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TITLE OF THE INVENTION
LIGHT IRRADIATION DEVICE AND IMAGE DISPLAY
APPARATUS EQUIPPED WITH THE SAME

BACKGROUND OF THE INVENTION
1. Field of the Invention

0001

The disclosures herein generally relate to
a light irradiation device for irradiating laser
light from a laser light source or light based on the
laser light to the outside from a light output unit

and an image display apparatus equipped with the same.

2. Description of the Related Art
0002

A light irradiation device irradiating
laser light or light based on the laser light to the
outside from a light output unit is used for an image
display apparatus such as a projector for projecting
an image of a screen of a personal computer, a video
image, or further, image data stored in a memory card
or the like. The projector generally collects light
emitted from a light irradiation device at an image
formation member such as a micro mirror display
element known as a digital micro-mirror device (DMD)
or a liquid crystal plate, and displays an image on a
screen. Conventionally, light irradiation devices
each having high-intensity discharge lamps serving as
light sources were mainly used for such projectors.
However, recently, a projector using a laser light
source such as a laser diode (LD) emitting laser
light for a light source has been proposed (for

example, Patent Document 1).
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0003

Regarding light irradiation devices
equipped with laser light sources, in IEC 60825, that
is the international standard of the International
Electrotechnical Commission (IEC) or in JIS
C6802:2005 that is the Japanese standard, laser
products are classified, and guidelines to be
followed by a manufacturer or a user are established
for each class so as to enhance the safety of the
laser products.
0004

In a light irradiation device equipped with
a laser light source, generally, a light diffusion
member for diffusing laser light is provided on an
optical path of laser light in order to prevent laser
light emitted from a laser light source being
directly irradiated to the outside. Then, light
based on the laser light emitted from the laser light
source is irradiated to the outside from a light
output unit via an output optical path or two or more
output optical paths including an optical path,
through which diffusion light converted by the light
diffusion member passes. As a result of laser light
passing through the light diffusion member to be
converted into diffusion light and emitted, safety is
confirmed to be ensured even if the laser light
source emits laser light with high intensity.
[Citation List]
[Patent Literature]
0005
[PTL 1] Japanese Unexamined Patent Application
Publication No. 2013-195838
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SUMMARY OF THE INVENTION
[Technical Problem]
0006

In most of the conventional light
irradiation devices, the light diffusion member
provided on an optical path of a laser light is light
transmissive. 1In such a light irradiation device,
for example, on an occurrence of an event that the
light irradiation device falls and is severely
damaged or the like, and that the light diffusion
member falls or is broken, laser light from the laser
light source may pass a light diffusion position
according to the light diffusicn member in a non-
diffused state. 1In this case, a problem occurs that
laser light emitted from the laser light source can
be directly irradiated to the outside.

0007

The present invention is made in
consideration of the above-described problem, and an
object is to provide a light irradiation device, in
which even when a light diffusion member provided on
an optical path of laser light falls or is broken and
laser light passes a light diffusion position
according to the light diffusion member in a non-
diffused state, laser light can be prevented from
being directly irradiated to the outside from the
light output unit, and an image display apparatus

equipped with the same.

[Solution to Problem)
0008
According to an aspect of the present

invention, a light irradiation device includes a
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laser light source configured to emit laser light;
and a light diffusion member configured to convert
the laser light into diffusion light. Light based on
the laser light is emitted to an outside from a light
output unit via an output optical path or two or more
output optical paths including an optical path which
the diffusion light passes through. The light
diffusion member includes a diffusion optical path
changing member configured to convert the laser light
into the diffusion light and change an optical path.
The output optical path does not include an optical
path in which laser light emitted toward the
diffusion optical path changing member goes straight
at a light diffusion position according to the
diffusion optical path changing member to go toward
the light output unit.
[Advantageous effect of Invention]
0009

According to the present invention, even
when a light diffusion member provided on an optical
path of laser light falls or is broken and laser
light passes a light diffusion position according to
the light diffusion member in a non-diffused state,
laser light can be prevented from being directly

irradiated to the outside from the light output unit.

BRIEF DESCRIPTION OF THE DRAWINGS
0010
[FIG. 1]

FIG. 1 is a schematic diagram depicting an
example configuration of a part of a light
irradiation device according to a first embodiment.
[FIG. 2]
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FIG. 2 is a plan view schematically
depicting an example configuration of an optical path
switching panel in the light irradiation device.
[FIG. 3]

FIG. 3 is a plan view schematically
depicting an example configuration of a color
component switching panel in the light irradiation
device.

[FIG. 4]

FIG. 4 is a cross-sectional diagram
depicting an example configuration of a reflection
diffusion plate in the first embodiment.

[FIG. 5]

FIG. 5 is an explanation diagram depicting
light diffused by the reflection diffusion plate.
[FIG. 6]

FIG. 6 is a schematic diagram depicting an
example when a diffusion plate is used instead of a
light absorption member as a laser light leakage
prevention means.

[FIG. 7]

FIG. 7 is a schematic diagram depicting an
example projector using the light irradiation device
according to the first embodiment.

[FIG. 8]

FIG. 8 is a schematic diagram depicting an
example configuration of a part of a light
irradiation device according to a variation.

[FIG. 9]

FIG. 9 is a flowchart for explaining an
example of an operation according to the variation.
[FIG. 10]

FIG. 10 is a schematic diagram depicting an
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example configuration of a part of a light
irradiation device according to a second embodiment.
[FIG. 11]

FIG. 11 is a plan view schematically
depicting an example configuration of a color
component switching panel according to the second
embodiment.

[FIG. 12]

FIG. 12 is a schematic diagram depicting an
example configuration of a part of a light
irradiation device according to a third embodiment.
[FIG. 13]

FIG. 13 is a plan view schematically
depicting an example configuration of a color
component/optical path switching panel according to
the third embodiment.

[FIG. 14]

FIG. 14 is a schematic diagram depicting an
example configuration of a part of a light
irradiation device according to a first reference
example.

[FIG. 15]

FIG. 15 is a plan view schematically
depicting an example configuration of an optical path
switching panel according to the first reference
example.

[FIG. 16]

FIG. 16 is a schematic diagram depicting an
example configuration of a part of a light
irradiation device according to a second reference
example.

([FIG. 17]

FIG. 17 is a plan view schematically
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depicting an example configuration of an optical path
switching panel according to the second reference

example.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
0011

[First embodiment]

In the following, an embodiment of the
present invention (in the following, the present
embodiment will be referred to as a “first
embodiment”) will be described in which a light
irradiation device is used for a light irradiation
device of a projector that is an example of an image
display apparatus.

0012

FIG. 1 is a schematic diagram depicting an
example configuration of a part of a light
irradiation device according to the first embodiment.
0013

A light source unit 1, illustrated in FIG.
1, includes a laser diode la that is a laser light
source, a coupling lens 1lb and a condenser lens lc.
A laser diode la or two or more laser diodes la are
arranged in a laser diode holder 2. On a back
surface side of the laser diode holder 2, a heat sink
(or a radiator plate) 21 for dissipating heat
generated at the laser diode la is provided. A
material of the heat sink 21 is a metal such as
aluminum or copper.

