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LIGHT SOURCE UNIT AND PROJECTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority under 35 USC 119 of Japanese Patent Appli-
cation No, 2009-155478 filed on Jun. 30, 2009 and Japanese
Patent Application No. 2010-130932 filed on Jun. 8, 2010, the
entire disclosure of which, including the description, claims,
drawings and abstract thereof, is incorporated herein by ref-
erence.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a light source unit
which includes a wheel in which a luminescent material layer
is provided in a circumferential direction and a projector
which includes the light source unit.

[0004] 2. Description of the Related Art

[0005] In these days, data projectors are used on many
occasions as image projection apparatuses which project
images of screens and video images of personal computers, as
well as images of image data stored in memory cards onto a
screen. These projectors are such that light emitted from a
light source is caused to converge to a micromirror device
called DMD (Digital Micromirror Device) or a liquid crystal
plate for display of a color image on the screen.

[0006] In projectors of the type described above, conven-
tionally, projectors using a high-intensity discharge lamp as a
light source have been the mainstream of projectors. In recent
years, however, there have been made many developments
and proposals on light source units which utilize a semicon-
ductor light emitting device such as a light emitting diode
(LED), a laser diode (LD), or a device utilizing organic EL.
technology as a light emitting device of a light source unit.
[0007] Japanese Unexamined Patent Publication No. 2004-
220015 (JP-A-2004-220015) proposes a light source unit
which includes light emitting devices and in which the light
emitting devices are disposed in a matrix configuration in
order to increase the quantity of light. In the invention of the
patent document, however, bright points of the light emitting
devices are increased, and therefore, the convergence of light
emitted from the respective bright points to a single point by
an optical system arranged downstream of the light emitting
devices becomes difficult, leading to a problem that the light
utilization efficiency of light emitted from the respective light
emitting diodes is reduced.

[0008] In addition, Japanese Unexamined Patent Publica-
tion No. 2004-341105 (JP-A-2004-341105) proposes a light
source unit which includes an optical wheel in which lumi-
nescent materials are disposed in a circumferential direction
and an ultraviolet light emitting diode. The light source unit
proposed in this patent document is configured so that ultra-
violet light is shone on to the optical wheel from El rear
surface side thereof as excitation light and light emitted from
a front surface side of the optical wheel is utilized as light
source light.

[0009] A light source unit that is to be used in a projector is
required to generate at least light of wavelength bands of red,
green and blue, which are the three primary colors of light. In
a configuration which utilizes an optical wheel like one
shown in JP-A-2004-341105, the three primary colors of light
can be generated by disposing a red luminescent material
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layer, a green luminescent material layer and a blue lumines-
cent material layer are disposed end to end in a circumferen-
tial direction of the optical wheel.

[0010] However, in the light source unit which utilizes the
optical wheel in the red luminescent material layer, the green
luminescent material layer and the blue luminescent material
layer are disposed end to end in the circumferential direction,
there is a problem inherent therein that in the event of the
luminescent material layers of the respective colors are dis-
posed uniformly, there has existed a problem that a difference
in luminance between light beams of red, green and blue
wavelength bands is increased.

[0011] Then, there is proposed a light source unit in which
atleast a plurality of luminescent material layers are disposed
end to end in a circumferential direction of an optical wheel,
abluelaser emitter is used as an excitation light source, and an
independent light emitting device is added further as alight
emitting light source.

[0012] In the light source unit configured in the way
described above, the difference in luminance between the
light beams having different wavelength bands can be
reduced. However, since the non-use area is caused on the
optical wheel, an effective use of this area has been a problem
to be solved.

SUMMARY OF THE INVENTION

[0013] Anobjectoftheinventionis to provide alight source
unit which utilizes an optical wheel in which an excitation
light source and at least a plurality of luminescent material
layers are disposed end to end in a circumferential direction
and an independent light emitting light source, wherein an
effective use of the optical wheel is realized by forming an
additional different luminescent material layer in a non-use
area on the optical wheel and a projector which includes the
light source unit.

[0014] With a view to attaining the object, according to an
aspect of the invention, there is provided a light source unit
comprising:

[0015] an optical wheel having a plurality of segment areas
and including luminescent light emitting areas where two or
more luminescent material layers having different character-
istics are provided end to end in circumferential direction;
[0016] awheel motor for driving to rotate the optical wheel;
[0017] an excitation light source for shining light on to the
optical wheel as excitation light or as light of a predetermined
wavelength band;

[0018] alight emitting light source provided out of an opti-
cal path of the optical wheel; and

[0019] a collective optical system for collecting a light
beam emitted from the optical wheel and a light beam emitted
from the light emitting light source for convergence to the
same optical path, wherein

[0020] the excitation light source is selectively turned on to
selectively illuminate the two or more luminescent material
layers having different characteristics which are disposed on
the luminescent light emitting areas by discriminating the
luminescent material layers into an area on to which the
excitation light is shone and an area on to which the excitation
light is not shone, and wherein the light emitting light source
is turned on for a period of time during which the excitation
light source does not shine the excitation light.

[0021] With a view to attaining the object, according to
another aspect of the invention, there is provided a projector
comprising a light source unit, a light guiding unit, a display
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device, a projection optical system, and a projector control is
having a light source control means and a display device
control means, wherein projection in different projection
mode including a primary projection mode and a secondary
projection mode is enabled, and wherein the light source unit
is a light source unit as set forth in any of claims 1 to 7 and is
disposed so that light source light is caused to converge to an
incident plane of the light guiding unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a perspective view showing an external
appearance of a projector according to an embodiment of the
invention,

[0023] FIG. 2 is a functional circuit block diagram of the
projector according to the embodiment of the invention,
[0024] FIG. 3 is an exemplary plan view showing an inter-
nal construction of the projector according to the embodiment
of the invention,

[0025] FIG. 4 is an exemplary plan view of a light source
unit according to the embodiment of the invention,

[0026] FIG. 5 is an exemplary front view of an optical
wheel according to the embodiment of the invention,

[0027] FIG. 6 shows explanatory diagrams which explain a
control method of the light source unit in the projector accord-
ing to the embodiment of the invention, and

[0028] FIG. 7 shows emission spectrum examples of green
luminescent materials which can emit light of green wave-
length bands according to the embodiment of the invention,
[0029] FIG. 8 is an exemplary plan view of a main part of'a
light source unit according to another embodiment of the
invention,

