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(57) Abréegée/Abstract:

A light source device comprising: a light source section (1) which generates any one of blue light, red light, and green light, a
phosphor (5) which generates a fluorescence including the two colors other than the color of the light emitted from the light source
section (1); a color-changing section (10) which changes one of the two colors of the fluorescence emitted from the phosphor (5)
to another color regularly and irradiates it to the image-forming element (13); and a light path-switching section (3) which switches a
ight path In which a fluorescence excited by the color light emitted from the light source section (1) passes towards the color-
changing section (10) and a light path in which the color light emitted from the light source section (1) passes towards the image-

forming element (13) regularly.
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- (87) Abstract: A light source device comprising: a
light source section (1) which generates any one of
blue light, red light, and green light; a phosphor (5)
which generates a tluorescence mcluding the two
colors other than the color of the light emitted from
the light source section (1); a color-changing section
(10) which changes one of the two colors of the
fluorescence emitted from the phosphor (5) to anoth-
er color regularly and 1rradiates it to the image-tform-
ing element (13); and a light path-switching section
(3) which switches a light path in which a tluores-
cence excited by the color light emitted from the
light source section (1) passes towards the col-
or-changing section (10) and a light path in which
the color light emitted from the light source section
(1) passes towards the image-forming element (13)
regularly.
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DESCRIPTION
TITLEE OF THE INVENTION
LIGHT SOURCE DEVICE AND PROJECTOR USING THE SAME

PRIORITY CLAIM

The present application is based on and claims priority from Japanese Patent Application

Numbers 2012-282475, filed on December 26, 2012, and 2013-182894, filed September 4, 2013.
TECHNICAL FIELD

10001]

The present invention relates to an improvement of a light source device which temporarily
irradiates each of blue light, red light, and green light to an iinage—forming element to form a color

image on a screen by the image-forming element, and a projector using the light soutce device.

BACKGROUND ART

(0002]

A projector which temporarily irradiates blue light, red light, and green light to an image-
torming element in order to form a color image on a screen by the image-forming element is

conventionally known (for example, registered Japanese patent No. 4711154).

10003]

The projector disclosed 1n the above JP patent No. 4711154 includes a blue laser diode, a
phosphor, and a dichroic mirror as a single light source section. The phosphor is configured of a
rotatable disk. The phosphor includes a phosphor area which generates green fluorescence by the

irradiation of a blue laser beam as excitation light, a phosphor area which generates red fluorescence

by the
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irradiaticn of excitation light, and a transmitting area which transruits a blue laser
beam. The areas are separated in order to provide each prescribed ungle.
[0004]

Light paths of the blue laser beam, green fluorescence, and red
- fluorescence are concentfated by the dichroic mirror, and cach of the blue laser
beam, green fluorescence, and red fluorescence temporarily irradiates the
image-forming element. Thereby, a color image is formed on the screen surfacef
[0005]

However, in the conventional projector, it is necessary to form each
- fluorescence ‘area and transm.itting area cn the phosphor. Therefore, the
manufacturing process of the phosphor is complicated.
. In addition, because the angle size of the fluorescence area which 1s
formed on the phosphor and the angle size of the transmitting area may differ
according to the type of projector, it is necessary to manufacture the phosphor to
be configured of a fluorescence area having a different angle for each type of
projector. As such, control of the phosphor is complicated. .

SUMMARY OF THE INVENTION

(0006] '
- [t is, therefore, an object of the present invention to provide a light source
device in which a manufacturing process of a phosphor can be simplified, a
configuration of an optical system can be simplified, and layout freedom can be -
improved, and a projector using the light source device. The light source device
includes 2 single light source section and is capable of genereting a color 1image
without separating a ﬂuorescence area of the phosphor into an area which emits

green fluorescence and an area which emaits red fluorescence.

[0007]
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A light source device according to the present invention irradiates blue light, red light, and

green light in turn on an image-forming element and forms a colot image on a screen by the image-

forming element, comprising:

a light source section which generates any one of the blue light, the red light, and the green
light;

a phosphot holder provided with a first phosphor part that generates first fluorescence
irradiated by light of a color component emitted from the light source section and different from the
light of the color component, and a second phosphor part that generates fluorescence containing
two color components, irradiated by the light of the color component emitted from the light source

section, and different from the light of the color component and from the first fluorescence; and

a color component switching part that irradiates the image-forming element by switching

light of a predetermined color component generated by the light source section, the first
fluorescence generated by the first phosphor part, second fluorescence as fluorescence of a color

component in any of the fluorescence of the two color components generated by the second

phosphor part, and fluorescence containing the two colot components generated by the second

phosphor patrt.

BRIEF DESCRIPTION OF THE DRAWINGS

(0008]

FIG. 1 1s an optical view illustrating a main configuration of an optical system of a projector

according to Embodiment 1 of the present Invention.

FIG. 2 1s a plan view of a light path-switching disk of the projector shown in FIG. 1.

FIG. 3 1s a side surface view of the light path-switching disk of the projector shown in
FIG. 1.
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FIG. 4 is a plan view of a color-changing disk of the projc‘qj[grrm shown inJ
FIG. 1.

FIG. 5 is an explanatory view illustrating a relationship between an angle
of a transmitting area and an angle of a reflecting area of the light path-switching
disk shown in FIG. 2.

FIG.-6 1s an explanatory view illuétrating a relationship between an angle
of a reflecting-area of blue light and an angle of a reflecting area (.)f-red light of a
color component-changing disk.

FIG. 7 is an explanatory view illustrating an example of a ratio of
irradiation time of the blue light, the green light, and the red light which are
irradiated to an image-forming element by the light path-switching disk shown in
FIG. 5 and the co'lor-changihg disk shown i1n FIG.. 6.

FIG. 8 is an optical view showing a modified example of an optical system
of the projector according to Embodiment 1 of the present invention.

FIG. 9 is a plan view of a light path-switching disk of the projector shown
in FIG. 8.

. FIG. 10 is a side surface view of the light path-switching disk shown in
FIG. 9.

FIG. 11 is a plan view of a color-changing disk of the projector shown in
FIG. 8.

FIG. 12 is an optical view illustrating a main configuration of an optical
system of a projector according to Embodiment 2.

FIG. 13 is a plan view of a light path-switching disk of the projector
shown 1n FIG. 12.

FIG. 14 is a side surface view of the light path-switching disk shown in

FIG. 13.
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FIG. 15 is a plan view of a color-changing disk of the projector shown in
- FI1G. 12.

