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(57) ABSTRACT

For a lighting device for obtaining output light in the wave-
lengths of light of three colors of red, green, and blue, a
lighting device using a semiconductor laser for the blue light
has been proposed. When using this lighting device in an
image display device, etc., there are problems in blue color
rendering properties and reduced image quality due to
speckle noise. A light source device designed to emit red
light, green light, a first blue light, and a second blue light, the
light source device including: a red solid-state light source; a
green solid-state light source; a semiconductor laser for emit-
ting the first blue light; and a blue light generation part for
emitting the second blue light, wherein the main component
of the second blue light is light in a wavelength range of
wavelengths longer than that of the first blue light.
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LIGHT SOURCE DEVICE, LIGHTING
DEVICE AND IMAGE DISPLAY DEVICE
USING SUCH LIGHT DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The disclosure of Japanese Patent Application No.
2010-121092, filed on May 27, 2010, is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to light source devices
using a blue laser, and in particular, to light source devices,
utilized in lighting devices, that combine red, green, and blue
light and emit the combined light for use in an image display
device.

[0004] 2. Description of the Background Art

[0005] Projectors as image display devices for the magni-
fied projection of various video and other images on a screen
have become popular today. In such projectors, light emitted
from a light source is condensed on a spatial light modulator
such as a digital micromirror device (DMD) or a liquid-
crystal-display element, and light modulated by video signals
and emitted from the spatial light modulator is displayed as a
color video image on the screen.

[0006] In order to obtain a bright, large-screen-sized video
image from a projector, high brightness discharge lamps have
been conventionally used as a light source. However, in a case
where lamps are used as a light source, there are problems in
that: the life of the light source is short, which results in
cumbersome maintenance; the optical system tends to be
complicated since white light composed of a continuous
spectrum is split into three primary colors of red, green, and
blue; and the color reproduction range is narrow.

[0007] In order to solve these problems, a lighting device
using a solid-state light source such as light emitting diodes
(LED) or lasers instead of the discharge lamps, and a new
image display device using the lighting device has been pro-
posed (Japanese Laid-open Patent Publication No. H10-
293545).

[0008] Since an LED light source has a longer life than a
discharge lamp, and since its emission spectral width is rela-
tively narrow, it is possible to secure a wide color reproduc-
tion range. However, there is a problem in that since the light
emission brightness is low per unit area in a light emitting
part, it is difficult to obtain a bright lighting device.

[0009] Meanwhile, alaser light source has a problem in that
speckle noise occurs due to high interference, which results in
a deteriorated image quality. However, with a laser light
source having a longer life than a discharge lamp, a wide color
reproduction range can be secured due to its monochroma-
ticity, and in addition, laser light has a high light density and
a high directivity. Therefore, it is possible to configure a
bright lighting device.

[0010] An example of a small, high efficient, and practical
laser light source is a semiconductor laser. Semiconductor
lasers having the red and blue wavelength ranges have already
been put to practical use. On the other hand, with respect to
the green wavelength range, high output semiconductor
lasers have not been put to practical use to date. In order to
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obtain green illumination light by using a laser light source, a
method using second harmonics of infrared laser light is used
in general.

[0011] Semiconductor lasers having the blue wavelength
range that have been put to practical use at present are GaN-
based semiconductor lasers. GaN-based semiconductor
lasers are very popular as optical-disk purple lasers having an
oscillation wavelength of about 405 nm. However, these
lasers have a characteristic that when the oscillation wave-
length becomes long, the light emission efficiency is reduced,
resulting in difficulty in obtaining high output light. On the
contrary, when the wavelength becomes short from blue to
purple, the light emission efficiency is improved. However,
the visibility by human eyes is reduced, and moreover, during
high output operation, reliability of the lasers is reduced,
which are problems of these lasers. Therefore, in a case where
blue light is outputted by using a GaN semiconductor laser, it
is appropriate to select the oscillation wavelength of 440 to
450 nm. If the oscillation wavelength is longer or shorter than
this, it is difficult to attain high output and high reliability at
the same time.