[0030] FIG. 9 is an exemplary front view of an optical
wheel according to another embodiment of the invention,
[0031] FIG. 10 shows explanatory diagrams which explain
a control method of the light source unit in the projector
according to another embodiment of the invention,

[0032] FIG. 11 is an exemplary front view of another opti-
cal wheel according to another embodiment of the invention,
and

[0033] FIG. 12 shows explanatory diagrams which explain
another control method of the light source unit in the projector
according to another embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0034] Hereinafter, an embodiment of the invention will be
described in detail by reference to the accompanying draw-
ings. FIG. 1is a perspective view showing an external appear-
ance of a projector 10. In this embodiment, left and right
denote, respectively, left and right directions with respect to a
projecting direction, and front and rear denote, respectively,
front and rear directions with respect to a traveling direction
of a light beam. The projector 10 of the embodiment enables
projection in different modes including a primary projection
mode and a secondary projection mode.

[0035] As is shown in FIG. 1, the projector 10 has a sub-
stantially rectangular parallelepiped shape and has a lens
cover 19 which covers a projection port which lies to a side of
a front panel 12 which is referred to as a front side panel of a
main body case, as well as a plurality of inside air outlet holes
17 in the front panel 12. Further, although not shown, the
projector 10 includes an Ir reception part for receiving a
control signal from a remote controller.
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[0036] Inaddition, a keys/indicators part 37 is provided on
an upper side panel 11 which makes up the main body case.
Disposed on this keys/indicators part 37 are keys and indica-
tors which include a power supply switch key, a power indi-
cator which informs whether the power supply is on or off, a
projection switch key which switches on or off projection, an
overheat indicator which informs of an overheat condition
when the light source unit, the display device or the control
circuit overheats and the like.

[0037] Further, provided on a back side or a back side panel
of the main body case are an input/output connectors part
where USB terminals, an image signal input terminal, an S
terminal, an RCA terminal and the like are provided and
various types, of terminals 20 including a power supply adap-
tor plug and the like. A plurality of outside air inlet holes 18
are formed in proximity to respective lower portions of a
right-hand side panel 14 which constitutes a side panel, not
shown, of the main body case and a left-hand side panel 15
which is a side panel shown in FIG. 1.

[0038] Next, a projector control means for the projector 10
will be described by use of a block diagram in FIG. 2. The
projector control means is made up of a control unit 38, an
input/output interface 22, an image transform part 23, a dis-
play encoder 24, a display drive part 26 and the like. In
addition, image signals of various standards that are entered
from the input/output connector part 21 are sent via the input/
output interface 22 and a system bus (SB) to the image trans-
form part 23 where the image signals are transformed so as to
be unified into an image signal of a predetermined format
which is suitable for display. Thereafter, the image signals so
transformed are then outputted to the display encoder 24.
[0039] The control unit 38 governs the control of respective
operations of circuitries within the projector 10 and is made
up ofa CPU, a ROM which stores in a fixed fashion operation
programs of various types of settings and a RAM which is
used as a work memory.

[0040] In addition, the display encoder 24 deploys the
image signals entered thereinto on a video RAM 25 for stor-
age therein and generates a video signal from tree contents
stored in the video RAM 25, outputting the video signal so
generated to the display drive part 26.

[0041] The display drive part 26 functions as a display
device control means for driving a display device 51 which is
a spatial optical modulator (SOP) at an appropriate frame rate
in accordance with the image signal outputted from the dis-
play encoder 24. A light beam emitted from a light source unit
63 is shone on to the display device 51 via a light source
optical system to thereby form an optical image by reflected
light reflected at the display device 51, and the image so
formed is then projected on to a screen, not shown, for display
via a projection optical system 90, which will be described
later. A movable lens group 97 of the projection optical sys-
tem 90 is driven by a lens motor 45 for zooming or focusing.
[0042] In addition, an image compression/expansion part
31 performs a recording operation in which a luminance
signal and a color-difference signal are data compressed
through processings such as ADCT and Huffman coding so as
to write them sequentially on a memory card 32 which is
referred to as a detachable recording medium. Further, the
image compression/expansion part 31 performs an operation
in which when in a reproducing mode, the image compres-
sion/expansion part 31 reads out image data recorded on the
memory card 32 and expands individual image data which
make up a series of dynamic images frame by frame. Then,
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the image data is outputted to the display encoder 24 via the
image transform part 23 so as to enable the display of
dynamic images on the basis of the image data stored on the
memory card 32.

[0043] Operation signals generated at the keys/indicators
part 37 which is made up of the main keys and indicators
provided on the upper side panel 11 of the main body case are
sent out directly to the control unit 38, while key operation
signals generated by operating keys on the remote controller
are received by the Ir reception part 35, and a code signal
demodulated at an Ir processing part 36 is outputted to the
control unit 38.

[0044] Inaddition, anaudio processing part 47 is connected
to the control unit 38 via the system bus (SB). This audio
processing part 47 includes a sound source circuit such as a
PCM sound source. When in a projection mode and a repro-
ducing mode, the audio processing part 47 converts audio
data into analog signals and drives a speaker 48 to output
loudly sound or audio based on the audio data.

[0045] Additionally, the control unit 38 controls a light
source control circuit 41 which constitutes a light source
control means. This light source control circuit 41 controls
the light source unit 63 so that light of a predetermined wave-
length band that is required at the time of forming an image is
emitted from the light source unit 63. Specifically, when light
of'a red wavelength band is required, the light source control
circuit 41 turns off an excitation light source 72, which will be
described later, and turns on a light emitting light source as a
red light source. In addition, when light of a green wavelength
band is required, the light source control circuit 41 turns on
the excitation light source 72 and controls the wheel motor 73
so that a first luminescent light emitting area 2 or a second
luminescent light emitting area 3 is positioned on an optical
axis of excitation light. Further, when light of a blue wave-
length band is required, the light source control circuit 41
turns on the excitation light source 72 and controls the wheel
motor 73 so that a diffusion and transmission area 1 is posi-
tioned on the optical axis of the excitation light.