FIGS. 16A-16B are. optical views illustrating another example of a light
source section in which laser beaxhs emitted from the light source section of the
projector shown in FIGS. 1, 8 and 12 are concentrated.

FIG. 17 1s an optical view illustrating a main configuration of an 'optical
system of a projecter according to Embodiment 3 of the present invention.

FIG. 18 1s an explanatory view which schematically illustrates a
relationship between a light path-switching disk and a beam spot on the disk
according to Embodiment 3 of the present invention.

FIG. 19 is an explanatory view which schematically illustrates a
relationship between a color-changing disk and a beam spot on the disk according
to Embodiment 3 of the present invention.

FIG. 20 1s an explanatory view 1llustrating another example of the
color-changing disk.

FIG. 21 1s a timing chart which schematicaliy 1llustrates a mixture of color
~occurring 1n the case where the beam spot on the light path-switching disk and the
color-changing disk according to Embodiment 3 of the present invention crosses
boundary areas of the disks.

FIG. 22 1s a timing chart which schematically 1llustrates an example to
avoid the mixture of color generated 1n the case where the beam spot on the light
path-switching disk and the color component disk according to Embodiment 3 of
the present invention crosses the boundary areas of the disks.

FIG. 23 1s an explanatory view illustrating another example of a phosphor

according to Embodiment 3.

DESCRIPTION OF EMBODIMENTS

[0009]
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(Embodiment 1)

FIG. 1 is an optical view illustrating a main configurétion of an optical
system of a projector which i1ncludes a light soﬁrce device according to
Embodimenf l of the present invention. In FIG. 1, num.e‘ral 1 represents a light
source section. The light source section 1 i1s schematically configured of a laser
‘diode (LD) as a laser light source, a coupling lens 1b, and la light-condensing lens
lc.

[0010]

A plurality of laser diodes la is disposed on a driving circuit board 2, and
the coupling lens 1b 1s disposed corresponding to each laser diode la. A laser
beam erﬁitted from the laser diode la is concentrated by the coupling lens 1b to be
a parallel light flux and guided‘t'o the light-condensing lens lc.

[0011]

The light-condensing lens 1¢ concentrates the laser beam after becoming a
parallel light flux through each coupling lens 1c. The laser diode la emits a blue
(B) laser beam BP as one of blue (B) light, red (R) light, and green (G) light.
However, a laser diode which emits a green laser beam and/or red iaser beam can
be used similarly. Also, a light-emitting diode (LED) can be used instead of the
1aser diode (LD).

[0012]

. A light path-switching disk 3 as a light path-switching section is disposed
in a light path of the blue laser beam BP emitted from the light source Sectio‘n 1.
The laser beam BP irradiates the light path-switching disk in a spot form. The
size of the spot of the laser beam BP is determined to be an appropriate size

capable of avoiding color mixing and so on.

[0013]
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The light path-switching disk 3 1s configured of a rotatable disk for
switching the light path in turn and includes a reflecting area 3a and a fré‘hsmitting
area 3b divided in a rotational direction, as shown 1in FIG. 2. The light
path-switching disk 3 is disposed at ah angle (herein, 45 degrees to the optical
axis) to an optical axis of the light-condensing lens lc.

[0014]

| The light path-switching disk 3 1s, for example, as shown in FIG. 1, driven
to rotate by a stepping motor 4 of a driving source. In this regard, in FIG. 2,
numeral 4a représents a driving axis. .

As shown in FIG. 3, a reflecting coat 3d is formed on the reflecting areé
3a of the light path-switching disk 3 on the surface which receives the blue laser
beam BP. . ‘

- [0015]

A reflecting coat 3e is formed on the transmitting area 3b of the light
path-switching disk 3 on the surface which receives the blue. laser beam BP. A
dispersing coat 3f i1s formed on the opposite surface to the reflecting coat 3e.
The dispersing surface 3f is applied for reducing speckling of the laser beam BP.

Instead of providing the dispersing surface 3f on the light path-switching
‘disk 3, a rotating dispersing plate can be provided.

[0016]

The light path of the blue laser beam BP which 1s reflected by the
reflecting area 3a is the péth in which the blue laser beam BP i1s emitted .from the
light source section 1 which irradiates a phosphor 5.

Herein, the phosphor 5 is configured from a rotatable disk. In FIG. 1,
numeral 6 represents a stepping motor as a driving source for the phosphor.

[0017]
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A fluorescent coat 5a is applied on the phosphor. 5. The fluorescent coat
5a generates green ﬂuoreséence and red fluorescence which are different from the
blue laser beam BP, by the irradiation of the blue laser bcain BP emitted from the
light source section 1.

By the -rotatio_n of the phosphor 5, thé d-eterioration of the fluorescent coat
5a due to the laser beam irradiating the same spot continuously for a long time can
be prevented. For the fluorescent cbat S5a, for example, a mixture of a tluorescent
material which generates green fluorescence and a fluorescent material which
generates red fluorescence by being excited tthugh the irradiation of the blue
laser beam is applied. However, it 1s not limited to the above..

For example, a fluorescent material having a characteristic of a

fluorescence range over a wavelength of green and a wavelength of red can be

used.
[0018]

A light-condensing lens 7, a dichroic mirror 8, and a light-condensing lens
9 are disposed in the light path in which the blue laser beam BP is reflected tdward
the phosphor 5. The light-condensing lens 7 concentrétes the blue laser beam BP
which is r‘eflecte‘d by the reflecting area 3a and converts it into a parallel light flux
BP”.
[0019]

The dichroic mirror 8 transmits the blue laser beam BP and guides it to the
phosphor 5. The dichroic mirror 8 reflects fluorescent light of another color than
blﬁe and guides it to a color component-changing disk 10, as a color-changing
section.

In Embodiment 1, the color-changing disk 10 switches the green
.fluorescence GP and the red ﬂuorescen-ce RP. The light-condensing lens 9

concentrates the parallel light flux BP” on the phosphor 5 in a spot form,
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concentrates the fluorescence emitted from the phosphor 5, and converts it into a -
parallel light flux LP’.

In Embodiment 1, a fluorescence YP is excited by light having each color -
emitted from the light source section 1. A light path in which a fluorescence YP
passes towards the color-changing disk 10 through the light-condensing lens 9, the
dichroic mirror 8, and the light-condensing lens 11 1s formed.

