 51E, and 51F. In the space S3 (a second space) surrounded by the first partition wall 513 and the
inner surfaces of the side surface sections 51A, 51C, 51Db, 51E, and 51F, the wavelength conversion element 52 and
a part on the -Z direction side in the rotating device 53 are disposed in positions on the +Y direction side. A part on the
-Z direction side in the heat receiver 561 is disposed in a position on the -Y direction side.
[0259] That is, the first partition wall 513 is disposed to be opposed to the side surface section 51A across the wavelength
conversion element 52 and is connected to the inner surfaces of the side surface sections 51C, 51Db, 51E, and 51F.
[0260] As shown in Fig. 11 and Fig. 12, the arcuate section 516 centering on a center C2 located in the +X direction
from a center C1 of the wavelength conversion element 52 (the center C1 of the substantially circular substrate 521)
when viewed from the +Z direction side is formed by the inner surfaces of the side surface sections 51C, 51Db, and
51E. That is, the side surface sections 51C, 51Db, and 51E surrounding the wavelength conversion element 52 include
the arcuate section 516 centering on the center C2. The space S2 is formed by the inner surfaces of these side surface
sections 51C, 51Db, and 51E, the surface on the +Y direction side in the second partition wall 514, and the inner surface
of the side surface section 51B. Therefore, the space S2 is a space having a shape obtained by combining a circle and
a rectangle when viewed from the +Z direction side.
[0261] Note that a region on the +Y direction side on the inner surface of the side surface section 51C is a flat surface
extending along the YZ plane and is substantially orthogonal to the second partition wall 514. A region on the +Y direction
side on the inner surface of the side surface section 51Db opposed to the side surface section 51C is also a flat surface
extending along the YZ plane. However, on the inner surface, the slope 51D1 having an arcuate shape connected to a
surface on the +Y direction side of the second partition wall 514 is formed. The slope 51D1 extends along the circum-
ferential direction of the wavelength conversion element 52 (the substrate 521). However, the slope 51D1 is formed
spaced apart from the wavelength conversion element 52. A cooling gas that has cooled the wavelength conversion
element 52 (the substrate 521) is easily discharged from a region where the wavelength conversion element 52 and the
side surface sections 51Db and 51E are closest to each other.

[Configuration of the wavelength conversion element]

[0262] The wavelength conversion element 52 has the same components and the same functions as the components
and the functions in the first embodiment. The surface 521A of the substrate 521 is equivalent to the second surface of
the present invention. The surface 521B on the opposite side of the surface 521A is equivalent to the first surface of the
present invention.

[Configuration of the rotating device]

[0263] The rotating device 53 is configured by, for example, a motor that rotates the rotating device 53 around the
rotation axis RA passing the center C1 of the wavelength conversion element 52 and extending along the +Z direction
as shown in Fig. 10 to Fig. 12.

[Configuration of the attachment member]

[0264] One end of the attachment member 54 is connected to the rotating device 53 and the other end of the attachment
member 54 is fixed to the inner surface of the side surface section 51B on the +Z direction side in the housing 51b,
whereby the rotating device 53 is attached inside the housing 51b.

[Configuration of the circulating device]

[0265] The circulating device 55 is equivalent to the delivering device and the suction device of the present invention.
The circulating device 55 circulates a cooling gas inside the housing 51b and circulates the cooling gas to the wavelength
conversion element 52 (in detail, the plurality of fins 525). This circulating device 55 has the same components and the
same functions as the components and the functions in the first embodiment.
[0266] As shown in Fig. 11, the discharge section 553 (the discharge port 554) of the circulating device 55 is disposed
to be shifted in the +X direction with respect to the imaginary line VL passing the center C1 of the wavelength conversion
element 52 and extending along the +Y direction to cross the arcuate section 516.
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[Circulation channel of a cooling gas inside the housing]

[0267] Fig. 13 is a schematic diagram showing a circulation channel of a cooling gas inside the housing 51b.
[0268] As in the embodiments explained above, a cooling gas inside the housing 51b is circulated by the circulating
device 55. Note that a cooling gas that has cooled the wavelength conversion element 52 is radially discharged into the
space S3 from among the fins 525 centering on the center C1 when viewed from the +Z direction side according to the
rotation of the wavelength conversion element 52 by the rotating device 53 as indicated by the arrow F2.