[0046] Further, the control unit 38 causes a cooling fan
drive control circuit 43 to detect temperatures through a plu-
rality of sensors which are provided at the light source unit 63
and the like so as to control the rotational speed of the cooling
fan based on the results of the temperature detection. In addi-
tion, the control unit 38 also causes the cooling fan drive
control circuit 43 to make the cooling fan continue to rotate
even after the power supply of the projector main body is
switched off by use of a timer or the like or to make the power
supply to the projector main body be cut off depending upon
the results of the temperature detection by the temperature
sensors.

[0047] Next, an internal construction of the projector 10
will be described. FIG. 3 is an exemplary plan view showing
an internal construction of the projector 10. As is shown in
FIG. 3, in the projector 10, a light source control circuit board
102 is disposed in proximity to the right-hand side panel 14
and a power supply circuit block 101 and the like are mounted
on this light source control circuit board 102. A sirocco fan-
type blower 110 is disposed substantially at a center in the
projector 10, and a control circuit board 103 is disposed in
proximity to the blower 110. The light source 63 is disposed
in proximity to the front panel 12, and an optical system unit
70 is disposed in proximity to the left-hand side panel 15.
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ment 121 which lies on the back panel 13 side and an outlet
side space compartment 122 which lies on the front panel 12
side by a portioning bulkhead 120. The blower 110 is dis-
posed so that its outside air inlet port 111 is positioned in the
inlet side space compartment 121 and its outside air outlet
port 113 is positioned on a boundary between the outlet side
space compartment 122 and the inlet side space compartment
121.

[0049] The optical system unit 70 has a substantially
U-shape and is made up of three blocks such as an illumina-
tion block 78 which is positioned in proximity to the light
source unit 63, an image generation block 79 which is posi-
tioned on the back panel 13 side, and a projection block 80
which is positioned between the illumination block 78 and
the:left-hard side panel 15.

[0050] The illumination block 78 includes part of a light
solar source optical system 62 for guiding light emitted from
the light source unit 63 to the display device 51 which is
included in the image generation block 79. The part of the
light source optical system 62 that is included in the illumi-
nation block 78 includes a light guiding unit 75 for making a
light beam emitted from the light source 63 into a light beam
whose intensity is uniformly distributed and a collective lens
for collecting light that has passed through the light guiding
unit 75 for concentration.

[0051] The image generating block 79 has, as the light
source optical system 62, an optical axis varying mirror 76 for
varying a direction of an optical axis of a light beam that has
emerged from the light guiding unit 75, a plurality of collec-
tive lenses for collecting light beams reflected by the optical
axis varying mirror 76 for concentration on the display device
51 and a shining mirror 84 for shining the light beams that
have passed through the collective lenses on to the display
device 51 at a predetermined angle. Further, the image gen-
erating block 79 includes a MD which is configured as the
display device 31, and a display device cooling device 53 for
cooling the display device 51 is disposed on a back panel 13
side of the display device 51 to thereby prevent the display
device 51 from being heated to a high temperature.

[0052] The projection block 80 has a lens group of a pro-
jection optical system 90 which project, light on to the screen,
which light is reflected by the display device 51 to form an
image. The projection optical system 90 constitutes a variable
focus lens made up of a fixed lens group 93 which is incor-
porated in a fixed lens barrel and a movable lens group 97
which is incorporated in a movable lens barrel and having a
zooming function. This variable focus lens enables zooming
and focusing operations by moving the movable lens group
97 by a lens motor.

[0053] Next, the light source unit 63 of the projector 10
according to the embodiment will be described. FIG. 4 is an
exemplary plan view of the light source unit 63. As is shown
in FIG. 4, the light source unit 63 includes a plurality of
excitation light sources 72 which are disposed so that their
optical axes become parallel to an axis of the light guiding
unit 75, a plurality of collimator lenses 149 which are dis-
posed in front of the excitation light sources 72, and a group
of reflecting mirrors 150 for changing directions of optical
axes of light beams that pass through the collimator lenses
149 at 90 degrees.

[0054] to addition, the light source unit 63 has an optical
wheel 71 which is disposed on an optical axis of excitation

[0048] Additionally, an interior of a housing of the projec- light reflected on the reflecting mirror system 150 so that a rot
tor 10 is divided airtightly into an inlet side space compart- ting of the optical cancel 71 becomes parallel to the optical
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axis of excitation light, a wheel motor 73 which drives to
rotate the optical wheel 71, a red light source (74) which is a
light emitting light source 74 which is disposed so that an
optical axis direction of excitation light when it is emitted
from the excitation light source 72 becomes parallel to an
optical axis of light emitted from the light emitting light
source 74, and a collective optical system for collecting light
beams emitted from the optical wheel 71 and the red light
source (74) for concentration on a predetermined plane by
matching the optical axis of the light beam emitted from the
optical wheel 71 with the optical axis of the light beam emit-
ted from the red light source (74).

[0055] Inthe excitation light sources 72, a plurality of blue
laser emitters are arranged in a planar configuration to emit
laser light of a blue wavelength band to the optical wheel 71
as excitation light and light of a blue wavelength band. In
addition, the collimator lenses 149 emit forwards light emit-
ted individually from the plurality of blue laser emitters of the
excitation light sources 72 as parallel light at the front of the
blue laser emitters. Further, the reflecting mirror system 150
is made up of a plurality of strip-like reflecting mirrors which
are arranged into a step-like configuration to reflect light
emitted from the excitation light sources 72 so that optical
axes of light beams emitted from the excitation light sources
72 are change through 90 degrees.

[0056] As is shown in FIG. 5, the optical wheel 71 includes
a diffusion and transmission area 1 for diffusing light emitted
from the excitation light sources 72, a primary luminescent
light emitting area 2 and a secondary luminescent light emit-
ting area 3, and these areas are arranged end to end in a
circumferential direction. In addition, in the optical wheel 71,
a bandlike diffusion and transmission layer 1a is formed in a
position lying in proximity to an outer circumferential edge of
the diffusion and transmission area 1. In addition, a band-like
primary luminescent material layer 2a is formed in a position
lying in proximity to an outer circumferential edge of the
primary luminescent light emitting area 2. Further, a band-
like secondary luminescent material layer 3a is formed in a
position lying in proximity to an outer circumferential edge of
the secondary luminescent light emitting area 3. These layers
la, 2a, 3a are arranged end to end in the circumferential
direction to thereby form a ring.