[0012] However, inthe case ofalighting device that outputs
white light by combining light of three colors, that is, red,
green, and blue, when a blue laser light whose oscillation
wavelength is 440 to 450 nm is used, there is a problem in its
color rendering properties. FIG. 12 shows, by using the xy-
chromaticity diagram by International Commission on Illu-
mination (CIE), the color reproduction range of a lighting
device using laser beams whose oscillation wavelengths are
445 nm, 532 nm, and 640 nm, respectively, and the color
gamut according to sSRGB standard, which is a color space
international standard defined by International Electrotech-
nical Commission (IEC). A triangle 101 shown in solid lines
is the color reproduction range of the lighting device obtained
by using the laser beams of three colors, and a triangle 102
shown by dotted lines is the color reproduction range accord-
ing to the sRGB standard.

[0013] The sRGB standard is a color standard most com-
monly used in various display apparatuses. In a case where a
lighting device is applied to an image display device such as
aprojector, the color reproduction range of the lighting device
desirably encompasses the color gamut according to the
sRGB standard.

[0014] However, as showninFIG. 12, in a case where a blue
semiconductor laser is used as the blue light source, since its
wavelength is short, the blue xy-chromaticity coordinates
have large x-coordinate values and small y-coordinate values,
and thus cannot completely encompass the sRGB color
gamut. As specific color rendering properties, monochro-
matic light whose wavelength is 450 nm or less has very
purplish tone and proves a little unnatural as blue light.
[0015] The present invention is made in view of the above
circumstances, and an object of the present invention is to
provide a light source device that allows high efficiency illu-
mination light utilizing the characteristics of laser light to be
obtained, that improves the blue color rendering properties,
and that further allows a lighting device having reduced
speckle noise to be obtained.

SUMMARY OF THE INVENTION

[0016] A light source device according to the present inven-
tion is directed to a light source device designed to emit red
light, green light, and blue light, the blue light including first
blue light and second blue light, the light source device com-
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prising: a red solid-state light source for emitting the red light;
a green solid-state light source for emitting the green light; a
semiconductor laser for emitting the first blue light; and a blue
light generation part for emitting the second blue light,
wherein the main component of the second blue light is light
in a wavelength range of wavelengths longer than that of the
first blue light.

[0017] According to this configuration, as a light source
device that can be used in a lighting device that outputs white
light by combining light of three colors, that is, red output
light, green output light, and blue output light, in a case where
the wavelength of the light from the semiconductor laser,
which is a light source of the first blue light, is short, the light
source device can add an auxiliary second blue light having a
wavelength longer than that of the blue laser light, and can
generate blue output light by mixing these kinds of blue light.
[0018] In particular, the dominant wavelength of the first
blue light is greater than or equal to 435 nm and less than or
equal to 455 nm, and the dominant wavelength of the second
blue light is greater than or equal to 455 nm and less than or
equal to 510 nm. Moreover, the dominant wavelength of the
blue output light obtained by combining the first blue light
and the second blue light is greater than or equal to 455 nm
and less than or equal to 475 nm.

[0019] For example, the practical laser emission wave-
length when obtaining high output blue light by using a GaN-
based blue semiconductor laser is in a range greater than or
equal to 435 nm and less than or equal to 455 nm, and if the
dominant wavelength of the first blue light is in this wave-
length range, the present invention is especially preferable. In
that case, as the second blue light, light whose dominant
wavelength is greater than or equal to 455 nm and less than or
equal to 510 nm is preferable.

[0020] With respect to the blue output light obtained by
mixing the first and the second blue light, it is preferable that
the light spectrum and the intensity ratio of the first and the
second blue light are adjusted such that the dominant wave-
length of the blue output light becomes greater than or equal
to 455 nm and less than or equal to 475 nm. Such an intensity
ratio can improve the purplish chromaticity of the first blue
light. It is especially preferable that the light spectrum and the
intensity ratio of the first and the second blue light are
adjusted such that the dominant wavelength of the blue output
light becomes greater than or equal to 460 nm and less than or
equal to 470 nm. By adjusting the chromaticity to realize
dominant wavelengths of this sort, itis possible to obtain blue
output light that is superior in color rendering properties and
that can encompass the sSRGB standard range.