0014

Laser light from the laser diode la is

condensed by the coupling lens 1lb, and guided to the

condenser lens 1lc as a parallel light flux. The
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condenser lens 1lc has a function of condensing laser
light that has been made to be a parallel light flux
by the coupling lens 1b. For the laser diode la in
the first embodiment, although a case of a blue laser
light source for outputting laser light of a blue
component will be described as an example, a laser
light source for outputting laser light of a green
component or laser light of a red component may be
used. Moreover, instead of the laser diode, another
laser light source may be used.
0015

Laser light of blue component condensed by
the condenser lens lc is guided to an optical path
switching plate 3 that is an example of the optical
path switching member. A spot size of laser light
irradiated on the optical path switching plate 3 is
properly defined so as to prevent color mixture or
the like.
0016

FIG. 2 is a plan view schematically
depicting an example configuration of the optical
path switching plate 3.
0017

The optical path switching plate 3 1is
formed by, as illustrated in FIG. 2, a rotation disk
for an optical path time division that has a
reflection region 3a and a transparent region 3b that
are divided in the rotational direction. The optical
path switching plate 3 is arranged so that the plate
surface is inclined with respect to a light axis of
laser light of blue component output from the light
source unit 1 (here, 45 degrees with respect to the

light axis). The optical path switching plate 3 1is,



10

15

20

25

30

e

as illustrated in FIG. 1, rotaticnally driven around
a rotation driving axis 4a by a stepping motor 4 as
an example of a driving source.
0018

In the reflection region 3a of the optical
path switching plate 3, a reflection film is provided
on a side of a plate surface, on which laser light of
blue component is irradiated. Moreover, in the
transparent region 3b of the optical path switching
rlate 3, an antireflection film is provided on a side
of a plate surface, which is irradiated with laser
light of blue component.
0019

Laser light of blue component passing
through the transparent region 3b of the cptical path
switching plate 3 is guided to a phosphor wheel 5
that is an example of a wavelength change member by a
condenser lens 11, a reflection mirror 12, a dichroic
mirror 9, and a condenser lens 14. The condenser
lens 11 has a function of condensing laser light of
blue component transmitted by the transparent region
3b and converting it into a parallel light flux. The
dichroic mirror 9 has a function of transmitting
light of blue component and guiding it to the
phosphor wheel 5, and a function of reflecting
fluorescence of a color component other than blue
component and guiding it to a color component
switching plate 10. The condenser lens 14 has a
function of condensing a parallel light flux onto the
phosphor wheel 5 in a spot like form, and a function
of condensing fluorescence from the phosphor wheel 5
and converting it into a parallel light flux.
0020
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The phosphor wheel 5 is formed by a
rotation disk, and rotationally driven around a
rotational driving axis 6a by a stepping motor 6 that
is an example of a driving source. On the phosphor
wheel 5, a phosphor film 5b is applied, which when
being irradiated with laser light of blue component
emitted from the light source unit 1, generates
fluorescence including a green component (G) and a
red component (R) that are different from blue
component (B). For the phosphor film 5b, as
described above, for example, a phosphor film that
generates fluorescence of a yellow component (Y) of
450 nm or more and 750 nm or less, including a red
component of a wavelength region of 580 nm or more
and 750 nm or less and a green component of 450 nm or
more and 600 nm or less, can be used.
0021

According to rotation of the phosphor wheel
5, laser light is prevented from being irradiating
continuously on the same part, and degradation of the
phosphor film 5b is prevented. For a phosphor
material of the phosphor film 5b, for example, a
mixture of a phosphor material that is excited by
irradiation of laser light of blue component and
generates fluorescence of green component, and a
material that is excited in the same way as above and
generates fluorescence of red component (a phosphor
material that generates yellow fluorescence) can be
used, but is not limited to. For example, a phosphor
material having a phosphor distribution
characteristic extending over from a wavelength
region of green compcnent and a wavelength region of

red component can be used.
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0022

Laser light of blue component passing
through the transparent region 3b of the optical path
switching plate 3, passes through the dichroic mirror
9 and is emitted to the phosphor wheel 5, and thereby
the phosphor wheel 5 generates fluorescence including
green component and red component. When fluorescence
of green component and red component, generated in
this way, is input to the dichroic mirror 9, the
fluorescence is reflected at the dichroic mirror 9,
condensed by a condenser lens 16, and guided to the
color component switching plate 10.
0023

FIG. 3 is a plan view schematically
depicting an example configuration of the color
component switching plate 10.
0024

The color component switching plate 10 is
formed by a rotation disk, and is rotationally driven
in a rotational direction around the rotation driving
axis 15a by a stepping motor 15 that is an example of
a driving source. The color component switching
plate 10 is formed, as illustrated in FIG. 3, by a
rotation disk for a coleor component time division
that has a first region (B) that transmits light of
blue component in the rotational direction (in this
example, a counterclockwise direction), a second
region (G) that transmits fluorescence of green
component and absorbs or reflects fluorescence of red
component, and a third region (R) that transmits
fluorescence of red component and absorbs or reflects
fluorescence of green component, divided in the

rotational direction and formed. Blue component
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transmission region of the color component switching
plate 10 (i.e. the first region (B)) can be formed by
a transparent glass plate or a notch portion.
However, the first region may be formed by a filter
that transmits only a specific wavelength band
including the wavelength band of blue component. By
using a filter, by changing shade a color
reproduction range can be adjusted.
0025

In fluorescence including green component
and red component that is output from phosphor wheel
5 and guided to the color component switching plate
10, red component is cut by passing through the
second region (G) of the color component switching
plate 10, and thereby light of only green component
passes through the color component switching plate 10
and is guided to a light tunnel 17 that is an example
of the light output unit. Moreover, in fluorescence
including green component and red component guided to
the color component switching plate 10, green
component is cut by passing through the third region
(R) of the color component switching plate 10, and
thereby light of only red component passes through
the color component switching plate 10 and is guided
to the light tunnel 17.
0026

FIG. 4 i1s a cross-sectional view depicting
an example configuration of the reflection diffusion
plate 8 according to the first embodiment.
0027

Laser light of blue component reflected in
the reflection region 3a of the optical path

switching plate 3 is converted by the condenser lens
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7 into a parallel light flux, and reflected by the
reflection diffusion plate 8 forming the reflection
diffusion member that is an example of a diffusion
optical path change member. In the reflection
diffusion plate 8 according to the first embodiment,
as illustrated in FIG. 4, a light transmission
diffusion layer 8a that transmits and diffuses laser
light L of blue component is formed on a base
material 8b on which a mirror surface that is an
example of the light reflection surface is formed.
In the light transmission diffusion layer 8a, a light
diffusion surface is formed on an input surface side
of a plate-like light transmission member, and on the
light diffusion surface an antireflection film is
coated. The light transmission diffusion layer 8a
has a function of converting input laser light L of
blue component into diffusion light to remove
coherency. The mirror surface on the base material
8b according to the first embodiment reflects light
of wide wavelength range, but a dichroic mirror that
reflects a part of wavelength band and transmits
other wavelength band may be employed.
0028

FIG. 5 is an explanation diagram depicting
light diffused by the reflection diffusion plate 8.
0029