[Flow of a cooling gas discharged to a space in which the wavelength conversion element is located]

[0269] Fig. 14 is a diagram of the space S3 viewed from the +Z direction side in a wavelength conversion device 5X
in a comparative example of the wavelength conversion device 5b.
[0270] In the wavelength conversion device 5X in the comparative example of the wavelength conversion device 5b
in this embodiment, a flow of a cooling gas that has cooled the wavelength conversion element 52 (the substrate 521)
is explained with reference to Fig. 14. Note that, in the following explanation, a cooling gas served for cooling of the
substrate 521 and discharged from the substrate 521 is abbreviated as post-cooling gas.
[0271] Although detailed illustration is omitted, the wavelength conversion device 5X has the same configuration as
the configuration of the wavelength conversion device 5b except that disposition positions of the wavelength conversion
element 52, the rotating device 53, and the attachment member 54 are different.
[0272] In this wavelength conversion device 5X, as shown in Fig. 14, the center C1 of the wavelength conversion
element 52 (the substrate 521) and the center C2 of an arc of the arcuate section 516 are located on the same imaginary
line VLY extending along the +Y direction. That is, the center C2 is located neither in the +X direction nor in the -X
direction with respect to the center C1 and is located on the -Y direction side with respect to the center C1. Note that a
radius r2 of an arc of the side surface section 51E is set larger than a radius r1 during the rotation of the substrate 521.
The substrate 521 is rotated in the D direction, which is a counterclockwise direction when viewed from the +Z direction
side.
[0273] In such a wavelength conversion device 5X, in the space S3, a first region AR1, which is a region between the
side surface sections 51E and 51C located on the +X direction side with respect to the center C1 and the substrate 521,
and a second region AR2, which is a region between the side surface sections 51E and 51Db located on the -X direction
side with respect to the center C1 and the substrate 521 have the same size. Specifically, a dimension L1 along an X
direction in the first region AR1 and a dimension L2 along the X direction in the second region AR2 are the same dimension.
[0274] Therefore, flow velocity of a post-cooling gas circulating in the first region AR1 along the -Y direction, which is
a sucking direction of the post-cooling gas by the circulating device 55, is higher than flow velocity of a post-cooling gas
circulating in the second region AR2. However, a post-cooling gas easily stagnates in a region AR3 (the region AR3 on
the +Y direction side with respect to the substrate 521) where the distance between the substrate 521 and the side
surface sections 51C, 51Db, and 51E is the shortest. A post-cooling gas less easily circulates in the -Y direction. When
a post-cooling gas in the region AR3, which is such a stagnation place, is not discharged, the substrate 521 is always
exposed to a post-cooling gas having a relatively high temperature. Cooling efficiency of the substrate 521 is deteriorated.
[0275] Fig. 15 is a diagram of the space S3 viewed from the +Z direction side in the wavelength conversion device 5b.
[0276] As opposed to the wavelength conversion device 5X explained above, in the wavelength conversion device
5b, as shown in Fig. 15, the radius r2 of the arc of the side surface section 51E is set larger than the radius r1 during
the rotation of the substrate 521.
[0277] The center C1 of the wavelength conversion element 52 (the substrate 521) and the center C2 of the arc of
the side surface section 51E are located on the same imaginary line VLX extending along the +X direction. That is, the
center C2 is located on the +X direction side with respect to the center C1. Therefore, at least a part of a region where
the substrate 521 and the side surface sections 51C, 51Db, and 51E surrounding the substrate 521 are closest to each
other overlaps the region AR2 located on the -X direction side with respect to the substrate 521.
[0278] In the space S3, the dimension L1 of the first region AR1 is a dimension larger than the dimension L2 of the
second region AR2. The first region AR1 is a region larger than the second region AR2. On the other hand, the second
region AR2 is a region opened to the -Y direction side. Further, the substrate 521 is rotated in the D direction, which is
a counterclockwise direction when viewed from the +Z direction side. The sucking direction of the post-cooling gas by
the circulating device 55 is the -Y direction. Therefore, flow velocity of the post-cooling gas circulating in the first region
AR1 is higher than flow velocity of the post-cooling gas circulating in the second region AR2.
[0279] Consequently, sizes and flow velocities of a circulating post-cooling gas are different in the first region AR1
and the second region AR2. Therefore, a post-cooling gas discharged to a region where the distance between the
substrate 521 and the side surface sections 51C, 51Db, and 51E is the closest easily circulates to one of the first region
AR1 and the second region AR2. In this embodiment, a post-cooling gas easily circulates to the second region AR side,
at least a part of which overlaps a place where the post-cooling gas easily stagnates and which is opened to the -Y
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direction side. Therefore, it is possible to prevent a stagnation place such as the region AR3 from occurring. It is possible
to reduce the stagnation place even when the stagnation place occurs. Consequently, it is possible to make it easy to
circulate a post-cooling gas from the first region AR1 and the second region AR2 to the -Y direction side. It is possible
to quickly discharge the post-cooling gas. Therefore, it is possible to improve cooling efficiency of the substrate 521 and
the phosphor layer 522 while achieving a reduction in the size of the housing 51b.