[0021] Further, in the light source device according to the
present invention, the light source of the second blue light is
a solid-state light source such as a light emitting diode or a
fluorescent material; the second blue light is composed of
light emitted from a fluorescent material that uses the light
source of the first blue light as an excitation light source; and
the green light source for obtaining the green output light is
composed of a solid-state light source, which is one of a light
emitting diode and a fluorescent material.

[0022] The present invention is a light source device using
a semiconductor laser, being a solid-state light source, as first,
primary blue light. In configuring a light source device using
the advantageous point thereof, as light sources for obtaining
second blue light and green light, it is preferable to use light
emitting diodes or fluorescent materials, which are solid-state
light sources.
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[0023] Further, in the light source device according to the
present invention, the second blue light can be obtained by
separating a part of light from the green light source by means
of'a color separation member such as a dichroic mirror or the
like, and the dominant wavelength of the green output light is
longer than the dominant wavelength of the second blue light.
[0024] As the green light source, a light emitting diode or a
fluorescent material can be used. Such a light source is a light
source having an appropriate spectrum range having its peak
in the green wavelength range. Therefore, it is possible to
separate, from among emission spectrum components
thereof, short-wavelength components by a dichroic mirror,
to be used as second blue light.

[0025] Further, in the light source device according to the
present invention, it is also possible to cause the first blue light
and the second blue light to be emitted at staggered timings.
According to this configuration, it is possible to obtain, as
blue output light, light that is obtained by time-averaging the
two kinds of blue light.

[0026] Moreover, the light source device according to the
present invention further includes an illuminance uniformiz-
ing part which combines red light, green light, and a first blue
light, and a second blue light emitted from the light source
device, and uniformizes the illuminance. The illuminance
uniformizing part is a rod integrator or a lens array.

[0027] Itis possible to configure a lighting device by using
the above lighting device and a relay optical system.

[0028] Itis possible to configure an image display device by
using the above lighting device, a spatial light modulator, and
a projection optical system which projects on a screen an
image emitted from the spatial light modulator.

[0029] According to the present invention, by using a solid-
state light source which has a long life and does not require
mercury, it is possible to realize a light source device that can
be used in a lighting device superior in color rendering prop-
erties and having appropriate red, green, and blue chromatic-
ity. Moreover, it is possible to provide a lighting device and an
image display device using the light source device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a diagram showing a configuration of a
light source device, and a lighting device and an image dis-
play device using the light source device according to a first
embodiment;

[0031] FIG. 2 is a diagram illustrating a spectrum of output
light from the light source device according to the first
embodiment;

[0032] FIG. 3 is a diagram showing a configuration of a
light source device and an image display device using the
light source according to a second embodiment;

[0033] FIG. 4 is a diagram illustrating a spectrum of output
light from the light source device according to the second
embodiment;

[0034] FIG. 5 is a diagram showing a configuration of a
light source device, and a lighting device and an image dis-
play device using the light source device according to a third
embodiment;

[0035] FIG. 6 is a diagram illustrating a spectrum of output
light from the light source device according to the third
embodiment;

[0036] FIG. 7 is a diagram showing a configuration of a
light source device, and a lighting device and an image dis-
play device using the light source device according to a fourth
embodiment;
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[0037] FIG. 8 is a diagram illustrating a segment configu-
ration of a glass base material of the light source device
according to the fourth embodiment;

[0038] FIG.9isadiagram illustrating a spectrum of output
light from the light source device according to the fourth
embodiment;

[0039] FIG. 10 is a diagram showing a configuration of a
light source device and a lighting device using the light source
device according to a fifth embodiment;

[0040] FIG. 11 is a diagram illustrating a segment configu-
ration of a glass base material of the light source device
according to the fiftth embodiment; and

[0041] FIG. 12 is a diagram illustrating color reproduction
ranges of an image display device using a laser and of a sSRGB
standard.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0042] Hereinafter, embodiments of a light source device,
and a lighting device and an image display device using the
light source device according to the present invention will be
described with reference to the drawings.

Embodiment 1

[0043] FIG. 1 shows a configuration of a light source
device, and a lighting device and an image display device
using the light source device according to a first embodiment.
The image display device includes a lighting device 20 and
other optical elements and the like that constitute the image
display device.