Laser light L entering the reflection
diffusion plate 8 is diffused on a diffusion surface
of the light transmission diffusion layer 8a of the
reflection diffusion plate 8, to become first
diffusion light fluxes L;, Lz, and pass through the
light transmission diffusion layer 8a. Afterwards,

the first diffusion lights L), L, are reflected on a
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mirror surface on the base material 8b of the
reflection diffusion plate 8, and pass through the
light transmission diffusion layer 8a again and pass
the diffusion surface. At this time, the first
diffusion lights L;, L; are diffused again,
respectively, to become second diffusion lights Lii,
Lis, L2i1, Loas. In FIG. 5, an explanation is provided
with an example illustrating with a few lights, but
actually an infinite number of lights exist, and each
light is diffused, to be a uniform light flux.
0030

In this way, by using a reflection
diffusion member, such as the reflection diffusion
plate 8, for a light diffusion member for diffusing
laser light L, diffusion shaping can be performed
twice on a single diffusion surface, and high
diffusion performance for laser light L can be
obtained with the single diffusion surface. When a
light transmissive material is used for the light
diffusion member, in order to perform diffusion
shaping twice, two diffusion surfaces are required.
Therefore, there is an advantage that by using the
reflection diffusion member as in the first
embodiment, high diffusion performance can be
obtained easily.
0031

Because the reflection diffusion plate 8 of
the first embodiment transmits laser light and a
diffusing light transmission diffusion layer 8a is
formed on the light reflection surface, the light
reflection surface can be formed as a plane, a
reflection coating can be applied easily, and high

reflectance can be obtained. The reflection coating
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can be formed by coating with a dielectric multi-
layer film or a metallic film,
0032

Laser light (diffusion light) L’ of blue
component which is reflected a diffused by the

reflection diffusion plate 8 is guided to the

dichroic mirror 9. Because the dichroic mirror 9 has,

as described above, a function of transmitting light
of blue component, the light reflected and diffused
by the reflection diffusion plate 8 passes through
the dichroic mirror 9, is condensed by the condenser
lens 16, and thereafter, is guided to the color
component switching plate 10. The laser light of
blue component guided to the color component
switching plate 10 in this way passes through the
first region of the color component switching plate
10 and guided to the light tunnel 17.
0033

The light tunnel 17 has a function of
reducing light quantity unevenness. Instead of the
light tunnel 17, another member such as a fly eye
lens may be used. Light guided to the light tunnel
17 is guided by the light tunnel and emitted to the
outside of the light irradiation device.
0034

In the first embodiment, as illustrated in
FIG. 1, at a destination to which laser light L of
blue component emitted toward the reflection
diffusion plate 8 goes straight at the light
diffusion position according to the reflection
diffusion plate 8 (i.e. installation position of the
reflection diffusion plate 8), an absorption member

19 that is a laser light attenuation member which is
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an example of a laser light leakage prevention means
for preventing the laser light L from leaking to the
outside of the device remaining in an undiffused
state 1s arranged. The absorption member 19 absorbs
at least blue component by a predetermined amount or
more. For example, a member on which black and non-
reflective paint is applied can be used.
0035

For the laser light leakage prevention
means, not limited to the absorption means 19, a
light shielding member for simply shielding laser
light L of blue component may be used. As the light
shielding member, the case itself of the light
irradiation device may be used, or the light
shielding member may be a member different from the
case.
0036

Moreover, as illustrated in FIG. 6, as the
laser light leakage prevention means, a diffusion
plate 22 that is an example of a laser light
diffusion member for diffusing laser light L may be
used. The diffusion plate 22 has a light
transmittivity. A diffusion surface is provided on a
surface side which is irradiated with laser light L,
and an antireflection film is formed on a side which
laser light L enters. By arranging the diffusion
plate 22, described as above, when laser light L
passes through the diffusion plate 22, coherency is
removed by an action of diffusion of the diffusion
plate 22. Therefore, even if laser light (diffusion
light) passing through the diffusion plate 22 leaks
to the outside, there is no safety problem.
0037
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On an occurrence of an event that the
reflection diffusion plate 8 is broken or drops off
due to aging degradation, a shock or a vibration from
outside, or the like, an event that laser light L
from the light source unit 1 goes straight remaining
in a non-diffused state at the light diffusion
position according to the reflection diffusion plate
8 (i.e. installation position of the reflection
diffusion plate 8) can occur. However, in the first
embodiment, there is not an ocutput optical path in
which laser light L from the light source unit 1 goes
straight at the light diffusion position according to
the reflection diffusion plate 8 (i.e. installation
position of the reflection diffusion plate 8) to the
light tunnel 17. Therefore, according to the first
embodiment, even if the event that the reflection
diffusion plate 8 is broken or drops off due to aging
degradation, a shock or a vibration from outside, or
the like, laser light L remaining in a non-diffused
state is not emitted from the light tunnel 17 to the
outside.

0038

Moreover, in a configuration where there is
an output optical path in which laser light 1L from
the light source unit 1 goes straight at the light
diffusion position according to the reflection
diffusion plate 8 (i.e. installation position of the
reflection diffusion plate 8) to the light tunnel 17,
a laser light leakage prevention means such as the
absorption member 19 or the diffusion member 22
cannot be arranged at a destination to which laser
light L goes straight. When such a laser light

leakage prevention means is arranged, the laser light
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leakage prevention means obstructs the output optical
path.
0039

In contrast, in the first embodiment,
because there is not an output optical path in which
laser light L from the light source unit 1 goes
straight at the light diffusion position according to
the reflection diffusion plate 8 (i.e. installation
position of the reflection diffusion plate 8) to the
light tunnel 17, a laser light leakage prevention
means such as the absorption member 1% or the
diffusion member 22 can be arranged at a destination
to which laser light L goes straight. Therefore, on
an occurrence of the event that due to a breakage or
a drop-off of the reflection diffusion plate 8, laser
light L from the light source unit 1 goes straight
remaining in a non-diffused state at the light
diffusion position according to the reflection
diffusion plate 8 (i.e. installation position of the
reflection diffusion plate 8), the laser light
leakage prevention means can surely prevent the laser
light L remaining in the non-diffused state from
being emitted to the outside from a part other than
the light tunnel 17 (gap in the case, a ventilation
hole or the like).
0040

Moreover, by using the reflection diffusion
plate 8 such as the first embodiment, compared with a
case of using a configuration where a transmission
diffusion plate and a reflection mirror are combined,
in addition to reduction of a number of components
and low cost, space-saving can be achieved, and a

small-size light irradiation device can be enabled.
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0041

Next, a configuration and operation of a
projector that is an example of an image display
apparatus installing the light irradiation device
according to the first embodiment will be described.
0042

FIG. 7 is a schematic diagram depicting an
example of a projector using the light irradiation
device according to the first embodiment.
0043

Light passing through the light tunnel 17
of the above-described light irradiation device is
made to be a parallel light flux by a condenser lens
25 configuring an illumination optical system,
thereafter the light is reflected by reflection
mirrors 26, 27 configuring the illumination optical
system, and is guided to an image formation panel 13
that is an example of an image formation member. The
image formation panel 13 is controlled by a publicly
known image formation unit (not illustrated), light
of each color component is reflected by the image
formation panel 13, and emitted to a screen S via a
projection lens unit 28 configuring the illumination
optical system. Therefore, a color image is enlarged
and displayed on the screen S.
0044

In the first embodiment, as an image
formation panel 13, a panel of a reflection type that
forms an image in response to modulation signals is
exemplified. But a panel of a transmission type may
be used. The light tunnel 17 is a representative
example of a light quantity uniformizing means.