[Effects of the embodiment]

[0280] With the projector 1b according to this embodiment explained above, there are effects explained below.
[0281] The radius r2 of the arc of the arcuate section 516 of the side surface sections 51C, 51Db, and 51E is set larger
than the radius r1 during the rotation of the substrate 521 of the wavelength conversion element 52. The center C2 of
the arc of the arcuate section 516 is located on the +X direction side with respect to the center C1 of the substrate 521
of the wavelength conversion element 52. Consequently, as explained above, it is possible to prevent the post-cooling
gas from stagnating between the substrate 521 and the side surface sections 51C, 51Db, and 51E. Therefore, it is
possible to improve cooling efficiency of the substrate 521 and the phosphor of the phosphor layer 522 while forming
the side surface sections 51C, 51Db, and 51E along the circumferential direction of the rotated substrate 521 and
achieving a reduction in the size of the housing 51b.
[0282] The housing 51b includes the first partition wall 513 opposed to the side surface section 51A across the substrate
521 and connected to the side surface sections 51C, 51Db, and 51E. The first partition wall 513 includes the opening
section 5131 for circulating a cooling gas to the surface 521B of the substrate 521 on which the fins 525 are formed. An
opening shape of this opening section 5131 substantially coincides with the rotation range of the substrate 521. Con-
sequently, it is possible to prevent the air, which has cooled the substrate 521 and is radially discharged, from being
sucked according to the rotation of the substrate 521 and circulated to the surface 521B side again while keeping heat.
Therefore, since it is possible to prevent a cooling gas having heat from circulating to the substrate 521, it is possible to
efficiently cool the substrate 521 and the phosphor of the phosphor layer 522.
[0283] Since the substrate 521 includes the plurality of fins 525, compared with when the plurality of fins 525 are
absent, it is possible to increase a contact area with a cooling gas on the substrate 521. Therefore, it is possible to
efficiently conduct heat of the substrate 521 to the cooling gas. It is possible to further improve the cooling efficiency of
the substrate 521.
[0284] Each of the plurality of fins 525 has a shape warping to the opposite side of the rotating direction of the substrate
521 from the center side toward the outer side of the substrate 521. Consequently, it is possible to make it easy to radially
discharge a cooling gas having heat from the substrate 521.
[0285] Note that a cooling gas circulates in the opposite direction of the rotating direction of the substrate 521. Therefore,
for example, in the parts 521C and 521D, the cooling gas collides with the fins 525 to be opposed to the fins 525.
Consequently, it is possible to efficiently cool the fins 525 with the cooling gas. Therefore, it is possible to more efficiently
cool the substrate 521 and the phosphor.
[0286] Since the housing 51b is the sealed housing, it is possible to prevent dust from intruding into the housing 51b.
Therefore, it is possible to prevent deterioration in use efficiency of excitation light emitted from the light source section
41. Besides, it is possible to configure the wavelength conversion device 5b having high reliability.
[0287] The heat receiver 561 provided in the housing 51b receives heat from a cooling gas that has cooled the substrate
521. Therefore, it is possible to lower the temperature of the cooling gas inside the housing 51b, which is the sealed
housing. It is possible to lower the temperature of the cooling gas circulated to the substrate 521. Therefore, it is possible
to further improve the cooling efficiency of the substrate 521.
[0288] The circulating device 55 functioning as a heat absorbing device as well is located on the -Y direction side with
respect to the substrate 521 when viewed from the +Z direction side. The circulating device 55 sucks a post-cooling gas
discharged according to the rotation of the substrate 521. Consequently, it is possible to specify a circulating direction
of the post-cooling gas discharged from the substrate 521 and circulating in the space S3 in the -Y direction. Therefore,
it is possible to make it easy to circulate the post-cooling gas from the first region AR1 and the second region AR2 in
the -Y direction. Since the post-cooling gas can be quickly discharged, it is possible to more suitably achieve the effects
explained above.
[0289] The circulating device 55 has not only a function of the delivering device but also a function of the suction
device. Therefore, it is possible to circulate a cooling gas inside the housing 51b without increasing the number of
components. It is possible to suitably achieve the effects explained above.