[0057] The diffusion and transmission layer 1a of the opti-
cal wheel 71 is formed of a material such as glass having a
high light transmission property. A sand blasting treatment is
applied to a surface of the diffusion and transmission layer 1a
to thereby transmit light from the excitation light sources 72
while diffusing it. In addition, the primary luminescent mate-
rial layer 2a is a green luminescent material layer which is
formed by scattering green luminescent materials uniformly
in a binder sot is adapted to emit luminescent light of a green
wavelength band by utilizing light emitted from the excitation
light sources 72 as excitation light.

[0058] Further, the secondary luminescent material layer
3a is a green luminescent material layer which is formed by
scattering green luminescent materials having a different hue
from that of the primary luminescent material layer 2a uni-
formly in a binder.

[0059] Then, the primary luminescent material layer 2a and
the secondary luminescent material layer 3a emit lumines-
cent light in every direction by receiving excitation light
emitted from the excitation light sources 72. In addition, a
mirror treatment is given to a front surface of the optical
wheel 71 at the areas where the primary luminescent material
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layer 2a and the secondary luminescent material layer 3a are
disposed so that the front surface at those areas is formed as a
reflecting surface. By forming the reflecting surface on the
front surface of the optical wheel 71, luminescent light emit-
ted to the front surface side of the optical wheel 71 is also
reflected on the front surface of the optical wheel 71 so as to
be emitted back towards the excitation light sources 72, and
therefore, the utilization efficiency of luminescent light can
be increased.

[0060] Namely, the optical wheel 71 of the embodiment has
the plurality of segment areas, which include the luminescent
light emitting areas where two or more luminescent material
layers having different properties are arranged end to end in
the circumferential direction.

[0061] The light emitting light source 74 is a red light
source (74) such as a red light emitting diode which emits
light of ared wavelength band. Then, this red light source (74)
is disposed in a position lying between the excitation light
sources 72 and the optical wheel 7i so that an optical axis
direction of excitation light when it is emitted from the exci-
tation light sources 72 and an optical axis direction of light
emitted from the red light source (74) becomes parallel to
each other.

[0062] In addition, the collective optical system includes a
mirror system 151 which is made up of a plurality of mirrors,
a convex lens system 153 which is made up of a plurality of
convex lenses, a collective lens system 155 which is made up
of collective lenses each of which is made by a combination
of convex lenses, and a light guiding unit incident lens 154.
The mirror system 151 includes a primary mirror 151a which
is disposed in a position where an optical axis of excitation
light which is reflected on the reflecting mirror system 150
and an optical axis of the red light source (74) intersect each
other at right angles, a secondary mirror 1516 which is dis-
posed in a position which is situated on a is surface side of the
optical wheel 71 and where an extension of an axis of the light
guiding unit 75 and an extension of the optical axis of the
excitation light which is reflected on the reflecting mirror
system 150 intersect each other at right angles, a tertiary
mirror 151¢ which is disposed or the optical axis of the red
light souse (74) and a quaternary mirror 1514 which is dis-
posed in a position where an optical axis of light of a red
wavelength band which is reflected on the tertiary mirror
131c¢ and the extension of the axis of the light guiding unit 75
intersect each other at right angles.

[0063] The primary mirror 151a is a dichroic mirror which
allows for passage of light emitted from the excitation light
sources 72 and the red light source (74) and reflects lumines-
cent light emitted from the optical wheel 71. In addition, the
secondary mirror 1515 is a reflecting mirror which makes the
optical axis of light which is emitted from the excitation light
sources 74 and which then passes through the optical wheel
71 while being diffused coincide with the axis of the light
guiding unit 75. The tertiary mirror 151c is a reflecting mirror
which reflects light emitted from the red light source (74) and
luminescent light emitted from the optical wheel 71 towards
the quaternary mirror 151d. The quaternary mirror 151d is a
dichroic mirror which allows for passage of a light beam
reflected by the secondary mirror 1515 and reflects light beam
reflected by the tertiary mirror 151c.

[0064] Inaddition, the convex lens system 153, which con-
stitutes the collective optical system, includes a primary con-
vex lens 153a which is disposed between tree excitation light
sources 72 and the primary mirror 151a, a secondary convex
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lens 15356 which is disposed between the secondary mirror
1515 and the quaternary mirror 1514, a tertiary convex lens
153¢ which is disposed between the primary mirror 151a and
the tertiary mirror 151¢, and a quaternary convex lens 1534
which is disposed between the tertiary mirror 151¢ and the
quaternary mirror 151d.

[0065] Further, the collective lens system 155, which con-
stitutes the collective optical system, includes the collective
lens which is disposed in proximity to the red light source (74)
and the collective lens which is disposed in proximity to front
and rear surface sides of the optical wheel 71 and on the
optical axis of light emitted from the excitation light sources
72 for convergence of light emitted from the red light source
and the optical wheel 71. In addition, the light guiding unit
incident lens 154, which constitutes the collective optical
system, is disposed in proximity to the light guiding unit 75
for convergence of light emitted from the light source unit 63
to an incident plane of the light guiding unit 75.

[0066] Then, in the light source unit 63 configured as
described above, blue laser light emitted from the excitation
light sources 72 and reflected on the reflecting mirror system
150 is caused to converge by the primary convex lens 153a.
Thereafter, the convergent light passes through the primary
mirror 151a and is shone on to the luminescent light reflecting
areas and the diffusion and transmission area on the optical
wheel 71 by the collective lens system 155. In addition, light
beams emitted from the excitation light sources 72 and shone
on to the primary luminescent light emitting area 2 or the
secondary luminescent light emitting area 3 excite the lumi-
nescent material as excitation light, and the luminescent
material so excited then emits light of a predetermined wave-
length band. Further, light beams emitted from the excitation
light sources 72 and shone on to the diffusion and transmis-
sion area on the optical wheel 71 are diffused and are then
converted in nature from coherent light into incoherent light
s0 as to be emitted from the rear surface side of the optical
wheel 71 as light of a blue wavelength band which is inco-
herent light.

[0067] Additionally, light of a red wavelength band which
is emitted from the red light source (74) is caused to converge
by the collective lens system 155 and passes through the
primary mirror 151a. Luminescent light of the green wave-
length band emitted from the optical wheel 71 towards the
excitation light sources 72 is caused to converge by the col-
lective lens system 155 so as to be shone on to the primary
mirror 151a. Then, the light of the red wavelength band that
has passed through the primary mirror 151a and the lumines-
cent light that has been reflected on the primary mirror 151a
are caused to converge by the tertiary convex lens 153¢ and
the quaternary convex lens 1534 and are reflected on the
tertiary mirror 151¢ and the quaternary mirror 151dso as to be
cause to converge to the incident plane of the light guiding
unit 75 by the light guiding unit incident lens 154 to enter the
light guiding unit 75.