Moreover, a projection lens unit 28 is a
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representative example of a projection optical system.
Moreover, respective optical components arranged on
the optical path between the color component
switching plate 10 and the projection lens unit 28
are stored in a projection system case 29.

Components between the light source unit 1 and the
condenser lens 16 are stored in an illumination
system case 20. A connection unit between the
projection system case 29 and the illumination system
case 20 has a configuration that is sealed so that
light does not leak to the outside.

0045

In FIG. 7, the illumination case 20 and the
projection case 29 are formed separately. However,
not limited to this, the illumination system case 20
and the projection system case 29 may be formed
integrally as necessary. In the configuration
illustrated in FIG. 7, a part of the illumination
system case 20 existing at a destination, to which
laser light L goes straight at the light diffusion
position according to the reflection diffusion plate
8, serves a function as the laser light leaking
prevention means that the absorption member 19 has.

[Variation]

Next, a variation of the light illumination
device in the above-described first embodiment 1 will
be described.

0046

Because a basic configuration in the
variation is the same as the above-described first
embodiment, in the following, mainly a difference
from the above-described first embodiment will be

described.
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0047

FIG. 8 is a schematic diagram depicting an
example configuration of a part of the light
irradiation device according to the variation.
0048

The variation is provided with a photo
sensor 23 that is an example of a laser light
detection means for detecting laser light L of blue
component which goes straight at a light diffusion
position according to the reflection diffusion plate
8 (i.e. installation position of the reflection
diffusion plate 8). Because the laser light
detection means only has to detect laser light, not
limited to the photo sensor 23, but, for example, the
laser light detection means may detect change in
temperature by using a temperature detection means,
such as a thermistor. The photo sensor 23 1is
arranged between the reflection diffusion plate 8 and
the absorption member 19.
0049

FIG. 9 is a flowchart for explaining an
example of an operation according to the wvariation.
0050

When a laser diode la of the light source
unit 1 is driven to output laser light L of blue
component (step S1), in a situation where an
abnormality such as a drop=-off or breakage of the
reflection diffusion plate 8 does not occur, laser
light L of blue component 1is properly reflected and
diffused by the reflection diffusion plate 8, and the
photo sensor 23 is not radiated with laser light L
(step S2: NO). In contrast, when an abnormality that

the reflection diffusion plate 8 is broken or drops
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off due to aging degradation, a shock or a vibration
from outside, or the like, laser light L goes
straight at the light diffusion position according to
the reflection diffusion plate 8 and is emitted to
the photo sensor 23 (step S2: YES). Then, from the
photo sensor 23, a detection confirmation signal
indicating detection of laser light L is output (step
S3).
0051

The detection confirmation signal output
from the photo sensor 23 is sent to an emergency
shutoff circuit 24 that is an example of a laser
light stoppage control means. The emergency shutoff
circuit 24 operates when the detection confirmation
signal is received from the photo sensor 23 (step S4),
and a power supply to the laser diode la is
disconnected. Then, the output of laser light from
the laser diode la of the light source unit 1 stops.
0052

According to the wvariation, on an
occurrence of an event that an abnormality occurs on
the reflection diffusion plate 8 and laser light L
from the light source unit 1 goes straight remaining
in a non-diffused state at the light diffusion
position according to the reflection diffusion plate
8 (i.e. installation position of the reflection
diffusion plate 8), output of laser light L from the
light socurce unit 1 stops. Therefore, laser light L
can be surely prevented from leaking to the outside
remaining in the non-diffused state.

[Second embodiment]

Next, another embodiment (in the following,

referred to as “second embodiment”) will be described
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in which the light irradiation device according to
the present invention is used as a light irradiation
device of a projector that is an example of an image
display apparatus.
0053

Because a basic configuration in the second
embodiment is the same as in the first embodiment,
mainly a difference from the first embodiment will be
described in the following.
0054

FIG. 10 is a schematic diagram depicting an

example configuration of a part of a light

irradiation device according to the second embodiment.

0055

The optical path according to the second
embodiment when light of blue component (B) is
emitted will be described. Laser light L of blue
component (B) output from the light source unit 1 is
condensed by the condenser lens 1lc and focused on
approximately one point on the optical path switching
plate 3, and reflected in the reflection region 3a on
the optical path switching plate 3. Therefore, the
light is guided to the reflection diffusion plate 8
through the lens 7, reflected and diffused by the
reflection diffusion plate 8, and thereafter, guided
to a second dichroic mirror 34. The second dichroic
mirror 34 has a function of reflecting light of blue
component and a function of transmitting fluorescence
of a color component other than blue component.
Therefore, light of blue component guided to the
second dichroic mirror 34 is reflected at the second
dichroic mirror 34 and guided to the color component

switching plate 35.
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0056

FIG. 11 is a plan view schematically
depicting an example configuration of the color
compcnent switching plate 35 according to the second
embodiment.
0057

Although a basic configuration of the color
component switching plate 35 according to the second
embodiment is the same as in the first embodiment, as
illustrated in FIG. 11, in a rotational direction
indicated by an arrow (in this example, a
counterclockwise direction), in addition to a first
region (B) that transmits light of blue component, a
second region (G) that transmits fluorescence of
green component and absorbs or reflects fluorescence
of red component, and a third region (R) that
transmits fluorescence of red component and absorbs
or reflects fluorescence of green component, a fourth
region (Y) that absorbs or reflects light of blue
component are formed on a rotational disk for a color
component time division that is formed by dividing in
the rotational direction. In this example, the
fourth region (Y) is formed on the rotational
direction between the first region (B) and the second
region (G).
0058

Light of blue component (B) guided to the
color component switching plate 35 passes through the
first region (B) of the color component switching
plate 35 and guided to the light tunnel 17. The
light of blue compconent (B) passing through the color
component switching plate 35 is injected into the

light tunnel 17 and becomes uniform light, and
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thereafter, injected to the image formation panel 13
through the lens 25 and the mirror 27, and projected
onto a screen through the projection lens unit 28.
0059

Next, optical path according to the second
embodiment when lights of red component (R), green
component (G) and yellow component (Y) are emitted
will be described.
0060

Laser light L of blue component (B) output
from the light source unit 1 is condensed by the
condenser lens lc and focused on approximately one
point on the optical path switching plate 3, and
passes through the transparent region 3b on the
optical path switching plate 3. Laser light L of
blue component (B) passing through the transparent
region 3b on the optical path switching plate 3
becomes diffusion light when passing through a
transmission diffusion plate 31, and thereafter,
guided to a first dichroic mirror 33 through a lens
11. The first dichroic mirror 33 has a function of
transmitting light of blue component and a function
of reflecting fluorescence of a color component other
than blue component. Therefore, light of blue
component guided to the first dichroic mirror 33
passes through the first dichroic mirror 33 and
guided to the phosphor wheel 5.
0061

In the second embodiment, by arranging the
transmission diffusion plate 31, laser light L from
the light source unit 1 is diffused by the
transmission diffusion plate 31, and then, emitted to

the optical components of the subsequent stage, such



10

15

20

25

30

-26-

as the lens 11, the phosphor wheel 5 or the like.
Therefore, compared with the case where laser light L
in a non-diffused state is directly emitted, a
breakage or the like of the lens 11 or the phosphor
wheel 5 due to a rise i1n temperature by focusing
light on one point can be prevented.
0062