[0020]

The light-condensing lens 11 is disposed between the dichroic mirror 8
and the color-changing disk 10. The ﬂuoresceﬁce which 1s reflected by the
dichroic mirror 8 1s concentrated by the light-condensing lens 11 and irradiates to
the color-changing disk 10. Herein, the color-changing disk 10 is disposed at an
.angle to the optical .axis of the light-condensing lens 11.

[0021] .

As shown 1n FIG. 4, the color-changing disk 10 is configured of a
rotétable disk for changing color 1n turn. In the disk, a reflecting area 10a and a
reflecting area 10b are formed to be divided in the rotating direction. The
reflecting area 10a reflects the green fluorescence GP, absorbs the red
fluorescence RP, or transmits the red fluorescence RP, and the reflecting area 10b
reflects the red fluorescence RP and absorbs the green fluorescence GP or
transmits the green fluorescence GP. The color-changing disk 10 is also driven
to rotate by the stepping motor 12 as a driving source, for example. In
Embodiment 1, the color-changing disk 10 reflects both of green and red
fluorescence GP and RP but it is not limited to the above. It can be configured to
reflect one of fluorescence GP and fluorescence RP and transmit the 6ther. In

FIG. 4, numeral 12a represents the driving axis.

[0022]
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- The blue laser beam BP after passing through thé transmitting area- 3b -
passes through a light path in which the blue laser beam BP emitted from the light
source section 1 irradiates an image-forming panel 13 as a conventional
image-forming element (for example, a digital micromirror micro device DMD).
That is, the light path is suchh that light having each color emitted from the light
sourée section 1 passes towards the image-forming element. .

[0023]

- A light-condensing lens 14 is disposed in the light path. The
[ight-condensing lens 14 converts the blue laser beam BP which has transmitted-
through the light path-switching disk 3 into a parallel light flux BP”, and guides
the parallel light flux BP” to a dichroic mirror 15.

[0024]

A light-condensing lens 16 1s disposed ahead of the passing direction of
the green fluorescence GP and the red fluorescence RP which are retflected by the
color-changing disk 10. The light-condensing lens 16 concentrates the green.
fluorescence GP and the red fluorescence RP, converts them into a parallel light
flux LP”, and guides it to the dichroic mirror 15. Herein, the dichroic mirror is
disposed at an angle to the optical axis of the light-condensing lenses 14 and 16.
[0025]

The dichroic mirror 15 1s disposed on the light path between the
‘1mage-forming panel 13 and the color-changing disk 10. The dichroic mirror 15
concentrates the light path of the parallel light flux BP” as blue light and the light
path of the parallel light flux LP” as lgreen (or red) light and guides it to the
image-forming panel 13, as a mirror for light-path concentrating.

[0026]
The parallel light fluxes BP” and LP” whose light paths are concentrated

through the dichroic mirror 15 are concentrated by a light-condensing lens 17 and
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guided to the conventional light tunnel 18. The light tunnel 18 is ‘a'n (')pti:cal
member for preventing the 1rregularity of light quantity which lowers the
irregularity of light quantity. Herein, a fly-eye lens can be used instead of the .
light tunnel 18.

[0027]

The'light which passes through the light tunnel 18 becomes a parallel light
flux through a light-condensing lens 19. The light is reflected by a reflecting
mifror 20 and guided to the image-forming panel 13. The image-forming panel
13 is, for example, controlled by a conventional image generation part GE, for
example. The light having each color i1s reflected by thé image-forming panel 13
and irradiates a screen S through a projecting lens 21. Thereby, a color image is

enlarged and formed on the screen S.

[0028]

- The relationship between the timing between the light path-switching disk
3 and the color-changing disk 10 is described 1n detail with reference to FIGs. 5-7.
The light path-switching disk 3 and the color-changing disk 10 rotate in
synchronization at the same rotational speed. As shown in FIG. 5, an angle ¢B of
the transmitting- area 3b 1s determined fo maintain the time tB (see FIG. 7)
corresponding to the transmitting area 3b which transmits the laser beam BP
having a blue component. An angle ¢GB of the reflecting area 3a has the
remaining angle (360-¢B).
[0029]
While the blue laser beam BP passes through the transmitting area 3b of
the light path-switching disk 3, the laser beam BP does not irradiate the phosphor

5, therefore, the phosphor 5 does not emit fluorescence.
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While the blue laser beam BP is reflected by the reflecting area 3a, the
laser beam BP irradiates the phosphor 5 and the phosphor 5 generates
fluorescence.

[0030]

The time tGB in which the laser beam irradiates the phosphor 5
corresponds to the angle ¢ GB of the reflecting area 3a. Herein, as shown in FIG.
6, one of boundary lines ql and q2 1s determined to locate in the transmitting érea
3b of.the light path-switching member. The boundary lines ql and g2 are the
borderlines between the reflecting area 10a which reflects the green fluorescence
GP and the reflecting area 10b which reflects the red fluorescence RP.

[0031]

Next, the other borderline of boundary lines ql and q2 is determined to
locate in the place where it 1s capable of having the ratio of a time tG and tR which
is required for irradiating the fluorescence GP and fluorescence RP. When the
boundary lines ql and q2 are determined as described above, a wide setting range
can be obtained for the position of the boundary gl upon designing. Therefore,
even if the angles of the reflecting areas 10a and 10b of the color-changing disk 10
are not determined accurately, the necessary time for generating the blue light B,
green light G, and red light R can be obtained by regulating the rotation timing of
the light path-switching disk 3 when assembling the projector, as shown in FIG. 7.
[0032]

In Embodiment 1, the light path-swifching disk 3 1s configured to rotate to
change the light path periodically, and also the color-changing disk 10 1s
.confi‘gured to rotate fo change colors periodically. However, it is not limited to
the above. For example, the light path-switching disk 3 and the color-changing

disk 10 can be configured to reciprocate periodically.

[0033]
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(Modified example of Embodiment l-)

FIG. 8 illustrates a modified example of the optical system according to
Embodiment 1. The phosphor 5 is disposed .in the transmitting light path in
which the blue laser light BP which has transmitted through the transmitting area
3b of the light path-switching disk 3 travels. Also, a dichroic mirror 15 is
disposed in the reflecting light path in which the blue laser beam BP which is
reflected by the reflecting area 3.a of the light path-switching disk 3 travels. In
~ other words, a light path in which the light emitted from the light source section 1
travels towards the 1mage-forming element through the light-condensing lens 14
.. and the dichroic mirror 15 1s disposed. And also, a light path in which the
fluorescence excited by the color light emitted from the light source section 1
travels towards the color-changing disk 10 thfough the light-condensing lens 9,
dichroic mirror 8 and light-condensing lens 11 is disposed.