[0044] A dichroic coat that efficiently reflects visible light
is applied to the surface of one side of a glass base material
200, and further, a fluorescent material 201 which emits green
fluorescence is applied on that thin film. Although the method
of making the thin film of the fluorescent material is not
particularly limited, examples of such method include the
precipitation method, and the printing method. As shown in
FIG. 1, the glass base material 200 is rotatable, in an xyz-
coordinate system, about the z axis by means of a rotation part
202.

[0045] An excitation light source 203 is a blue semiconduc-
tor laser that oscillates around the wavelength of about 445
nm, and is composed of a plurality of laser diodes in order to
realize a high brightness light source device. In the present
embodiment, a total of 25 laser diodes are arranged in a 5x5
matrix. However, the number is not limited thereto, and is set
as appropriate in accordance with the intensity the fluores-
cence that is desired to be obtained. As shown in FIG. 1, all of
the laser diodes are adjusted so as to realize P polarization.
[0046] Excitation light emitted from the excitation light
source 203 is collimated by a collimator lens array 206. One
laser diode is provided for each lens cell of the collimator lens
array 206. After passing through a dichroic mirror 213, the
collimated laser light is condensed on the fluorescent material
201 by condenser lenses 207 and 208. The collimator lens
array 206 and the condenser lenses 207 and 208 are adjusted
such that all beams emitted from the plurality of laser diodes
form a spot having a certain diameter or less on the fluores-
cent material 201. In the present embodiment, the spot diam-
eter is adjusted to about @3 mm. Here, the condenser lenses
are composed of a set of two lenses. However, the condenser
lens may be composed of one lens or three or more lenses.
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[0047] The fluorescent material 201 is applied to all over
the circular surface of the glass base material 200 such that
even when the glass base material 200 is rotated about the z
axis, the excitation light is always radiated onto the fluores-
cent material. Green fluorescence emitted in the +z direction
from the fluorescent material 201 is substantially collimated
by the condenser lenses 207 and 208 and reflected by the
dichroic mirror 213.

[0048] Not all of the excitation light is wavelength-con-
verted into green fluorescence at the fluorescent material 201,
but there exists unconverted blue light. Of the blue excitation
light incident on the fluorescent material 201, the unconverted
blue light passes through the condenser lenses 207 and 208
again to be substantially collimated. The unconverted blue
light is scattered light scattered by the fluorescent material
201, and there exists light having polarization direction dif-
ferent from that at the time when the light was incident on the
fluorescent material. Therefore, among components of the
unconverted blue light that are incident on the dichroic mirror
213 again, S polarization components are reflected by the
dichroic mirror 213, which components will be first blue
light.

[0049] A blue light source 204 is an LED light source that
is designed to emit light whose main components are in a
wavelength range of wavelengths longer than those of the
blue light from the excitation light source 203 and of wave-
lengths shorter than those of the green fluorescence from the
fluorescent material 201. In the present embodiment, an LED
whose dominant wavelength is 462 nm is used. The blue light
emitted from the blue light source 204 is collimated by col-
limator lenses 209 and 210, and then passes through the
dichroic mirror 213. This resulting light will be second blue
light. That is, in the present embodiment, the first blue light is
obtained from the excitation light source 203, which is a blue
semiconductor laser, and the second blue light is obtained, by
the blue LED (the blue light source 204), which is a solid-
state light source, functioning as a blue light generation part.
[0050] The dichroic mirror 213 is a dichroic mirror having
a high transmission characteristic for P polarized light and a
high reflection characteristic for S polarized light, in the
wavelength range of the excitation light source 203; and a
high reflection characteristic, irrespective of the type of polar-
ization, that is, the P polarization or S polarization, in the
dominant wavelength range of the light from the blue light
source 204 and in the dominant wavelength range of the
fluorescence from the fluorescent material 201.

[0051] Although not shown, it is also possible to configure
an optical system essentially equivalent to that according to
the present embodiment in the following manner: the charac-
teristics of the dichroic mirror used in the present embodi-
ment may be reversed, and a dichroic mirror may be used that
has a high transmission characteristic for the light from the
blue light source 204 and the green fluorescence from the
fluorescent material 201, and the excitation light source may
be arranged so as to allow the S polarization.