When light of blue component is emitted to
the phosphor wheel 5, fluorescence of yellow
component (Y) including both red component (R) and
green component (G) is generated. The fluorescence
of yellow component (Y) is condensed by the lens 14,
and thereafter, reflected at the first dichroic
mirror 33 and guided to the second dichroic mirror 34.
The fluorescence of yellow component (Y) guided to
the second dichroic mirror 34 passes through the
second dichreoic mirror 34 and guided to the color
component switching plate 35.
0063

From the fluorescence of yellow component
(Y) output from the phosphor wheel 5 and guided to
the color component switching plate 35, by passing
through the second regicn (G) of the color component
switching plate 35, red component is removed, and
light of only green component passes through the
color component switching plate 35 and is guided to
the light tunnel 17 that is an example of a light
output unit. Therefore, light of green component (G)
is injected into the light tunnel 17 and becomes
uniform light, and thereafter, injected to the image
formation panel 13 through the lens 25 and the mirror
27, and projected onto a screen through the

projection lens unit 28.
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0064

Moreover, from fluorescence of yellow
component (Y), by passing through the third region
(R) of the color component switching plate 35, green
component is removed, and light of only red component
passes through the color component switching plate 35
and is guided to the light tunnel 17 that is an
example of the light output unit. Therefore, light
of red component (R) is injected into the light
tunnel 17 and becomes uniform light, and thereafter,
injected to the image formation panel 13 through the
lens 25 and the mirror 27, and projected onto a
screen through the projection lens unit 28.
0065

Moreover, by fluorescence of yellow
component (Y) passing through the fourth region (Y)
of the color component switching plate 35, light of
yellow component (Y) including green component (G)
and red component (R) passes through the color
component switching plate 35 and is guided to the
light tunnel 17 that is an example of the light
output unit. Therefore, light of yellow component
(Y) is injected into the light tunnel 17 and becomes
uniform light, and thereafter, injected to the image
formation panel 13 through the lens 25 and the mirror
27, and projected onto a screen through the
projection lens unit 28.
0066

On an occurrence of an event that the
reflection diffusion plate 8 is broken or drops off
due to aging degradation, a shock or a vibration from
outside, or the like, an event that laser light L

from the light source unit 1 goes straight remaining
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in a non-diffused state at the light diffusion
position according to the reflection diffusion plate
8 (i.e. installation position of the reflection
diffusion plate 8) can occur. However, also in the
second embodiment, there is not an output optical
path in which laser light L from the light source
unit 1 goes straight at the light diffusion position
according to the reflection diffusion plate 8 (i.e.
installation position of the reflection diffusion
plate 8) to the light tunnel 17. Therefore,
according to the second embodiment, even if the event
that the reflection diffusion plate 8 is broken or
drops off due to aging degradation, a shock or a
vibration from outside, or the like, laser light L
remaining in a non-diffused state is not emitted from
the light tunnel 17 to the outside. Furthermore, in
the same way as the first embodiment, because at a
destination to which laser light L from the light
source unit remaining in a non-diffused state goes
straight at the light diffusion position according to
the reflection diffusion plate 8 (i.e. installation
position of the reflection diffusion plate 8), an
absorption member 19 is arranged, the laser light L
remaining in the non-diffused state is surely
prevented from being emitted to the outside from a
part other than the light tunnel 17 (gap in the case,
a ventilation hole or the like).
0067

Also in the second embodiment, instead of
the absorption member 19, another laser light leaking
prevention means, such as the diffusion plate 22, or
a member using a part of the illumination system case

20, may be used. Moreover, as in the variation, a
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configuration in which a photo sensor 23 or an

emergency shutoff circuit 24 is installed may be

employed.

[Third embodiment]

Next, yet another embodiment (in the
following, referred to as “third embodiment”) will be

described in which the light irradiation device
according to the present invention is used as a light
irradiation device of a projector that is an example
of an image display apparatus.
0068

Because a basic configuraticn in the third
embodiment is the same as in the second embodiment,
mainly a difference from the second embodiment will
be described in the following.
0069

FIG. 12 is a schematic diagram depicting an
example configuration of a part of the light
irradiation device according to the third embodiment.
Moreover, FIG. 13 is a plan view schematically
depicting an example configuration a color
component/optical path switching plate 41 according
to the third embodiment.
0070

The color component/optical path switching
plate 41 according to the third embodiment, as
illustrated in FIG. 13, is formed by a rotational
disk for an optical path time division having a blue
component transparent region 4la, a red component
transparent regicon 41b, a green component transparent
region 41lc and a yellow component transparent region
41d, divided in a rotational direction indicated by

an arrow (in this example, a counterclockwise
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direction). The blue component transparent region
can be formed by a transparent glass or a notch. Any
of the other regions 41b, 4lc, 41d reflect blue
component (B). Each of the other regions 41b, 4lc
41d is formed by a dichroic mirror that transmits
only red component (R), green component (G) or yellow
component. The color component/optical path
switching plate 41 according to the third embodiment
is equally divided intoc four regions 4la, 41b, 4lc
and 41d (segment angle is 90°). However, angles of
the respective regions are not limited to this.
Depending on color design of a projector that uses
the light irradiation device, optimum values for the
segment angles may be selected.
0071

The optical path according to the third
embodiment when light of blue component (B) is
emitted will be described. Laser light L of blue
component (B) output from the light source unit 1 is
condensed by the condenser lens lc and focused on
approximately one point on the color
component/optical path switching plate 41. The laser
light L of blue component (B) guided to the color
component/optical path switching plate 41 passes
through the blue component transparent region 4la on
the color component/optical path switching plate 41,
and thereafter, guided to the reflection diffusion
plate 8 through the lens 7, and reflected and
diffused by the reflection diffusion plate 8, and
thereafter, reflected at the reflection mirror 42 and
guided to the dichroic mirror 43. The dichroic
mirror 43 has a function of reflecting light of blue

component and a function of transmitting fluorescence
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of a color component other than blue component.
Therefore, light of blue component guided to the
dichroic mirror 43 is reflected at the dichroic
mirror 43 and guided to the light tunnel 17 wvia the
lens 16. Then, light of blue component is injected
into the light tunnel 17 and becomes uniform light,
and thereafter, injected to the image formation panel
13 through the lens 25 and the mirror 27, and
projected onto a screen through the projection lens
unit 28.
0072

Next, optical path according to the third
embodiment when lights of red component (R), green
component (G) and yellow component (Y) are emitted
will be described.
0073

Laser light L of blue component (B) output
from the light source unit 1 is condensed by the
condenser lens lc and focused on approximately one
point on the color component/optical path switching
plate 41, and reflected at the red component
transparent region 41b on the color component/optical
path switching plate 41, and guided to the phosphor
wheel 5 passing through a lens 44, a transmission
diffusion plate 45 and a lens 46. Also in the third
embodiment, by arranging the transmission diffusion
plate 45, in the same way as in the second embodiment,
laser light L from the light source unit 1 is
diffused by the transmission diffusion plate 31, and
then, emitted to the optical components of the
subsequent stage, such as the lens 46, the phosphor
wheel 5 or the like. Therefore, compared with the

case where laser light L in a non-diffused state is
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directly emitted, a breakage or the like of the lens
46 or the phosphor wheel 5 due to a rise in
temperature by focusing light on one point can be
prevented.
0074