[0034]

In the modified example, as shown 1n FIG. 9, the angle of the reflecting
area 3a is similar to the angle of the transmitting area 3b shown in FIG. 2. The
angle of the tran.srnitt-ing area 3b 1s similar to the angle of the reflecting area 3a
shown in FIG. 2.  As shown in FIG. 10, a reflection-preventing coat 3e is formed
on both surfaces of the transmitting area 3b of the light path-switching disk 3.
[0035]

As shown 1n FIG. 10, a dispersing surface 3f is formed in the reflecting
areca 3a on the surface on which the laser beam BP irradiates and a
reflection-preventing coat 3d is formed on the Oppesite surface.

Herein, the color-changing disk 10 includes a.transmitting area 10a’ which
transmits the green fluerescence GP and blocks the transmission of the red

fluorescence RP, and a transmitting area 10b’ which transmits the red fluorescence

RP and blocks the transmission of the green fluorescence GP.
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10036]

The angle of the transmitting area 10a’ 1s similar to the angle of the
reflecting area 10a shown in FIG. 4, and the angle of the transmitting area 10b’ 1s
similar to the angle of the reflecting area 10b shown in FIG. 4. The
color-changing disk 10 is disposed in the direction which is perpendicular to the
light path of the light-condensing lenses 11 and 16. A feflecting mirror 22 for
turning the light path is disposed between the light-condensing lens 16 and the
dichroic mirror 15. A reflecting mifror 23 for turning the light path 1s disposed
between the light-condensing lens 19 and tﬁe reflecting mirror 20.

[0037]

The function of the optical system of the prOje‘ctor shown in FIG. 8 1is
similar to fhe function of the optical system of the projector as shown in FIG. 1, so
the description of the function is omitted herein. As described above, accdrding
to the present invention, the phosphor 5 can be disposed on each of the
transmitting light path and the reflecting light path of the laser beam BP in the
light path-switching disk 3. Thereby, it is possible to have more choice in the
layout of each of the optical_elements..

[0038]
[Embodiment 2]

FIG. 12 is an optical view illustrating an optical system of a projector
according to Embodiment 2 of the present invention. Herein, a dichroic mirror
which transmits the blue laser beam BP and guides it to the light path-switching
~disk 3, and reflects the light of another color than blue and guides 1t to the

color-changing disk 10 is disposed between the light path-switching disk 3 and the

condensing lens lc.

10039]
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A concave lens l¢’ which 'conv.erts the laser beam BP ihto the parallel
light flux is disposed between the light-condensing lens 1c¢ and the dichroic mirror
.8. The light path-switching disk 3 includes a reflecting area 3a on which the
fluorescent coat S5a 1s applied'and a transmitting area 3b on which a fluorescent
coat is not applied as illustrated in FIGs. 13, 14.

[0040]

Similar to Embodiment 1, a reflection-preventing coat 3e 1s formed in the
transmitting area 3b. on the surface in whiéh the laser beam BP irradiates. A
light-condensing lens 9 is disposed between the dichroic mirror 8 and the' light
path-switching disk 3.

[0041] '

The light-condensing lens 9 concentrates the parallel light flux of the laser
beam BP on the light path-switching disk 3 1n a spot form and concentrates th¢
fluorescence generated through the reflecting area 3a of t.he light path-switching

disk 3 and converts it into a parallel light flux.

10042]

The laser beam BP which has transmitted through the transmitting area 3b
of the light path-switching disk 3 becomes a parallel light flux through the
light-condensing lens 9’ and is guided to the dichroic mirror 15 thrbugh the
reflecting mirrors for light-path turning 22’ and 22.

[0043]

"The fluorescence RP including the green fluorescence GP and red
fluorescence RP which is generated through the reflecting area 3a of the light
path-switching disk 3 is guided to the color-changing disk 10 through the dichroic
mirror 8. -

The color-changing disk 10 i1s, as shown .in FIG. 15, configured of a

rotatable disk for changing the color component in turn. The rotatable disk
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includes a transmitting area 10a’ and a transmitting area 10b” which are divided
with an angle to the erationél direction. The transmitting area 10a’ transmits the
green fluores.cence GP and abscorbs or reflects the red fluorescence RP and the
transmitting area 10b’ transmits the red fluQrescence RP and absorbs or reflects
the green fluorescence GP.

10044 ]

The light-condensing lenses 11 and 16 are disposed between the dichroic _
mirror 8 and dichroic mirror 15. The color-changing disk 10 is disposed befween
the light-condensing lenses 11 and 16, and rotates on the plan perpendicular to the
optical axis of the light-condensing lenses 11 and 16.

According to E.I'nbodiment 2, a light path in which the color light emitted
from the light source section 1 passes towa'rds the image-forming elefnent through
the light-condensing lens 9°, reflecting ﬁlirror 22°, reflecting mirror 22, dichroic
mirror 15, and the light-condensing lens 17’ is formed.

The light ﬁath in which the fluorescence excited by the light having color
emitted from the light source section 1 passes towards the color-changing disk 10
through the l‘ight-c‘ondensing lens 9, dichroic mirror 8, and light-condensing lens
11 1s formed.

[0045]

According to Embodiment 2, the phosphor 5 and the light path-switching
disk 3 can be configured integrally so that the number of the driving sources as the
driving element for rotation can be lowered, compared with Embodiment 1 and the
modified example of Embodiment 1. Therefore., the optical elemeﬁt of the optical
system can be simplified.

[0046]
In Embodiments 1 and 2, the light-condensing lens 1c 1s disposed in the

light source section 1 and the laser beam BP 1s concentrated on the light
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'path-switching disk 3. However, the co_n.figurations are not always' limited to the
above. For example, as shown i1n FIG 16A, 1t can be configured such that the
incident position of the laser beam BP which enters the coupling lens 1b i’s
provided at the eccentric position frofn the center of the opt_ic'al axis of the
coupling lens and concentrates the light on the light path-switching disk 3 without
' providing the condensing lens 1c¢ in the light source 1.

[0047]

In addition, as shown in FIG. 16B, the laser diode la and the cbupling lens
1b can be disposed in a concentrating fashion so that the light is concentrated on
the light path-switching disk 3. Various configurations can be applied for such
an optical system which concentrates the light by using the laser diode la,
coupling lens 1b and'light-condensing lens Ic.