[0068] Further, the light of the blue wavelength band that
has passed through the optical wheel 71 while being diffused
is caused to converge so as to be shone on to the secondary
mirror 1515 by the collective lens system 155. The light of the
blue wavelength band is then reflected on the secondary mir-
ror 1515, is caused to converge by the secondary convex lens
1534 and passes through the quaternary mirror 151d. There-
after, the light of the blue wavelength band is caused to
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converge to the incident plane of the light guiding unit 75 by
the light guiding unit incident lens 154 so as to enter the light
guiding unit 75.

[0069] Namely, luminescent light of the green wavelength
band and light of the blue wavelength band emitted from the
optical wheel 71 and light of the red wavelength band emitted
from the red light source 74 passes through and/or are
reflected on the quaternary mirror. Thereafter, light of the
aforementioned wavelength bands are collected to the same
optical path and then are caused to converge to the quaternary
convex lens 153d so as to enter into the light guiding unit 75.
[0070] Next, the control of the light source unit 63 in the
projector 10 will be described. FIG. 6 shows explanatory
diagrams which explain a control method of the light source
unit 63 in the projector 10. As has been described before,
according to the projector 10 of the embodiment, the projec-
tion is enabled in the two projection modes of different hues
which are made up of the primary projection mode and the
secondary projection mode. Namely, the projector 10 can
implement projections by switching between the primary
projection mode which utilizes the primary luminescent light
emitting area 2 on the optical wheel 71 and the secondary
projection mode which utilizes the secondary luminescent
light emitting area 3 whose hue is different from that of the
primary projection mode by controlling the light source con-
trol circuit 41 that has been described above by the projector
control means.

[0071] Hereinafter, a specific control of the light source
control circuit 41 by the projector control means will be
described. As is shown in FIG. 6 A, in the event of the primary
projection mode, the projector control means makes the light
source control circuit 41, functioning as the light source con-
trol means, execute a control of turning on the excitation light
sources 72 and turning off the red light source (74) when the
diffusion and transmission area 1 of the optical wheel 71 is
positioned on the optical axis of excitation light and when the
primary luminescent light emitting area 2 of the optical wheel
71 is positioned on the optical axis of excitation light. In
addition, the projector control means makes the light source
control circuit 41 execute a control of turning off the excita-
tion light sources 72 and turning on the red light source (74)
when the secondary luminescent light emitting are 3 of the
optical wheel 71 is positioned on the optical axis of excitation
light.

[0072] To be specific, in the event of light being emitted
from the light source unit 63 in the primary projection mode,
light of the blue wavelength band, light of the green wave-
length band and light of the red wavelength band are emitted
sequentially from the light source unit 63 in that order. Con-
sequently, in the event of the primary projection mode, the
projector control means makes the display drive part 26,
functioning as the display device control means, control the
display device 51 so as to generate images in the order of light
of the blue wavelength band, light of the green wavelength
band and light of the red wavelength band.

[0073] Additionally, as is shown in FIG. 6B, in the event of
the secondary projection mode, the projector control means
makes the light source control means execute a control of
turning on the excitation light sources 72 and turning off the
red light source (74) when the diffusion and transmission area
1 of the optical wheel 71 is positioned on the optical axis of
excitation light and when the secondary luminescent light
emitting area 3 of the optical wheel 71 is positioned on the
optical axis of excitation light addition, the projector control
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means makes the light source control circuit 41 execute a
control of turning off the excitation light sources 72 and
turning on the red light source (74) when the primary lumi-
nescent light emitting area 2 of the optical wheel 71 is posi-
tioned on the optical axis of excitation light.

[0074] To be specific, in the event of light being emitted
from the light source unit 63 in the secondary projection
mode, light of the blue wavelength band, light of the red
wavelength band and light of the green wavelength band are
emitted sequentially from the light source unit 63 in that
order. Consequently, in the event of the secondary projection
mode, the projector control means makes the display device
control means control the display device 51 so as to generate
images in the order of light of the blue wavelength band, light
of the red wavelength band and light of the green wavelength
band.

[0075] Thus, according to the projector 10 of the embodi-
ment, image projections in the different projection modes are
enabled by making effective use of the area of the optical
wheel 71 that s not conventionally used and controlling the
light source control circuit 41 and the display drive part 26 by
the projector control means.

[0076] In addition, in the light source unit 63 which
includes the optical wheel 71, the excitation light sources 72
and the light emitting light source 74, the optical wheel 71 is
made up of the primary luminescent light emitting area 2, the
secondary luminescent light emitting area 3 and the diffusion
and transmission area 1. In addition, the luminescent material
layer which emits light of the predetermined wavelength band
is formed on the secondary luminescent light emitting area 3.
Thus, the different luminescent light can be obtained by use of
the area that is not conventionally used.

[0077] Further, according to the light source unit 63 of the
embodiment, the blue laser light emitters are used as the
excitation light sources. This enables light having high energy
to be used as excitation light, thereby making it possible to
increase the excitation efficiency of the luminescent materi-
als. In addition, the red light emitting diode is used as the light
emitting light source 74 and the green luminescent material is
used on the primary luminescent material layer 2a. This
enables light of the predetermined wavelength band to be
obtained with good efficiency.

[0078] In addition, according to the light source unit 63 of
the embodiment, the primary luminescent material layer 2a is
made of a luminescent material having an emission spectrum
characteristic shown in FIG. 7A which has a peak wavelength
of' 570 nm and a wavelength band at half-power point of 130
nm. In addition, the secondary luminescent material layer 3a
is made of a luminescent material having an emission spec-
trum characteristic shown in FIG. 71 which has a peak wave-
length of 515 nm and a wave length at half-power point of 30
nm. Thus, the light source unit 63 can be provided which can
emit two types of light of different greed wavelength bands
and having different hues.