[Modifications of the embodiments]

[0290] The present invention is not limited to the embodiments. Modifications, improvements, and the like in a range
in which the object of the present invention can be achieved are included in the present invention.
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[0291] The wavelength conversion devices 5, 5a, and 5b include the reflection layer 523 that causes the second pickup
lens 49 to reflect fluorescent light generated in the phosphor layer 522 according to incidence of excitation light from the
second pickup lens 49. That is, the wavelength conversion devices 5, 5a, and 5b are wavelength conversion devices of
a reflection type that reflect fluorescent light generated by incidence of excitation light. On the other hand, the wavelength
conversion devices 5, 5a, and 5b may be configured as wavelength conversion elements of a transmission type in which
generated fluorescent light is emitted along a traveling direction of excitation light made incident on the wavelength
conversion element 52.
[0292] In this case, for example, instead of the reflection layer 523, a wavelength-selective reflection layer that transmits
excitation light and reflects fluorescent light is disposed on an incident side of the excitation light with respect to the
phosphor layer 522. The substrate 521 is formed as a light transmissive substrate. Besides, the fins 525 are not provided
in a part corresponding to an incident position of the excitation light on the surface 521B. Further, an opening section,
from which generated fluorescent light is emitted, is formed in the side surface section 51B on the +Z direction side.
Consequently, the wavelength conversion device of the transmission type can be configured. Note that, in such a
wavelength conversion device, sealability of the housings 51 and 51b is kept by closing the opening section of the side
surface section 51B, from which the fluorescent light is emitted, with a translucent member. Note that the phosphor layer
522 may be located on the surface 521B on which the fins 525 are located.
[0293] In the wavelength conversion device 5, 5a, and 5b, the rotating device 53 that rotates the wavelength conversion
element 52 (the substrate 521) is housed in the housings 51 and 51b. On the other hand, for example, a motor main
body of the motor configuring the rotating device 53 may be disposed outside the housings 51 and 51b. A spindle
extended from the motor main body and connected to the connecting section 524 of the substrate 521 may be disposed
inside the housings 51 and 51b.
[0294] The circulating device 55 is configured by the sirocco fan disposed in the spaces S1 and S2. The circulating
device 55 sucks a cooling gas circulating to the heat receiver 561 located in the space S4 and circulates the cooling gas
to the wavelength conversion element 52 (the substrate 521) located in the space S3. However, a disposition position
of the circulating device 55 may be anywhere in the housings 51 and 51b and may be, for example, inside the space S2.
[0295] The circulating device 55 does not have to be the sirocco fan. The circulating device 55 may include other
delivering means such as an axial flow fan as long as the circulating device 55 can circulate a cooling gas to the