Moreover, the relationship between the transmission and reflection of the
dichroic mirrors 8 and 15 can be determined freely according to the configurations
of the optical system as long as it does not exceed the range of the purport of the

present invention.

[0048]

As described in above Embodiments 1 and 2, the light source section 1 can
be configured 1n only one variation so that the cooling configuration of the light
source section 1 can be simplified.

[0049]

In addition, the phosphor 5 is also configured in one variation and it is
uhnecessary to divide a fluorescence area of the phosphor 5 in more than two
variations. Thereby the phosphor 5 can be made simply. Corisequently, it 1s
possible to have more choice for the layout of each of the optical elements and to

minimize the projector.

[0050]
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[Embodiment 3]

FIG. 17 1is an optical view which illustrates schematically the
configuration of the optical system of a projector having a light source device
according to Embodiment 3 of the present invention.

In FIG. 17, the same numerals and symbols are indicated tor elements

having similar configurations to Embodiment 1.

[0051]

A light source section 1 is configured of a laser diode 1a (LD), a coupling

~ lens 1b, and a light-condensing lens lc.

A plurality of laser diodes la 1s disposed on a driving circuit board 2 and
the coupling lens 1b is disposed on each laser diode 1a.
1[0052]

A laser beam emitted from the laser diode 1a is concentrated through the
coupling lens 1b and guided to the light-condensing lens lc as a parallel light flux.

The laser diode 1a emits blue laser beam BP.

[0053]

In ;[he light path in.which the blue laser beam BP emitted from the light
source section 1 passes, a light path-switching disk 3 which regularly switches the
light path through which the color light is emitted from the light source section 1
passes is formed. The light path 1s switched between the l,i'ght path .where
fluorescence excited by'the blue light emitted from the light source section 1
passes and the light path where the blue light emitted from the light source section
1 passes towards an image-forming panel 13 as an image-forming element.

10054 ]

As shown in FIG. 18, a beam spot BSP i1s formed by the irradiation of the

| laser beam BP on the light path-switching disk 3. The light path-switching disk 3

is configured of a rotatable disk for switching the light path in turn. The
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 rotatable disk includes a reflecting area 3a and a transmitting area 3b, which are
- divided in the rotational direction.

-

[0055]

The light path-switching disk 3 is'disposed at an angle to the optical axis
of the light-condensing lens lc¢. The light _path-switching disk 3 1s driven to
rotate .by the stepping motor 4.

[n the light path through which the blue laser diode BP reflected by the
reflecfion area 3a of the light path-switching disk passes, the blue laser beam BP
emitted from the light source section 1 passes towards a light tunnel 18.

10056]

In the light path through which the blue iaser beam BP has transmitted

through the transmission area 3b of the light path-switching disk 3, the blue laser

beam BP irradiates the phosphor 5.

[0057]

In the light path in which the blue laser beam BP emitted from the light
source section 1 1s .guided to the light tunnel 18, a light-condensing lens 16,
dichroic mirror 15’ for light-path combining, and light-condensing lens 17° are

disposed.

[0058]

A color-changing disk 10 1s disposed betweeh the light tun.nel 18 and the
light-condensing lens 17°. The cblor-changing disk 10 1s equally divided into
four segments.

[0059]

The dichroic mirror 15° transmits the blue laser beam BP and reflects
fluorescence RP and GP generated through the phosphor 5. A lighfpath in which

the color laser beam BP emitted from the light source section 1 passes towards the
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image formation elemenf through the light-condensing lens .16’, dichroic mirror
157, and light-condensing lens'-l’/" 1s disposed.
[0060]

The dichroic mirror 8’ transmits the blue laser beam BP and reflects the
'ﬂuorescenceRP and GP. The fluorescence RP and GP-whic‘h 1s reflected by the
dichroic mirror 8’ 1s reflected by the reflecting mirror 22’ and guided to the
dichroic mirror 15°.

'[0061]

In Embodiment 3, 1n the l.ight path forméd through the light-condensing
lens 9°, dichroic mirror 8’, reflecting mirror 22°, dichroié mirror 15°, and
light-condensing lens 17°, the tluorescence RP and GP excited by the color light
emitted from the light source section 1 passes towards the color-changing disk 10.
10062 ]

The color-changing disk 10, as shown in FIG. 19, includes a transmitting
area 10c, a transmitting area 10d, and a transmitting area 10e. The transmitting
area 10c transmits the lase'r. beam BP and blocks transmission of both of
tfluorescence GP and RP, the transmitting area 10d transmits yellow fluorescence
YP (both of tfluorescence GP and RP) and blocks transmission of the laser beam
BP, the transmitting area 10e transmits the fluorescence GP and blocks
transmission of the laser beam BP and the fluoresccnce RP, and the transmitting

area 10f transmits the tluorescence RP and blocks transmission of the laser beam

BP and fluorescence GP.
10063

The transmitting areas 10c to 10f are configured from an arc-like area.
The angle of the arc to the center O” of the arc-like area 10c is, for example, 75
degrees. In addition, the arc-like areas 10d to 10f are formed to have equal

angles. The angle thereot to the center O” is, for example, 95 degreés.



CA 02896212 2015-06-22

WO 2014/104385 21 PCT/JP2013/085309

[0064]

The laser beam BP is reflected when the reflecting area 3a of the light
path-switching disk 3 crosses through the light path of the laser beam BP, and is
guided to the transmitting area 10c of the color-changing disk 10 through ‘the
light-condensing lens 16°, dichroic mirror 157, and light-condensihg lens 17°.
|00635]

T'he laser beam BP is transmitted when the transmitting area 3b of the
light path-switching disk 3 crosses the light path of the laser beam BP and 1S
'guided to the phosphor 5 through the light-condensing lens 7°, dichroic mirror 8°,

and light-condensing lens 9°.

[0066]

I'he phosphor 5 1s excited by the laser beam BP and generates the
fluorescence RP and GP. The laser beam BP and fluorescence RP and GP are
guided to the dichroic mirror 8’ and the fluorescence RP and GP is reflected by the
dichroic mirror 8°. ‘The reflected fluorescence RP and GP is further reflected by

the reflecting mirror 22’ and guided to the dichroic mirror 15°.

[0067]

The light paths of the laser beam BP and fluorescence RP and GP are
concentrated through the dichroic mirror 15°. The tfluorescence RP and GP are
guided to the transmitting areas 10d, 10e and 10f of the color-changing disk 10

through the light-condensing lens 17°.