When light of blue component is emitted to
the phosphor wheel 5, fluorescence of yellow
component (Y) including both red component (R) and
green component (G) is generated. The fluorescence
of yellow component (Y) passes through the lens 44,
the transmission diffusion plate 45 and the lens 46
and is guided to the color component/optical path
switching plate 41. From the fluorescence of yellow
component (Y), when passing through the red component
transparent region 41b on the color component/optical
path switching plate 41, color component other than
red component is removed. Therefore, light of red
component passes through the lens 47, is guided to
the dichroic mirror 43, passes through the dichroic
mirror 43, and i1s guided to the light tunnel 17.
Then, light of red component is injected into the
light tunnel 17 and becomes uniform light, and
thereafter, injected to the image formation panel 13
through the lens 25 and the mirror 27, and projected
onto a screen through the projection lens unit 28.
0075

Moreover, from fluorescence of yellow
component (Y), when passing through the green
component transparent region 4lc on the color
component/optical path switching plate 41, color
component other than green component is removed, and
light of green component is guided to the dichroic

mirror 43 through the lens 47. Then, light of green
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component passes through the dichroic mirror 43, is
guided to the light tunnel 17, is injected into the
light tunnel 17 and becomes uniform light, and
thereafter, injected to the image formation panel 13
through the lens 25 and the mirror 27, and projected
onto a screen through the projection lens unit 28.
0076

Moreover, when fluorescence of yellow
component (Y) passes through the yellow component
transparent region 41d on the color component/optical
path switching plate 41, color component other than
vyellow component is removed, light of yellow
component is guided to the dichroic mirror 43 through
the lens 47. Then, light of yellow component passes
through the dichroic mirror 43, is guided to the
light tunnel 17, injected into the light tunnel 17
and becomes uniform light, and thereafter, injected
to the image formation panel 13 through the lens 25
and the mirror 27, and projected onto a screen
through the projection lens unit 28.
0077

On an cccurrence of an event that the
reflection diffusion plate 8 is broken or drops off
due to aging degradation, a shock or a vibration from
outside, or the like, an event that laser light L
from the light source unit 1 goes straight remaining
in a non-diffused state at the light diffusion
position according to the reflection diffusion plate
8 (i.e. installation position of the reflection
diffusion plate 8) can occur. However, also in the
third embodiment, there is not an output optical path
in which laser light L from the light source unit 1

goes straight at the light diffusion position
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according to the reflection diffusion plate 8 (i.e.
installation position of the reflection diffusion
plate 8) to the light tunnel 17. Therefore,
according to the third embodiment, even if the event
that the reflection diffusion plate 8 is broken or
drops off due to aging degradation, a shock or a
vibration from outside, or the like, laser light L
remaining in a non-diffused state is not emitted from
the light tunnel 17 to the outside. Furthermore, in
the same way as the first and second embodiments,
because at a destination to which laser light L from
the light source unit remaining in a non-diffused
state goes straight at the light diffusion position
according to the reflection diffusion plate 8 (i.e.
installation position of the reflection diffusion
plate 8), an absorption member 19 is arranged, the
laser light L remaining in the non-diffused state is
surely prevented from being emitted to the outside
from a part other than the light tunnel 17 (gap in
the case, a ventilation hole or the like).
0078

Also in the third embodiment, instead of
the absorption member 19, another laser light leaking
prevention means, such as the diffusion plate 22, or
a member using a part of the illumination system case
20, may be used. Moreover, as in the variation, a
configuration in which a photo sensor 23 or an
emergency shutoff circuit 24 is installed may be
employed.
0079

Here, in the third embodiment, the color
component switching plate 10, 35 which is provided in

the first or second embodiment is not provided. This
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is because the color component/optical path switching
plate 41 has a function of the color component
switching plate 10, 35. Therefore, in addition to
reduction of a number of components and cost
reduction, space saving can be achieved and a small
sized light irradiation device can be provided.
Furthermore, in the configuration, as in the first
and second embodiments, where the optical path
switching plate 3 and the color component switching
plate 10, 35 are provided separately, a rotation
synchronization control between the optical path
switching plate 3 and the color component switching
plate 10, 35 is required. However, according to the
third embodiment, such a rotation synchronization
control becomes unnecessary, and a control can be
simplified.
0080

Moreover, in the third embodiment, the
reflection diffusion plate 8 and the reflection
mirror 42 may be exchanged and arranged. 1In this
case, 1in accordance with the exchange of arrangement
between the reflection diffusion plate 8 and the
reflection mirror 42, the installation position of
the absorption member 19 may be changed.
0081

Moreover, in the third embodiment, not only
the reflection diffusion plate 8, but also the
reflection mirror 42 may be formed by a reflection
diffusion plate. In this case, for light of blue
component, greater diffusion effect can be obtained.
Even when a second reflection diffusion plate
arranged at the position of the reflection mirror 42
drops off or the like, light to be injected to the
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second reflection diffusion plate has already been
diffused by the reflection diffusion plate 8, and a
laser light leaking prevention means such as the
absorption member 19 is not necessary to be arranged
at a destination to which the light goes straight due
to the drop-off or the like of the second reflection
diffusion plate.

0082

Moreover, in the third embodiment,
reflection surfaces of the red component transparent
region 41lb, the green component transparent region
41c, and the yellow component transparent region 41d
on the color component/optical path switching plate
41 may serve as reflection diffusion surfaces.
Therefore, because the transmission diffusion plate
45 becomes unnecessary, the number of components is
reduced, cost reduction and size reduction of the
light irradiation device can be achieved.

[First reference example]

Next, a reference example of a light
irradiation device used in a projector that is an
example of an image display apparatus (in the
following, the present reference example is referred
to as “first reference example”) will be described.
0083

Because a basic configuration in the first
reference example is the same as in the second
embodiment, mainly a difference from the second
embodiment will be described in the following.

0084

FIG. 14 is a schematic diagram depicting an

example configuration of a part of a light

irradiation device according to the first reference
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example. Moreover, FIG. 15 is a plan view
schematically depicting an example configuration of
an optical path switching plate 51 according to the
first reference example.
0085

The optical path switching plate 51
according to the first reference example, as
illustrated in FIG. 15, is formed by a rotation disk
for an optical path time division having a reflection
diffusion region 5la and a transmission region 51b
divided in a rotational direction. The reflection
diffusion region 5la according to the first reference
example 1s formed of the same reflection diffusion
member as the above-described reflection diffusion
plate 8.
0086

Because the reflection diffusion region 5la
in the optical path switching plate 51 according to
the first reference example 1s formed of a reflection
diffusion member, the reflection diffusion plate 8
provided in the second embodiment can be omitted, and
instead of the reflection diffusion plate 8 a general
reflection mirror 52 that is not provided with the
light diffusion function is installed. Needless to
say, the reflection diffusion plate 8 may be arranged
instead of the reflection mirror 52. In this case,
for light of blue component, greater diffusion effect
can be obtained. Moreover, in this case, even when
the reflection diffusion plate 8 arranged instead of
the reflection mirror 52 drops off or the like, light
to be injected to the reflection diffusion plate 8
has already been diffused by the reflection diffusion
region 5la on the optical path switching plate 51,
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and a laser light leaking prevention means such as
the absorption member 19 is not necessary to be
arranged at a destination to which the light goes
straight due to the drop-off or the like of the
reflection diffusion plate 8.
0087

Moreover, in the first reference example,
in order to diffuse later light L of blue component
in the reflection diffusion region 5la on the optical
path switching plate 51, a reflection diffusion part
irradiated with laser light L of blue component
temporally changes according to a rotation of the
optical path switching plate 51. According to the
temporal change of the part that diffuses laser light,
an illuminance distribution on the screen varies with
time. As a result, unevenness of a projection image
is averaged temporally, and a uniform image can be
obtained. Therefore, compared with the case where
the same part is always irradiated with laser light L
of blue component such as the reflection diffusion
plate 8 in the second embodiment, an effect of
uniformizing an image can be enhanced. As a result,
a diffusion angle required for obtaining a uniform
image can be made smaller, an illumination optical
system can be formed without causing degradation of
efficiency due to an increase of a subsequent optical
system or vignetting of diffusion light. Therefore,
an illumination optical system, which is small and
has high efficiency while obtaining a uniform image,
can be provided.