wavelength conversion element 52 (the substrate 521).
[0296] Further, the circulating device 55 functions as the delivering device and the suction device. However, the
delivering device and the suction device may be individually provided.
[0297] The housings 51 and 51b include the partition walls 513 to 515 that segment the housing space S in the housings
51 and 51b into the spaces S1 to S4. However, the second partition wall 514 and the third partition wall 515 may be
absent. In this case, in a circulating direction of a cooling gas, a space from the circulating device 55 to the wavelength
conversion element 52 is the first space. A space from the wavelength conversion element 52 to the circulating device
55 is the second space. When the housings 51 and 51b include the third partition wall 515 and an end edge on the +Y
direction side in the heat receiver 561 and end edges on the +X direction side and the -X direction side in the heat
receiver 561 are in contact with the first partition wall 513, the first partition wall 513 does not have to be connected to
the inner surface of the side surface section 51F. Further, the first partition wall 513 may be absent as long as a cooling
gas circulating to the wavelength conversion element 52 (the substrate 521) and a cooling gas discharged from the
wavelength conversion element 52 do not collide.
[0298] In addition, the housings 51 and 51b are the sealed housings. However, the housings 51 and 51b do not have
to be the sealed housings.
[0299] The opening shape of the opening section 5131 included in the first partition wall 513 substantially coincides
with the rotation range of the substrate 521. That is, the center of the opening section 5131 substantially coincides with
the center C or the center C1 of the substrate 521 when viewed from the +Z direction side and the inner diameter
dimension of the opening section 5131 substantially coincides with the diameter dimension during the rotation of the
substrate 521. However, the inner diameter dimension of the opening section 5131 may be smaller than the diameter
dimension during the rotation of the substrate 521. The center of the opening section 5131 and the center C or the center
C1 of the substrate 521 may be shifted. Further, the size of the opening surface of the opening section 5131 (the area
of an imaginary surface surrounded by the end edges of the opening sections 5131) may be smaller than or may be
larger than the rotation range of the substrate 521. For example, the inner diameter dimension of the opening section
5131 may be larger than the diameter dimension during the rotation of the substrate 521 as long as a cooling gas that
has cooled the substrate 521 does not circulate to the surface 521B side again from a gap between the end edge of the
opening section 5131 and the substrate 521.
[0300] In the substrate 521, the plurality of fins 525 extending from the center side toward the outer side of the substrate
521 are disposed on the surface 521B to which a cooling gas is circulated by the circulating device 55. On the other
hand, such fins 525 may be absent as long as the gas, which has cooled the substrate 521, can be radially discharged.
The shape of the fins 525 does not have to be the shape warping in the opposite direction of the rotating direction of the