[0079] Further, the front surfaces of the portions of the
optical wheel 71 where the primary luminescent light emit-
ting area 2 and the secondary luminescent light emitting area
3 are formed or at least the front surfaces of the areas of the
portions of the optical wheel 71 where the secondary lumi-
nescent material layer 2a¢ and the secondary luminescent
material layer 3a are disposed are formed as the reflecting
planes. By adopting this configuration, light beams emitted
from the luminescent materials towards the front surface side
of'the optical wheel 71 can also be made to be effective light
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by being reflected on the reflecting planes. Therefore, the
utilization efficiency of light emitted can be increased.
[0080] Thus, according to the projector 10 which uses the
light source unit 63 which is configured as described above,
different types of white light can be produced by switching
the projection modes. For example, when the projector 10 is
used in a bright environment, a projection with a high lumi-
nance mode in which lightness is high can be enabled,
whereas in a dark environment, a projection with a mode in
which the color purity of green is high can be enabled.
[0081] Further, since the different projection modes are
made to be realized by changing light emitted from the light
source unit 63, compared with a (configuration in which
projection modes are changed by correcting images by CPU
or the like, the load borne by the CPU can be reduced.
[0082] Note that the invention is not limited to the embodi-
ment where the second luminescent material layer 3q is the
green luminescent material layer which can emit light of the
green wavelength band whose hue is different from that green
light emitted from the primary luminescent material layer 2a.
For example, the optical wheel 71 can be configured as having
a secondary luminescent material layer 3a which is a green
luminescent material layer which can emit light of a green
wavelength band by forming the green luminescent material
layer of the same luminescent material as that of the primary
luminescent material layer 2a with a different ratio at which
the green luminescent material is contained in the lumines-
cent material layer.

[0083] Further, in the embodiment, while the different
luminescent materials are used to emit the two types of light
of'the green wavelength bands which have the different hues,
the invention is not limited thereto. For example, two types of
light of green wavelength bands may be used which have
different quantum efficiencies.

[0084] Further, two types of light of groan wavelength
bands may be used which have different quantum efficiencies
with respect to temperature. As this occurs, although not
illustrated, a temperature sensor is provided, and the projec-
tion modes are switched based on the temperature detected.
[0085] Furthermore, a secondary luminescent material
layer 3a may be a green luminescent material layer which can
emit light of a green wavelength band by forming the second-
ary material layer 3a of the same luminescent material of the
primary luminescent material layer 2a with the same ratio as
that of the primary luminescent material layer 2a at which the
luminescent material is contained in the luminescent material
layer but with a different thickness at which the secondary
luminescent material layer 3a is disposed.

[0086] Inaddition, inthe light sourceunit 63 of the embodi-
ment, the primary luminescent material layer 2a¢. and the
secondary luminescent material layer 3a are the green lumi-
nescent material layers which can emit the two types of light
of'the green wavelength bands which have the different hues.
However, the invention is not limited thereto. For example,
the optical wheel 71 can be configured as having a primary
luminescent material layer 2a and a secondary luminescent
material layer 3a which constitute the same luminescent
material layers 2a, 3a. To be specific, the same green lumi-
nescent material layers are formed on the primary lumines-
cent light emitting area 2 and the secondary luminescent light
emitting area 3 of the optical wheel 71.

[0087] According to the light source unit which includes
the optical wheel 71 described above, the deterioration with
age of the green luminescent material on to which the blue
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laser light having high directivity is shone and the binder can
be suppressed, whereby the light source unit 63 can be pro-
vided which can maintain its performance over a long period
of time.

[0088] Further, in the embodiment, the red light emitting
diode is used as the light emitting light source 74, and the
green luminescent materials are used in the primary lumines-
cent material layer 2a and the secondary luminescent material
layer 3a. However, the invention is not limited thereto. For
example, a configuration can also be adopted in which a green
light emitting diode is used as the light emitting light source
74 and a red luminescent material is used on the optical wheel
71.

[0089] Note that in the event that image projections in the
different projection modes are performed in the projector 10,
a configuration may be adopted in which the optical wheel 71
is rotated reversely by controlling the light source control
means by the projector control means. To be specific, in the
event of the primary projection mode, similar control to the
control shown in FIG. 6A, is performed. However, in the
event of the secondary projection mode, the projector control
means makes the light source control means execute a control
of rotating the wheel motor 73 reversely.

[0090] In this way, by adopting the configuration in which
in the secondary projection mode, the wheel motor 73 is
rotated reversely to the rotating direction thereof in the pri-
mary projection mode, when light is emitted from the light
source unit 63, light of the blue wavelength band, light of the
green wavelength band and light of the red wavelength band
are emitted sequentially from the light source unit 63 in that
order at all times. Consequently, since the display drive part
26 may only have to control the display device 51 in the same
way whether the primary projection mode or the secondary
projection mode is used, the way of controlling the display
device 51 does not have to be changed depending upon the
projection mode used, thereby making it possible to project
images in the different projection modes only by controlling
the light source unit 63.

[0091] As this occurs, the optical wheel 71 is in such a state
that the primary luminescent light emitting area 2 and the
secondary luminescent light emitting area 3 are disposed in
an axial symmetrical fashion with respect to a center line of
the diffusion and transmission area 1.

[0092] Then, according to the projector 10 which is con-
trolled in the way described above by the projector control
means, the way of controlling the display device 51 is not
changed whether the primary projection mode or the second-
ary projection mode is used due to the switching between the
primary projection mode and the secondary projection mode
being implemented by reversing the rotating directions of the
optical wheel 71. Thus, the load borne by the CPU or the like
can be reduced.

[0093] In addition, as an independent light emitting light
source, a light source unit 63' may be configured by utilizing
two light emitting light sources 74 consisting of a red light
source (74a) and a blue light source (745), and not providing
the diffusion and transmission portion but providing more
than three types of the green light emitting luminescent mate-
rials on the optical wheel 71.

[0094] This light source unit 63' emits light of a red wave-
length band which is emitted from the red light source (74a)
as the light emitting light source 74 so that the light beam
becomes parallel to the front panel 12. The light source unit
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63' includes the wheel motor 73 and an optical wheel 71'
which are disposed in proximity to the inside of the front
panel 12.

[0095] Additionally, as shown in FIG. 8, excitation light
from the excitation light source 72 is shone on to the optical
wheel 71' via a convex lens and a concave lens as a conver-
gence lens 156 for causing a light beam of emitted light to
converge which is a parallel light beam from the excitation
light source 72, not shown.