[0068]

Each color light which has transmitted through each transmitting area 10c
to 10f ot the color-changing disk 10 is incident on the light tunnel 18.
The distribution of the light amount of each color light is averaged during

traveling 1n the light tunnel 18. Each color light emitted from the light tunnel 18
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becomes a parallel light flux by the light-condensing lens 1'9. The light isi
reflected by the reﬂecting mirror 22 and guided to the image-forming panel 13.
[0069]

The image-forming panel 13 is controlled by the image generation pért GE.
Each color light is reflected by the imagé-forming panel 13 and irradiatéd to a
screen S through the projector lens 21. Thereby, as shown in FIG. 19, each color
light‘ having a B, R,‘ G,Y component is formed while the color-changing disk 10
rotates one revolution and the color image is enlarged and displayed on the screen
S. -

- [0070]

In Embodiment 3, the color-changing disk 10 is disposed between the light
tunnel 18 and the light-condensing lens 17’ so that the light-condensing lens 17f
can be used together with the light-condensing lens 11 for the color-changing disk.
Namely, the light-condensing lens 17 originally provided in the optical system
shown in FIG. 1 and the optical system shown in FIG. 8 is also used for the

condensing lens 11. Thereby the simplification of the optical system can be -

achieved.

[0071]

(Modified embodiment of color-changing disk)
In FIG. 19, the color-chahging disk 10 is configured of the four segments

of the transmitting areas 10c to 10f. However, the color-changing disk 10 1s

basically disposed in order to generate fluorescence RP and GP from the

fluorescence YP.

[0072]

The fluorescence YP and the laser beam BP can be switched by the light
path-switching disk 3. Accordingly, it is not necessary to switch the

fluorescence YP and the laser beam BP by the color-changing disk 10.
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[0073]'

Furthermore, if the fluorescence YP and the laser beam BP are generated
separately to each other, the fluorescence GP and RP exists between the
fluorescence YP and laser beam GP by the color-changing disk 10. Therefore,
the number of segments of the color-changing disk 10 becomes four.

[0074]

However, 1f the blue l"ight B generated from laser beam BP and yellow
licht Y generated from the fluorescence YP are generated adjacently to each other,
the number of segments of the color-changing disk 10 can be reduced from 4
segments to 3 segments. Thereby, the number of manufacturing processes of the
color-changing disk 10 can be reduced and cost reduction can be achieved.

[0075]

FIG. 20 illustrates an example of the three-segment color-chahging disk
10. Herein, as shown in FIG. 20, the color-changing disk 110 includes an arc-like
area 10W configured of a cutout or a transparent area, an arc-like area 10e which
transmits the fluorescence GP and blocks transmission of the laser beam BP and
fluorescence RP, and an arc-like area 10f which transmits fluorescence RP and
blocks transmission of the .laser beam BP and fluorescence GP.

With the use of the color-chénging disk 10 shown in FIG. 20, as described
above, the laser beam BP and fluorescence YP can be switched by the light
path-switching disk 3 solely.

10076]
(Control for preventing color mixing by image generation part GE)

As shown in FIGs. 18 and 19, the beam spots BSP and BSP’ are formed on
the light path-switching disk 3 and the color-changing disk 10. The beam spots
BSP and BSP’ have a predetermined size.

[0077]
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As shown 1n FIG. 18, the beam spot BSP straddles both of the:.r‘e:ﬂectiyng |
area 3a and transmitting area 3b near the boundaries rl and r2 which are between
the reflecting area 3a and the transmitting area 3b of the light path-switching disk.
10078]

In addition, as shown in FIG. 19, the beam spot BSP’ straddles the
transmitting areas which are disposed adjacently to each other near the boundaries
r3 to r6 between the transmitting areas 10c¢ to 101 of the color-changing disk 10.
[0079]

On the boundaries rl to r6 on which the beam spots BSP and BSP’ straddle,
the light of each different color are incident on the light tunnel 18 at the same time,
therefore, mixing of colors occurs. FIG. 21 is a timing chart which schematically
1llustrates the relationship between the color mixture, the light path-switching
disk 3, and the color-changing disk 10.

[0080]

The duration of the color mixing 1s decided according to the diameters of
the BSP and BSP’ provided that the rotation numbers of the light path—switching
disk 3 and the color-changing disk 10 conform to each other and the rotation
numbers per one unit of time remain constant.
|0081]

(Description of color mixture caused By light path-switching disk 3)

An angle which 1s formed by two tangential lines to the radial direction
rl’ and r1” is 8s. The two tangential lines r1’ and r1” pass through the rotation
center O of the light path-switching disk 3 and have contact with the circle of the:
beam spot BSP. In addition, the rotation angle 0 of the light path-switching disk
31s 0 de'grees when the boundary r1 conforms to the tangential line i1n the radial

direction r]’.

[0082]
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In the above circumstances, when the light path-switching disk 3 rotates in
the direction indicated with the arrow Z1, as shown in FIG. 21, the mixing of the
fluorescence YP and laser beam BP starts. As the rotation angle 0 of the light
path-switching disk 3 becomes larger, the light amount of the fluorescence YP
decreases and the light amount of the laser beam BP increases.

[0083]

When the light path-switching disk 3 further rotates in the same direction,
the rotation angle 6 of the light path-switching disk 3 becomes the same angle as
Os, the boundary rl becomes identical to the tangential line in the radial direction
rl”, and the light amount of fluorescence YP which is guided to the
color-changing disk 10 becomes zero. The light amount of the laser beani BP
which 1is guided to the color-changing disk 10 becomes stable as 1. Color mixing
occurs while the boundary rl crosses the beam spot BSP. For convenient
description, the above mixture 1s represented as mixture 1.

[0084]

Furthermore, wh.ile the light path-sw‘itching disk 3 rotates and the
boundary r2 corresponds to the tangential line r1’°, the beafn spot BSP i1s incident
on only the reflecting area 3a of the light path-switching disk 3. Thereforc, the
light amount of the laser beam BP which is guided to the color-changing disk 10
remains stable as 1.

[0085]

When the light path-switchihg disk 3 further rotates and the boundary r2
corresponds to the tangential line in the radial direction r1’°, a part of the beam
spot BSP starts being incident on the transmitting area 3b of the light
path-switching disk 3.

[0086]
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Thereby, the light amount of the laser beam BP which is guilded to the
color-changing disk 10 decreases and the light amount of fluorescence YP which is
gu-ided to the color-changing disk 10 increases. While the boundary r2 crosses
the beam spot BSP, color mixing also occurs. Such a mixture is represented as
mixture 2.