EP 3 364 245 A1

26

5

10

15

20

25

30

35

40

45

50

55

substrate 521 (the D direction) toward the outer side. For example, the fins 525 may linearly extend from the center side
toward the outer side.
[0301] Inside the housings 51 and 51b, the heat receiver 561, which receives heat from a circulating cooling gas, is
disposed in the space S4. Heat conducted to the heat receiver 561 is conducted to the radiator 563 disposed outside
the housings 51 and 51b by the heat pipes 562 functioning as the heat conduction members. Such a heat receiver 561
may be disposed in other positions and may be disposed, for example, inside the space S3. Further, the number of the
heat pipes 562 adopted as the heat conduction members can be changed as appropriate. The same number of the heat
pipes 562 may be disposed in the first channel FP1 and the second channel FP2. A large number of the heat pipes 562
may be disposed in the first channel FP1. In addition, Peltier elements (thermoelectric elements) may be adopted instead
of the heat pipes 562.
[0302] The heat receiver 561 includes the first channel FP1 in which a cooling gas inside the space S2 circulates and
the second channel FP2 in which a cooling gas that has cooled the wavelength conversion element 52 circulates from
the space S3. However, the heat receiver 561 is not limited to this. The first channel FP1 may be absent.
[0303] In the wavelength conversion devices 5, 5a, and 5b, the number of the heat pipes 5622 is set larger than the
number of the heat pipes 5621 in order to set the contact area of the heat pipes 5622 functioning as the second heat
conduction members disposed in the second channel FP2 with the heat receiver 561 larger than the contact area of the
heat pipes 5621 functioning as the first heat conduction members disposed in the first channel FP1 with the heat receiver
561. On the other hand, the contact areas with the heat receiver 561 may be adjusted by setting the radial dimension
of the heat pipes 5622 larger than the radial dimension of the heat pipes 5621.
[0304] When the Peltier element is adopted as the heat conduction member, a contact area of the Peltier element
disposed in the second channel FP2 with the heat receiver 561 may be set larger than a contact area of the Peltier
element disposed in the first channel FP1 with the heat receiver 561.
[0305] The wavelength conversion devices 5 and 5b include the heat absorbing device 56 that lowers the temperature
of the cooling gas circulating inside the housings 51 and 51b. The heat absorbing device 56 includes the heat receiver
561, the heat pipes 562, the radiator 563, and the cooling fan 564. The wavelength conversion device 5a includes the
heat absorbing device 56a that lowers the temperature of a cooling gas circulating inside the housing 51. The heat
absorbing device 56a includes the heat receiver 561a, the heat pipes 562, the radiator 563, and the cooling fan 564.
The configuration of such heat absorbing devices 56 and 56a may be other configurations. Further, the heat absorbing
devices 56 and 56a may be absent as long as it is possible to continue to supply a cooling gas having a relatively low
temperature to the wavelength conversion element 52.
[0306] A cooling gas that cools the wavelength conversion element 52 circulates along the surface 521B of the substrate
521 in the opposite direction of the rotating direction of the substrate 521. On the other hand, when a wavelength
conversion device includes the first partition wall 513 that partitions a cooling gas circulating to the substrate 521 and a
cooling gas that has cooled the substrate 521, a circulating direction of a cooling gas circulating to the substrate 521
may be any direction.
[0307] Like the first partition wall 513, the wavelength conversion element 52 may include an opening section for
leading the cooling gas to the substrate 521 and may include a partition wall that prevents a gas that has circulated from
the rotating device 53 side and has cooled the substrate 521 from circulating to the rotating device 53 side again according
to the rotation of the substrate 521
[0308] In the first and second embodiments, the housing 51 includes the circular arcuate section 516 having the circular
shape located on the outer side of the wavelength conversion element 52 and centering on the center C of the wavelength
conversion element 52 when the wavelength conversion element 52 is viewed from the +Z direction side along the
rotation axis RA. This arcuate section 516 has the function of assisting circulation of a cooling gas along the circumferential
direction of the wavelength conversion element 52 during the rotation. However, such an arcuate section 516 may be
absent. The arcuate section 516 does not have to be formed in the circular shape and may be formed in an arcuate
shape such as a semicircular shape or a quarter circular shape.
[0309] In the third embodiment, the housing 51b includes the semicircular arcuate section 516 located on the outer
side of the wavelength conversion element 52 and centering on the center C2 located in the +X direction from the center
C1 of the wavelength conversion element 52 when the wavelength conversion element 52 is viewed from the +Z direction
side along the rotation axis RA. This arcuate section 516 has the function of assisting circulation of a cooling gas along
the circumferential direction of the wavelength conversion element 52 during the rotation. However, the shape of the
arcuate section 516 does not have to be the semicircular shape. The arcuate section 516 may be formed in an arcuate
shape such as a quarter circular shape.