[0096] The collective lens system 155 is disposed lust
proximal to an excitation light source side of the optical wheel
71'. Light emitted from the excitation light source 72 is
caused to converge so as to be incident into a luminescent
material on the optical wheel 71', and luminescent light emit-
ted from the optical wheel 71° is caused to converge go as to
emitted to the excitation light source side by the collective les
system. 155.

[0097] The light source unit 63' emits light of a red wave-
length band from the red light source (74a) via the collective
lens system 155 which is disposed just in front of the red light
source (74a). A primary dichroic mirror 151e is disposed in a
position where an optical axis of light of the red wavelength
band emitted from the red light source (74a) and an optical
axis of light of a green wavelength band emitted from the
optical wheel 71 intersect each other.

[0098] The primary dichroic mirror 151e allows light of the
red wavelength band and light of the blue wave length band
which is excitation light to pass through and reflects light of
the green wavelength band. Due to the property, light of the
green wavelength band is reflected on the primary dichroic
mirror 151e. Light of the green wavelength band so reflected
travels towards a left-hand side panel 15 of the projector 10
with making its optical axis coincide with the optical is of
light of the red wavelength band.

[0099] In addition, the light source unit 63" includes a blue
light source (745) as the light emitting light source 74 which
is a light emitting diode in proximity to the reside of the front
panel 12 on the optical axis of the light guiding unit 75.
[0100] The collective lens system 155 is disposed in prox-
imity to the blue light source (745). Light of the blue wave-
length band emitted from the blue light source (745) is caused
to converge and in optical axis of light of the blue wavelength
band is made to coincide with the optical axis of the light
guiding unit 75 by the collective lens system 155 so that light
of the blue wavelength band emitted from the blue light
source (74b) can be incident into the light guiding unit 75 via
the light guiding unit incident lens 154.

[0101] A secondary dichroic mirror 151fis disposed in a
position where the optical axis of light of the red wavelength
band emitted from the red light source (74a) and the optical
axis of light of a blue wavelength band emitted from the blue
light source (74b) intersect each other.

[0102] The secondary dichroic mirror 151f reflects light of
the red wavelength band and light of the green wave length
band and allows light of the blue wavelength band to pass
therethrough. Light which has been reflected by the second-
ary dichroic mirror 151f'and light which has passed through
the secondary dichroic mirror 151f are each caused their
optical axes to coincide each other to converged by the light
guiding unit incident lens 154 so as to be incident into the
light guiding unit 75, as well as the embodiment that has been
described by reference to FIGS. 3 and 4.

[0103] Three types of luminescent material layers are
formed of green light emitting luminescent materials on the
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optical wheel 71' of the light source unit 63' so as to attain a
high lightness/saturation mode, a high luminance mode, and
a normal mode. Specifically, as shown in FIG. 9, there are
provided a primary light emitting area 1, a secondary light
emitting area 2, and a tertiary light emitting area 3, each of
which forms respectively a primary luminescent material
layer 156 which utilizes a luminescent material for high light-
ness/saturation having high color purity, a secondary lumi-
nescent material layer 26 which utilizes a luminescent mate-
rial for high luminance having high luminance property, and
atertiary luminescent material layer 35 which utilizes a lumi-
nescent material having average luminance and saturation.
[0104] As shown in FIG. 10(A), when a projector projects
images in the high luminance mode, a light source control
circuit 41 for executing a control of turning-on the light
source unit 63' controls turn-on timings of the red light source
(74a), the excitation light source 72, and the blue light source
(74b) sequentially, and also controls a rotation timing of the
optical wheel 71' so that light emitted from the excitation light
source 72 is incident into the secondary luminescent material
layer 25 for the high luminance mode.

[0105] AsshowninFIG. 10(B), when the projector projects
images in the high lightness/saturation mode, the light source
control circuit 41 controls turn-on timings of the red light
source (74a), the excitation light source 72, and the blue light
source (74b) sequentially, and also controls a rotation timing
of'the optical wheel 71' so that light emitted from the excita-
tion light source 72 is incident into the toe primary lumines-
cent material layer 15 for the high lightness/saturation mode.
[0106] In addition, as shown in FIG. 10(C), when the pro-
jector projects images in the normal mode, the light source
control circuit 41 controls turn-on timings of the red light
source (74a), the excitation light source 72, and the blue light
source (74b) sequentially, and also controls a rotation timing
of'the optical wheel 71' so that light emitted from the excita-
tion light source 72 is incident into the tertiary luminescent
material layer 35 for the normal mode.

[0107] Note that electric voltage or an effective value of
applied voltage which is applied to the light emitting light
source 74 should be adjusted depending upon which light
emitting area among the primary light emitting area 1 to the
tertiary light emitting area 3 the excitation light to be shone on
to.

[0108] Therefore, the projector having the light source unit
63' can reduce a luminance difference between each light of
color wavelength bands. In addition, the projector can permit
projections in different modes by utilizing effectively a whole
circumference of the optical wheel 71' h providing the optical
wheel 71' with luminescent material layers which emit green
light having different lightness or saturation and in forming
any non-use area on the whole circumference.

[0109] Additionally, the whole circumference of the optical
wheel may be divided into four light emitting areas, as shown
in FIG. 11, for providing a quaternary luminescent material
layer 4¢ in one of the light emitting areas so divided which is
a quaternary light emitting area 4. In the it three out of four
light emitting areas, a primary luminescent material layer 1¢
is formed which is a green light emitting luminescent material
having high color purity in a primary light emitting area 1, a
secondary luminescent material layer 2¢ is formed which is a
green light emitting luminescent material having high light-
ness in a secondary light emitting area 2, and a tertiary lumi-
nescent material layer 3¢ is formed which is a green light
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emitting luminescent material having average luminance and
saturation in a tertiary light emitting area 3, as described in the
above embodiment.

[0110] Thelight source control circuit 41 executes a control
of turning-on the red light source (74a) and the blue light
source (74b) while shining excitation light on to one of the
light emitting areas, from the primary light emitting area 1 to
the tertiary light emitting area 3. Further, the light source
control circuit 41 shines excitation light on to part of the
quaternary luminescent material layer 4¢ which is an yellow
light emitting luminescent material of the quaternary light
emitting area 4 while the red light source (74a) or the blue
light source (74b) is turned on to thereby add light of an
yellow wavelength hand to light of the red wavelength band or
to light of the blue wavelength band which are emitted from
the independent light source 74. By these controls of the light
source control circuit 41, luminance of a projected image can
be increased.