10087]

When the boundary r2 of the light path-switching disk 3 corresponds to
the téngential line to the rad.ial direction r1”, the beam spot BSP is not incident on
the retlecting area 3a of the light path-switching disk 3. Therefore, the light
amount of the laser beam BP which is guided to the color-changing disk 10
becomes zero. Oh the other hand, the light amount of the fluorescence YP which
1s guided to the color-changing disk 10 becomes stable as 1. During the rotation
of one revolution of the light path-switching disk 3, the above-described color
mixtures 1 and 2 occur.

[0088]
|[Description of color mixture caused by color-changing disk 10]

For co'nvenience,‘ the spot diameter of the beam spot BSP’ of the laser
beam BP which 1s incident on the color-changing disk 10 is represented as ¢’ = o.
That 1s, the angle formed by the tangential lines in the radial direction r3’ and r3”
having contact with the beam spot BSP’ is represented as 9s.
|10089]

The light path-switchiﬁg disk 3 and the color-changing disk 10 rotate in
synchronization in a state such that the rotational. phases of the boundary rl
(boundary r2) and boundary r3 are conformable. In other words, the boundary r3
of the areas in the color-changing disk 10 and the boundary rl of the areas in the

light path-changing disk 3 correspond one by one and rotate to synchronize their

own phases.
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10090 ]

Herein, when the boundary r3 correspohds to the. tangential line in the
radial direction r3’, the angle 8 = 0 degrees. When the color-changing disk 10
rotates in the direction indicated with the arrow 72, the fluorescence YP and laser
beam BP staft mixing and the color mixture 1 continues while the angle 6 of the
color-changing disk 10 is between 0 to 0s.
 [0091]

That 1s, during the latter half of the projecting time of the fluorescence YP
by the color-changing disk 10, the color mixture 1a occurs because the laser beam
BP 1s merged to the fluorescence YP. During the first half of the projecting time
of the fluorescence YP by the color-changing disk, the color mixture 1b occurs
‘because the fluorescence YP is merged to the laser beam BP.

[0092]

Furthermore, while the color-changing disk 10 rotates in the direction
indicated with the arrow Z2 and the boundary r4 corresponds to the tangential line
in the radius direction r3’°, only the laser beam BP is guided to the light tunnel 18.
During the above term, because only th.e laser beam BP is guided to the light
tunnel 18, color mixing by the color-changing disk 10 does not occur.

10093 ]

Furthermore, during the term from which the color-changing disk 10
rotates and the boundary r4 cofresponds to. the tangential line in the radial
direction r3° to which the boundary r4 corresponds to the tangéntial line 1n the
radial direction r3”, the color mixture 2 by the light path-switching disk 3
continues.

[0094]
That 1s, during the latter half of the projecting time of the laser beam BP

by the color-changing disk 10, the color mixture 1lc occurs because the
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fluorescence RP is merged to the laser beam BP. During the first half of the
projéct'ing time of the fluorescence RP by the color-changing disk 10, a color
mixture 1d occurs because .the laser beam BP is merged to the fluorescence RP.
10095]

During the term from which the color-changing disk 10 further rotates and
the boundary r4 corresponds to the tangential line in the radial direction r3” to
which the boundary 5 corresponds to the tangential line in the radial direction r3°,
color mixing does not occur because the laser beam BP irradiates only the
transmitting area 10f of the color-changing disk 10, and only the fluorescence RP
1s guided to the light funnel 18.

[0096]

During the term from which the color-changing disk 10 further rotates and
the boundary r5 corresponds to the tangential line in the radial direction r3’ to
which the boundary -5 correspvonds to the tangential line in the radial direction r3,
color mixing of the fluorescence RP and fluorescence GP occurs. Such a mixture
1S represented és a color mixture 3.

10097]

- That 1s, during the latter half of the projecting time of the fluorescence RP
by the color-changing disk 10, the color mixture le occurs because the
fluorescence GP is merged to the fluorescence RP. During the first half of the
projecting time of the fluorescence GP of the color-changing disk 10, color miking
1f occurs because the fluorescence RP is merged to the fluorescence GP.

[0098]

During the term from which the color-changing disk further rotates and
the boundary r6 corresponds to the'tangential. line 1n the radial direction r3” to
which the boundary r6 corresp'onds to the tangential line in the radial direction r3”,

only the fluorescence GP irradiates the transmitting area 10e of the color-changing
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disk 10, so only the fluorescence GP ‘is guided to the light tunnel 18 and color
mixing does not occur. ‘
[0099]

Furthermore, during the term from which the color-changing disk 10
rotates and the boundary r6 corresponds to the tangential line in the radial
direction r3’ to which the boundary r6 contacts with the tangential line to the
- radial direction r3”, the color mixture of the fluorescence GP and fluorescence YP
occurs. Such a mixture is represented as e color mixture 4.

[0100]

That 1s, during the latter half of the projecting time of the fluorescence GP
by the color-changing disk 10, the color mixture lg occurs because the
fluorescence YP is merged to the fluorescence GP. During the first half of the
projecting time of the fluorescence YP, the color mixture 1h occurs because the
fluorescence GP is merged to the fluorescence YP.

[0101]

During the term from which the color-changing disk 10 further rotates and '
the boundary r6 corresponds to the tangential line in the radial direction r3” 'to
which the boundary r3 corresponds to the tangential line in the radial direction r3’,
color mixing does not occur because only the fluorescence YP is guided to the
light tunnel 18.

[t such color mixtures 1 to 4 occur, the purity in coler 1s lowered and the
range of color reproduction is narrowed.

[0102]

Therefore, it can be considered that the laser diode (LD) la or the

image-forming panel 13 is turned off during the projecting time in which the color

mixture 1 to 4 occurs.



CA 02896212 2015-06-22

WO 2014/104385 30 | PCT/JP2013/085309

However, if the laser diode '(LDF). la or the iinage-forniirig panel .13 is
turned off during the projecting time in which the color mixtures 1 to 4 occur, the
image becomes dark accordingly.

10103]

Therefore, in Embodiment 3, in order to prevent the image becoming dark
at minimum and to keep the color-reproduction range, the efforts described later
are made.

Regarding the illuminating efficiency to the screen S, the illuminating
efficiency of the laser beam BP is at the maximum because it is emitted from the
light source section 1. .