[0310] The discharge port 554 of the circulating device 55 is disposed to be shifted to the +X direction side with respect
to the imaginary line VL. On the other hand, the discharge port 554 may be shifted to the -X direction side with respect
to the imaginary line VL. In this case, the rotating direction of the wavelength conversion element 52 only has to be set
in the opposite direction of the D direction. The discharge port 554 may be disposed on the imaginary line VL. A discharging
direction of a cooling gas by the discharge port 554 may be tilted to be shifted to the +X direction side toward the +Y
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direction, which is a direction directed to the wavelength conversion element 52. Note that, when the rotating direction
of the wavelength conversion element 52 is the opposite direction of the D direction and the discharge port 554 is located
on the imaginary line VL, the discharging direction of the cooling gas by the discharge port 554 may be tilted to be shifted
to the -X direction side toward the +Y direction.
[0311] The attachment member 54 that attaches the rotating device 53 to the housings 51 and 51b is formed in the
cylindrical shape and is disposed on the inner side of the region where the plurality of fins 525 are formed on the substrate
521 when viewed from the +Z direction side. However, as explained above, the shape of the attachment member 54
may be a prism shape or may be other shapes. A fixing position of the attachment member 54 to the housings 51 and
51b is not limited to the inner surface of the side surface section 51B and may be the inner surface of any one of the
side surface sections 51C to 51E, may be the inner surface of any one of the side surface sections 51C, 51Db, and 51E,
or may be the second partition wall 514. That is, the position of the attachment member 54 when viewed from the +Z
direction side is not limited to the inner side of the region where the plurality of fins 525 are formed on the substrate 521.
The attachment member 54 may be disposed to such that a part of the attachment member 54 covers the fins 525.
[0312] The projectors 1, 1a, and 1b each include the three image forming devices 34 (34R, 34G, and 34B) including
the liquid crystal panels functioning as the light modulating devices. However, the present invention is also applicable
to a projector including two or less or four or more image forming devices.
[0313] In the image forming device 34, the liquid crystal panel of the transmission type, the light beam incident surface
and the light beam emission surface of which are different, is used as the light modulating device. However, a liquid
crystal panel of a reflection type, a light incident surface and a light emission surface of which are the same, may be
used. Besides, a light modulating device other than liquid crystal such as a device in which a micro-mirror is used, for
example, a device in which a DMD (Digital Micromirror Device) is used may be used as long as the light modulating
device is capable of modulating an incident light beam and forming an image corresponding to image information.
[0314] As the optical unit 3, the configuration including the optical components and the disposition shown in Fig. 2
and Fig. 3 is illustrated. However, the optical unit 3 is not limited to this. Other configurations and disposition may be
adopted.
[0315] For example, in the illumination device 31, a part of the excitation light emitted from the light source section 41
is separated by the first phase difference plate 44 and the polarization separation device 45. The part of the excitation
light is combined with the fluorescent light as the blue light to generate the illumination light WL. On the other hand,
rather than separating a part of the excitation light emitted from the light source section 41 and using the part of the
excitation light as the blue light, another light source section that emits blue light may be adopted in addition to the light
source section 41. In this case, fluorescent light generated by excitation light emitted from the light source section 41
and the blue light emitted from the other light source section may be combined to generate the illumination light WL.
The green light LG and the red light LR separated from the fluorescent light may be respectively made incident on the
image forming devices 34G and 34R. The blue light emitted from the other light source may be made incident on the
image forming device 34B.
[0316] In the third embodiment, the center C2 of the arc of the arcuate section 516 formed by the side surface sections
51C, 51Db, and 51E is shifted to the +X direction side with respect to the center C1 of the wavelength conversion element
52 (the substrate 521). In other words, the wavelength conversion element 52 (the substrate 521) is disposed in the
space S3 surrounded by the side surface sections 51C, 51Db, and 51E such that the center C1 is shifted to the -X
direction side with respect to the center C2. However, the center C2 may be shifted to the -X direction side with respect
to the center C1. Further, the center C2 may be shifted to either one of the +Y direction side and the -Y direction side
with respect to the center C1.
[0317] The wavelength conversion devices 5, 5a, and 5b and the illumination device 31 in the embodiments are
respectively applied to the projectors 1, 1a, and 1b. However, these wavelength conversion devices 5, 5a, and 5b and
the illumination device 31 can also be applied to, for example, a lighting fixture and a light source device of an automobile.