[Second reference example]

Next, another reference example of a light

irradiation device used in a projector that is an
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example of an image display apparatus (in the
following, the present reference example is referred
to as “second reference example”) will be described.
0088

Because a basic configuration in the second
reference example is the same as in the first
reference example, mainly a difference from the first
reference example will be described in the following.
0089

FIG. 16 is a schematic diagram depicting an
example configuration of a part of a light
irradiation device according to the second reference
example. Moreover, FIG. 17 is a plan view
schematically depicting an example configuration of
an optical path switching plate 61 according to the
second reference example.
0090

The optical path switching plate 61
according to the second reference example, as
illustrated in FIG. 17, is formed by a rotation disk
for an optical path time division having a reflection
diffusion region 6la and a transmission diffusion
region 61b divided in a rotational direction. The
reflection diffusion region 5la according to the
second reference example is formed of the same
reflection diffusion member as the above-described
reflection diffusion plate 8. The transmission
diffusion region 6lb according to the second
reference example is formed of the same transmission
diffusion member as the above-described transmission
diffusion plate 31.
0091

Because the transmission diffusion region
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61lb in the optical path switching plate 61 according
to the second reference example is formed of a
transmission diffusion member, the transmission
diffusion plate 31 provided in the first reference
example can be omitted. Therefore, the number of
components 1s reduced, cost reduction and size
reduction of the light irradiation device can be
achieved.
0092

In the second reference example, diffusion
surfaces of the reflection diffusion region 6la and
the transmission diffusion region 6lb in the optical
path switching plate 61 are arranged on the same
surface side. However, not limited to this, for
example, the optical path switching plate 61 provided
with the reflection diffusion region 6la and the
transmission diffusion region 61b may be manufactured
by preparing a plate in which one surface is a
diffusion surface and the other surface is subjected
to anti-reflection (AR) coating or reflection coating,
cutting the plate which is subjected to coating, and
bonding the plates with each other. On this occasion,
a front and a back of the transmission diffusion
surface can be arbitrarily selected.
0093

Moreover, in the transmission diffusion
region 61lb in the optical path switching plate 61
according toc the second reference example, only one
surface serves as the diffusion surface. However,
both surfaces may serve as the diffusion surfaces.
Therefore, because laser light L passes through the
diffusion surface twice, a diffusion effect can be

enhanced.
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0094

In the embodiments and reference examples,
any of the reference diffusion members that convert
incident light into diffusion light and reflect the
light may have a configuration in which a light
transmission diffusion layer for transmitting and
diffusing light is formed on a light reflection
surface, as illustrated in FIGs. 4 and 5.

0095

The embodiments, variation and reference
examples are examples, and a particular effect is
achieved by the present invention for each of the
aspects as follows:

(Aspect A)

Aspect A 1i1s, in a light irradiation device
that includes a laser light source such as a laser
diode la for emitting laser light L; and a light
diffusion member for converting the laser light L
emitted by the laser light source into diffusion
light, and emits light based on the laser light
emitted by the laser light source from a light output
unit such as a light tunnel 17 to the outside via an
output optical path or two or more output optical
paths including an optical path through which the
diffusion light converted by the light diffusion
member passes, the light diffusion member is a
diffusion optical path changing member such as a
reflection diffusion plate 8 that converts the laser
light emitted by the laser light source into
diffusion light and changes an optical path, the
output optical path does not include an optical path
on which laser light emitted toward the diffusion

optical path changing member goes straight at a light
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diffusion position according to the diffusion optical
path changing member and goes toward the light output
unit.
0096

According to the aspect A, even if the
diffusion optical path changing member (or light
diffusion member) arranged on the optical path of
laser light drops off or is broken and laser light
remaining in a non-diffused state goes straight at
the light diffusion position according to the
diffusion optical path changing member, the laser
light does not goes to the light output unit.
Therefore, laser light can be prevented from emitting
directly from the light ocutput unit to the outside.

(Aspect B)

Aspect B is, in the above-described Aspect
A, at a destination to which laser light emitted
toward the diffusion optical path changing member
goes straight at the light diffusion position
according to the diffusion optical path changing
member, a laser light leaking prevention means such
as an absorption member 19, a diffusion plate 22, or
an illumination system case 20, that prevents the
laser light from leaking to the outside of the device
remaining in a non-diffused state is included.
0097

According to the Aspect B, when laser light
goes straight at the light diffusion position
according to the diffusion optical path changing
member remaining in a non-diffused state, laser light
L remaining in the non-diffused state is surely
prevented from being emitted to the outside from a

part other than the light output unit (gap in the
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case, a ventilation hole or the like).

(Aspect C)

Aspect C is, in the above-described Aspect
B, the laser light leaking prevention means is a
laser light attenuation member such as an absorption
member 19 that attenuates the laser light.

0098

According to the Aspect C, high-intensity
laser light can be prevented from leaking to the
outside.

(Aspect D)

Aspect D is, in the above-described Aspect
B, the laser light leaking prevention means is a
laser light diffusion member such as a diffusion
plate 22 that diffused the laser light.

0099

According to the Aspect D, because light
leaking to the outside is diffusion light, even if a
part of light leaks to the outside, a problem can be
reduced.

(Aspect E)

Aspect E includes, in any one of the above-
described Aspects A through D, a laser light
detection means such as a photo sensor 23 that
detects laser light which goes straight at the light
diffusion position according to the diffusion optical
path changing member.

0100

According to the Aspect E, when the
diffusion optical path changing member arranged on
the optical path of laser light is drops-off or is
broken, and laser light remaining in a non-diffused

state goes straight at the light diffusion position
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according to the diffusion optical path changing
member, the light can be detected. Therefore, a
handling operation for stopping the output of the
laser light source or reporting to a user can be
performed.

(Aspect F)

Aspect F uses, in the above-described
Aspect E, a temperature detection means as the laser
light detection means.

0101

According to the Aspect F, laser light that
goes straight at the light diffusion position
according to the diffusion optical path changing
member can be easily detected.

(Aspect G)

Aspect G includes, in the above-described
Aspect E or F, a laser light stop controlling means
such as an emergency shut-off circuit 24 that stops
emission of laser light of the laser light source
when the laser light detection means detects laser
light.

0102

Therefore, laser light can be surely
prevented from leaking to the outside remaining in a
non-diffused state.