[0111] Inaddition, as shown in FIG. 12, there may be a case
that in order to increase luminance of a projected image, the
light source control circuit 41 executes a control of turning on
the excitation light source 72 so as to shine excitation light on
to the secondary luminescent material layer 2¢ of the second-
ary light emitting area 2 and the quaternary luminescent
material layer 4¢ of the quaternary light emitting area 4, and
simultaneously executes a control of turning on the red light
source (74a) and the blue light source (745) to thereby add
light of the yellow wavelength band emitted from an optical
wheel 71" to light of the red wavelength band emitted from
the red light source (74a), light of a green wavelength band
emitted from the optical wheel 71", and light of the blue
wavelength hand (745).

[0112] Furthermore, the projector 10 comprising the light
source unit 63' can project white light by light of the yellow
wavelength band emitted from the optical wheel 71" having
the Quaternary luminescent material layer 4c which is the
yellow light emitting luminescent material in the quaternary
light emitting area. 4 and fight of the blue wavelength band
emitted from the blue light source (745).

[0113] Note that the invention is not limited to the embodi-
ment that has been described heretofore and hence can be
freshly modified or improved without departing from the
spirit and scope of the invention.

1. A light source unit comprising:

an optical wheel having a plurality of segment areas and
including luminescent light emitting areas where at least
two luminescent material layers having different char-
acteristics are provided in a circumferential direction;

a wheel motor for driving to rotate the optical wheel;

an excitation light source for shining light on to the optical
wheel as excitation light or as light of a predetermined
wavelength hand;

a light emitting light source provided out of an optical path
of the optical wheel; and

acollective optical system for collecting a light beam emit-
ted from the optical wheel and a light beam emitted from
the light emitting light source for convergence to the
same optical path, wherein

the excitation light source is selectively turned on to selec-
tively illuminate the at least two luminescent material
layers having different characteristics which are dis-
posed on the luminescent light emitting areas by dis-
criminating the luminescent material layers into an area
on to which the excitation light is shone and an area on
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to which the excitation light is not shone, and wherein
the light emitting light source is turned on for a period of
time during which the excitation light source does not
shine the excitation light.

2. A light source unit as set forth in claim 1, wherein

the excitation light is a blue laser emitter, wherein

the light emitting light source is a red light emitting diode
or a red laser emitter, and wherein

the luminescent material layers include at least a green
luminescent material.

3. A light source unit as set forth in claim 2, wherein

green luminescent material layers which can emit different
types of light of green wavelength bands which have
different hues are formed, respectively, on the at least
two luminescent material layers having different char-
acteristics.

4. A light source unit as set forth in claim 3, wherein

the green luminescent material layers which can emit dif-
ferent types of light of green wavelength bands which
have different hues include green luminescent material
layers which can emit different types of light of green
wavelength bands which have different central wave-
lengths of emission spectrum and different wavelength
band at half-power point of emission spectrum.

5. A light source unit as set forth in claim 2, wherein

the at least two luminescent material layers having differ-
ent characteristics include green luminescent material
layers which can emit different types of light of green
wavelength bands, the green luminescent material layers
being formed of the same luminescent material with
different ratios at which the luminescent material is con-
tained in the respective luminescent material layers.

6. A light source unit as set forth in claim 2, wherein

the at least two luminescent material layers rung different
characteristics include green luminescent material lay-
ers which can emit different types of light of green,
wavelength bands, the green luminescent material layers
being formed of the same luminescent material with the
same ratio at which the luminescent material is con-
tained in the respective luminescent material layers but
with different thickness at which the luminescent mate-
rial layers are disposed.

7. A light source unit as set forth in claim 1, wherein

in the optical wheel, at least areas of the luminescent light
emitting areas where the luminescent material layers are
disposed are formed as reflecting planes.

8. A projector comprising:

a light source unit as set forth in claim 1, a light guiding
unit, a display device, a projection optical system, and
projector control means having light source control
means and display device control means, wherein

projection in different projection mode including a primary
projection mode and a secondary projection mode is
enabled, and wherein the light source unit is disposed so
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that light emitted from the light source unit is caused to
converge to at incident plane of the light guiding unit.

9. A projector as set forth in claim 8, wherein

the projector control means switches the luminescent
material layers on the optical wheel between an area on
to which the excitation light is shone and an area on to
which the excitation light in not shone in the primary
projection mode and the secondary projection mode.

10. A projector as set forth in claim 9, whereon

the light source unit includes an optical wheel in which a
primary luminescent light emitting area and a secondary
luminescent light emitting area where the luminescent
material layers are formed and a diffusion and transmis-
sion area are provided in a circumferential direction, and
wherein

in the primary projection mode, the projector control
means controls the light source control means so as to
execute a control of turning on the excitation light source
and turning off the light emitting light source when the
diffusion and transmission area and the primary lumi-
nescent light emitting area are positioned on an optical
axis of light emitted from the excitation light source and
a control of turning off the excitation light source and
turning on the light emitting light source when the sec-
ondary luminescent light emitting area is positioned on
the optical axis of light emitted from the excitation light
source, and the projector control means controls the
display device control means so as to produce images in
the order of light emitted from the diffusion and trans-
mission area, light emitted from the primary lumines-
cent light emitting area, and light emitted, from the light
emitting light source, whereas

in the secondary projection mode, the projector control
means controls the light source control means so as to
execute a control of turning on the excitation light source
and turning off the light emitting light source when the
diffusion and transmission area and the secondary lumi-
nescent light emit ting area are positioned on the optical
axis of light emitted from the excitation light source and
a control of turning off the excitation light source and
turning on the light emitting light source when the pri-
mary luminescent light emitting area is positioned on the
optical axis of light emitted from the excitation light
source, and the projector control means controls the
display device control means so as to produce images in
the order of light emitted from the diffusion and trans-
mission area, light emitted from the light emitting light
source, and light emitted from the secondary lumines-
cent light emitting area.

11. A projector as set forth in claim 9, wherein

the projector control means controls the light source con-
trol means so as to execute a control of rotating the
optical wheel in opposite directions in the primary pro-
jection mode and the secondary projection mode.
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