[0104]

The fluorescence YP is generated through the irradiation of the laser beam
BP. The illuminating efficiency of the fluorescence YP is determined by the
exciting efficiency of the phosphor 5 by thé laser beam BP. Because there is a
loss of light amount conversion in the phosphor 5, the illuminating efficiency of
the fluorescence YP becomes lower than that of the laser beam BP.

[0105]

The laser beam BP includes a loss of light amount which is generated upon
passing through the dichroic mirror 15°. The ﬂuo‘rescence YP, RP and GP
include a loss of light amount upon being reflected by the dichroic mirror 8,
reflecting mirror 22°, and dichroic mirror 8’.

[0106]

Herein, the above loss of light amount 1s disregarded. However, even if
such loss of light amount is disregarded, there is a loss of light amount which
cannot be disregarded 1n the fluorescence RP and GP.

That 1s, essentially, the laser beam BP and fluorescence YP can be

transmitted through the color-changing disk 10. To the contrary, the
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fluorescence RP and GP include a loss generated upon trahsmitting through the
color-changing disk 10. Therefore, the 1lluminating efficienc-ies of the
tluorescence RP and GP are much lower than that of the laser beam.

[0107]

Herein, regarding the ratio of the light amounts of the fluorescence GP and
fluorescence RP in the fluorescence Y, if the light amount of the fluorescence GP
1s higher than that of the fluorescence RP, the illuminating efficiency to the screen
S becomes laser beam BP > fluorescence YP > fluorescence GP > fluorescence RP.
[0108]

- In this regard, because the light amount of the fluorescence RP is lower
than those of the laser beam BP, fluorescence YP, and fluorescence GP, the effect
of the decrease of color reproducibility which is derived from color mixing in the
fluorescence RP is the largest.

[10109]

Therefore, in Embodiment 3, as shown in FIG. 22 with the broken line,
during the term in which the color mixture 1d and color mixture le occur, at least
one of the laser diode la and the digital micromirror device DMD is turned off.
Thereby, a bright projector can be achieved which can prevent the decrease of
purity in color and the decrease of the color reproduction range.

[0110]

Herein, the case in which the illuminating efficiency of the fluorescence RP
1s the lowest is described. When the illuminating efficiency of the fluorescence
GP 1s the lowest, it is appropriate to configure such that at least one of the laser
diode la and the digital micromirror device DMD is turned off during only the

time in which the color mixture 1f and the color mixture lg occur.

[0111]
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That is, as to the fluorescence or the laser beam BP which has the lowest
illumination éfficiency, It 1s appropriate to configure such that the laser diode 1a
or the digital micromirror device DMD is turned off during the term in which color
mixing OocCcurs. '

[0112]

Additionally, it is alsb possible to configure the laser diode 1a or the digital
micrdmirror device DMD to be turned off during the term in which color mixing
upon projecting light having each different colors occurs.

[0113]

In Embodiment 3, the phase of the boundary 1 of the light path-switéhing
disk 3 and the phase of the boundary r3 of the color-changing disk 10 rotate in
syhchronization.

Thereby, the number of color mixtures can be reduced.

Also, it is possible for at least one of the laser diode lé and the d.igital
micromirror device to be turned off according to the lafger diameter in the
diameter ® of the beam spbt BSP of the light path-switching disk 3 and the
diameter ®’ of the beam spot BSP’ of the color-changing disk 10. Thereby, the
control of on-off can be simplified.

[0114]
(Embodiment 4)

In Embodiment 3, it is described that the phosphor coat 5a which generates
green fluorescence GP which is different from the laser beam BP and yellow
fluorescence YP including the red fluorescence RP is applied to the phosphor 5.
[0115]

However, as shown in FIG. 23, the phosphor coat 5a’ which generates green

fluorescence GP through the excitation of the laser beam BP or the phosphor coat
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5a” which generates red fluorescence RP through the excitation of the "l'elser beam
BP can be applied on the phosphor 3.
[0116]

From such a configuration, the fluorescent coats 5a’ and 5a” can be applied
during the term in which the green fluorescence GP is projected or the term in
which the red fluorescence RP 1s projected.

[0117]

Thereby, 1t 1s not necessary to pick ﬁp the green fluorescence GP or the red
fluorescence RP from the .phosphor coat 5a by the color-changing disk 10. The
illuminating efficiency in green fluorescence GP or the red fluorescence RP can be

increased.

[0118]

Herein, 1n such circumstances, 1t 1s possible to cut‘ light having a
predetermined wavelength by the color—changing.disk 10.

For example, when the phosphor coat 5a’ which generates the green
fluorescence GP 1s used, the color of the fluorescence GP can be controlled by

cutting the fluorescence having a predetermined wavelength from the spectrum of

the fluorescence GP.

10119]

In detail, the purity in green color can be increased by cutting the light
having a long wavelength from the fluorescence GP.
[0120]

According to the present invention, a color image can be generated by using
a single light source section without separating the fluorescence area of the
phosphor into an area generating green fluorescence and an area generating red
fluorescence. Thereby, the manufacturing process of the phosphor can be

simplified and furthermore, the configuration of the whole optical system can be
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simplified, and it is possible to have more choice in the layout of each of the
optiéal clements.

Although the embodiments of the present invention have been described
above, the present invention i1s not limited thereto. It should be abpreciated that
variations may be made in the embodiments described by persons skilled in the art

without departing from the scope of the present invention.
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CLAIMS

1. A light source device of a projector which irradiates blue light, red light, and green light in
turn on an 1mage-forming element and forms a color image on a screen by the image-forming
element, comprising:

a ight source section which generates any one of the blue light, the red light, and the green
light;

a phosphor holder provided with a first phosphor part that generates first fluorescence
irradiated by light of a color component emitted from the light source section and different from the
light of the color component, and a second phosphor part that generates fluorescence containing
two color components, irradiated by the light of the color component emitted from the light source
section, and different from the light of the color component and from the first fluorescence; and

a color component switching part that irradiates the image-forming element by switching
light of a predetermined color component generated by the light source section, the first
fluorescence generated by the first phosphor part, second fluorescence as fluorescence of a color
component 1 any of the fluorescence of the two color components generated by the second
phosphor patt, and fluorescence containing the two color components generated by the second

phosphor part.

2. The light source device according to Claim 1, wherein a brightness of the light source

section lowers at timing of switching of light that transmits the color component switching part.

3. The hight source device according to Claim 1, wherein a brightness of the image-forming
element lowers at timing of switching light that transmits the color component switching part.

4. A projector comprising the light source device according to any one of Claims 1 to 3.
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