(Aspect H)

Aspect H is, in any one of the above-
described Aspects A through G, the diffusion optical
path changing member is formed of a reflection
diffusion member that converts laser light emitted by
the laser light source into diffusion light and
reflects the laser light.

0103
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According to the Aspect H, the diffusion
optical path changing means can be formed more easily
than a member that changes an optical path by
refracting laser light.

(Aspect I)

Aspect I is, in the above-described Aspect
H, the reflection diffusion member is a member in
which a light transmission diffusion layer that
transmits and diffuses the laser light is formed on a
light reflection surface.

0104

According to the Aspect I, from laser light
injected to the light transmission diffusion layer is
reflected at the light reflection surface until is
output from the light transmission diffusion layer,
diffusion shaping can be performed twice on a single
diffusion surface on the light transmission diffusion
layer. Therefore, a high diffusion performance for
laser light on a single diffusion surface can be
obtained. Furthermore, because the light reflection
surface can be formed as a plane, high reflectance
can be obtained.

(Aspect J)

Aspect J includes, in the above-described
Aspect I, a wavelength conversion member such as a
phosphor wheel 5 that receives laser light from the
laser light source and thereby emits light of another
wavelength band different from the laser light; a
first output optical path for reflecting and
diffusing laser light emitted by the laser light
source by the reflection diffusion member and
directing the laser light toward the light output

unit without going through the wavelength conversion
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member; and a second output optical path for
irradiating the wavelength conversion member with
laser light emitted by the laser light source and
directing light of another wavelength band emitted
from the wavelength conversion member toward the
light output unit.

0105

According to the Aspect J, because in a
light irradiation device that emits a plurality of
wavelength bands, laser light from the laser light
source can be emitted as diffusion light without
performing a wavelength conversion, a configuration
can be made simple. 1In this case, when the light
diffusion member arranged on an optical path is light
transmissive, 1if the light diffusion member drops off
or is broken, laser light is emitted from the light
output unit to the outside remaining in a non-
diffused state. According to the Aspect J, because
the light diffusion member arranged on the optical
path is a diffusion optical path changing member,
emission of laser light from the light output unit to
the outside remaining in a non-diffused state can be
suppressed.

(Aspect K)

Aspect K is an image display apparatus such
as a projector including the light irradiation device
according to any one of the above-described Aspects A
through J; an illumination optical system such as a
condenser lens 25, or reflection mirror 26, 27 that
transfers light emitted from the light irradiation
device to an image formation member such as an image
formation panel 13; and a projection optical system

such as a projection lens unit 28 that enlarges and
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projects an image formed in the image formation
member.
0106

According to the Aspect K, even if the
diffusion optical path changing member (optical
diffusion member) arranged on the optical path of
laser light drops off or is broken and laser light
goes straight at the light diffusion position
according to the diffusion optical path changing
member remaining in a non-diffused state, direct
emission of laser light from the light output unit to
the outside is suppressed and a safer image display
apparatus can be provided.
0107

The sequential number, 1, 2, .. assigned to
the embodiments and the reference examples, does not
indicate an order of preferred embodiment and
preferred reference examples.
0108

As described above, a disclosed light
irradiation device and an image display apparatus
provided with the same are explained by the
embodiment, variation and reference examples.
However, the present invention is not limited to the
above-described embodiments. It goes without saying
that various variations and modifications may be made
without departing from the scope of the present
invention.
0109

The present application is based on
Japanese Priority Application No. 2014-027911 filed
on February 17, 2014, with the Japanese Patent Office,

the entire contents of Japanese priority application
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014-027911 are hereby incorporated by reference.

rence Signs List]

light source unit
laser diode
optical path switching plate
reflection region
transmission region
phosphor wheel
reflection diffusion plate
light transmission diffusion layer
base material
reflection diffusion plate
dichroic mirror
color component switching plate
image formation panel
light tunnel
absorption member
illumination system case
diffusion plate
photo sensor
emergency shut-off circuit
projection lens unit
projection system case
transmission diffusion plate
color component/optical path switching plate
blue color component transmission region
red color component transmission region
green color component transmission region
yellow color component transmission region
transmission diffusion plate
optical path switching plate

reflection diffusion region
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61
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transmission region
optical path switching plate
reflection diffusion region

transmission diffusion region
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WHAT IS CLAIMED IS

[Claim 1]

A light irradiation device, comprising:

a laser light source configured to emit
laser light; and

a light diffusion member configured to
convert the laser light into diffusion light,

wherein light based on the laser light is
emitted to an outside from a light output unit via an
output optical path or two or more output optical
paths including an optical path which the diffusion
light passes through,

wherein the light diffusion member includes
a diffusion optical path changing member configured
to convert the laser light into the diffusion light
and change an optical path, and

wherein the output optical path does not
include an optical path in which laser light emitted
toward the diffusion optical path changing member
goes straight at a light diffusion position according
to the diffusion optical path changing member to go
toward the light output unit.

[Claim 2]

The light irradiation device according to
claim 1,

wherein at a destination of laser light

emitted toward the diffusion optical path changing
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member going straight at the light diffusion position
according to the diffusion optical path changing
member, a laser light leaking prevention means for
preventing the laser light from leaking to an outside
of the light irradiation device remaining in a non-

diffused state is arranged.

[Claim 3]

The light irradiation device according to
claim 2,

wherein the laser light leaking prevention
means includes a laser light attenuation member

configured to attenuate the laser light.

[Claim 4]

The light irradiation device according to
claim 2,

wherein the laser light leaking prevention
means includes a laser light diffusion member

configured to diffuse the laser light.

[Claim 5]

The light irradiation device according to
any one of claims 1 to 4, further comprising

a laser light detection means for detecting
laser light going straight at the light diffusion

position according to the diffusion optical path
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changing member.

[Claim 6]

The light irradiation device according to
claim 5,

wherein the laser light detection means

includes a temperature detection means.

[Claim 7]

The light irradiation device according to
claim 5 or 6, further comprising

a laser light stop control means for
stopping emission of laser light of the laser light
source when the laser light detection means detects

laser light.

[Claim 8]

The light irradiation device according to
any one of claims 1 to 7,

wherein the diffusion optical path changing
member includes a reflection diffusion member
configured to convert laser light emitted by the
laser light source into diffusion light and reflect
the laser light.
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[Claim 9]

The light irradiation device according to
claim 8,

wherein in the reflection diffusion member,
a light transmission diffusion layer configured to
transmit and diffuse the laser light is formed on a

light reflection surface.

[Claim 10]

The light irradiation device according to
claim 9, further comprising:

a wavelength conversion member configured
to emit, by receiving laser light from the laser
light source, light of another wavelength band
different from the laser light;

a first output optical path configured to
reflect and diffuse laser light emitted by the laser
light source by the reflection diffusion member, and
direct the laser light toward the light output unit
without going through the wavelength conversion
member; and

a second output optical path configured to
irradiate the wavelength conversion member with laser
light emitted by the laser light source, and direct
light of another wavelength band emitted from the
wavelength conversion member toward the light output

unit.

[Claim 11]
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An image display apparatus comprising:

the light irradiation device according to
any one of claims 1 to 10;

an illumination optical system configured
to transfer light emitted from the light irradiation
device to an image formation member; and

a projection optical system configured to
enlarge and project an image formed in the image

formation member.