Reference Signs List

[0318]

1 projector
31 illumination device
34 (34B, 34G, 34R) image forming device
36 projection optical device
41 light source section
5, 5a, 5b wavelength conversion device
51, 51b housing
51A, 51B, 51C, 51D, 51Db, 51E, 51F side surface section



EP 3 364 245 A1

28

5

10

15

20

25

30

35

40

45

50

55

513 first partition wall (partition wall)
5131,5132 opening section
514 second partition wall
5141,5142 opening section
515 third partition wall
5151 opening section
52 wavelength conversion element
521 substrate
521B surface
522 phosphor layer
523 reflection layer
524 connecting section
525 fin
53 rotating device
54 attachment member
55 circulating device
56 heat absorbing device
561, 561a heat receiver
5612 segmenting section
562 heat pipe (heat conduction member)
5621 heat pipe (first heat conduction member)
5622 heat pipe (second heat conduction member)
FP1 first channel
FP2 second channel
RA rotation axis
S housing space
S1, S2, S3, S4 space

Claims

1. A wavelength conversion device comprising:

a substrate including a phosphor layer in which a phosphor is included;
a rotating device configured to rotate the substrate;
a circulating device that circulates a cooling gas to the substrate; and
a housing configured to house the substrate and the circulating device, wherein
the housing includes a partition wall configured to separate a first space in which the cooling gas is circulated
to the substrate by the circulating device and a second space in which the cooling gas radially delivered from
the substrate according to the rotation of the substrate circulates.

2. The wavelength conversion device according to claim 1, wherein
the partition wall includes an opening section for circulating the cooling gas to the substrate, and
an opening shape of the opening section substantially coincides with a rotation range of the substrate.

3. The wavelength conversion device according to claim 1 or 2, wherein the substrate includes, on a surface against
which the cooling gas is blown, a plurality of fins extending from a center side toward an outer side of the substrate.

4.  A wavelength conversion device comprising:

a substrate including a phosphor layer in which a phosphor is included;
a rotating device configured to rotate the substrate;
a circulating device configured to circulate a cooling gas to the substrate; and
a housing configured to house the substrate and the circulating device, wherein
when the substrate is viewed along a rotation axis of the substrate, in a part in a circumferential direction of the
substrate, the cooling gas circulated by the circulating device circulates in an opposite direction of a rotating
direction of the substrate in the part.
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5. The wavelength conversion device according to claim 4, wherein, when the substrate is viewed along the rotation
axis, the housing includes an arcuate section located on an outer side of the substrate and extending along a
circumferential direction during the rotation of the substrate.

6. The wavelength conversion device according to claim 5, wherein
the circulating device includes a discharge port for discharging the cooling gas, and
when the substrate is viewed along the rotation axis, the discharge port is disposed to be shifted with respect to an
imaginary line that passes a center of the substrate and crosses the arcuate section.

7. A wavelength conversion device comprising:

a substrate configured to rotate around a rotation axis extending along a first direction;
a plurality of fins located on a first surface, which is one surface on the substrate, and extending from a center
side toward an outer side of the substrate;
a phosphor layer located in either one of the first surface and a second surface on an opposite side of the first
surface;
a rotating device configured to rotate the substrate;
a delivering device configured to deliver the cooling gas to the first surface; and
a housing in which the substrate is disposed on an inner side, wherein
the housing includes:

a first side surface section opposed to the second surface; and
a second side surface section that crosses the first side surface section and includes an arcuate section
extending along a circumferential direction during the rotation of the substrate disposed on the inner side
when viewed along the first direction,

a radius of an arc of the arcuate section is set larger than a radius during the rotation of the substrate,
when a 12 o’clock direction among radial directions during the rotation of the substrate viewed from the first
direction side is set as a second direction and either one of a 3 o’clock direction and a 9 o’clock direction viewed
from the first direction side is set as a third direction, a center of the arc of the arcuate section is located on the
third direction side with respect to the rotation axis, and
the substrate is rotated counterclockwise by the rotating device when viewed from the first direction side.

8. The wavelength conversion device according to claim 7, wherein
the housing includes a partition wall opposed to the first side surface section across the substrate and connected
to the second side surface, and
the partition wall includes an opening section for circulating the cooling gas to the first surface.

9. An illumination device comprising:

the wavelength conversion device according to any one of claims 1 to 8; and
a light source section configured to emit light made incident on the wavelength conversion device.

10. A projector comprising:

the illumination device according to claim 9;
an image forming device configured to form an image using light emitted from the illumination device; and
a projection optical device configured to project the formed image.
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