[0052] A redlight source 205 is ared LED whose dominant
wavelength is 623 nm, and the light emitted therefrom is
collimated by collimator lenses 211 and 212.

[0053] The green fluorescence and the first and the second
blue light are reflected by a dichroic mirror 214. On the other
hand, the red light from the red light source 205 passes
through the dichroic mirror 214.

[0054] The above-described kinds of light are spatially
combined and the resultant light passes through a first inte-
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grator lens array 215, a second integrator lens array 216, a
polarization conversion element 217, and a condenser lens
218, which constitute an illuminance uniformizing part, and
then is spatially split according to wavelengths. In the present
embodiment, the light source device which emits red light,
green light, the first blue light, and the second blue light is
structured in the above configuration.

[0055] Next, components constituting a relay optical sys-
tem will be described. A dichroic mirror 219 is a dichroic
mirror having characteristics of reflecting the first and the
second blue light and transmitting green light and red light.
The blue light reflected by the dichroic mirror 219 advances
to a relay lens 220 and a reflection mirror 221, and then is
emitted as blue output light to the outside of the lighting
device 20.

[0056] Of the light that has passed through the dichroic
mirror 219 and a relay lens 222, green fluorescence is
reflected by a dichroic mirror 223, to be emitted as green
output light to the outside of the lighting device 20. The red
light which has passed through the dichroic mirror 223
advances to relay lenses 224 and 226 and reflection mirrors
225 and 227, and then emitted as red output light to the
outside of the lighting device 20.

[0057] FIG. 2 shows the light spectra of the red output light,
the green output light, and the blue output light, which are the
output light of three colors from the lighting device 20.
[0058] The spectra of the red output light and the green
output light have shapes reflecting the emission spectra of the
red LED and the green fluorescent material, respectively.
[0059] The spectrum of the blue output light has a shape
having two peaks as shown in FIG. 2. The short-wavelength
components having a peak around 445 nm represents the
spectrum of the first blue light, and the long-wavelength
components having a peak around 462 nm represents the
spectrum of the second blue light. The sum of the first blue
light and the second blue light constitutes the blue output
light. The xy-chromaticity coordinates of the first blue light
are: x=0.161 and y=0.014, and the xy-chromaticity coordi-
nates of the second blue light are: x=0.139 and y=0.053. The
xy-chromaticity coordinates of the blue output light obtained
by mixing them are: x=0.151 and y=0.031, and the blue color
rendering properties have been improved.

[0060] Theillumination light ofthree colors outputted from
the lighting device 20 pass through field lenses 228, 229, and
230 and incident-side polarizing plates 231,232, and 233, and
then are incident on a blue liquid-crystal-display element 234,
a green liquid-crystal-display element 235, and a red liquid-
crystal-display element 236, respectively.

[0061] Signal lights modulated in accordance with input
video signals by these liquid-crystal-display elements pass
exit-side polarizing plates 237, 238, and 239, and then are
incident on a cross dichroic prism 240. The modulated signal
light of three colors, that is red, green, and blue, are spatially
combined by the cross dichroic prism 240, to be projected on
a screen (not shown) in a magnified manner by a projector
lens 241.

Embodiment 2

[0062] FIG. 3 shows a configuration of a light source
device, and a lighting device and an image display device
using the light source device according to a second embodi-
ment. The image display device according to the present
embodiment is equivalent to that in embodiment 1, except for
the characteristics of a dichroic mirror 315 located after a first
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integrator lens array 311. Therefore, description of the same
configurations will be omitted.

[0063] The difference between the light source used in
embodiment 2 and that in embodiment 1 is whether a blue
LED is used. The present embodiment does not use a blue
LED.

[0064] An excitation light source 303 is a blue semiconduc-
tor laser that oscillates around the wavelength of about 445
nm, and all of the laser diodes are adjusted so as to realize S
polarization. Excitation light emitted from the excitation light
source 303 is collimated by a collimator lens array 305,
reflected by a dichroic mirror 310, and then condensed by
condenser lenses 306 and 307 onto a fluorescent material 301
which emits green fluorescence. The dichroic mirror 310 is a
dichroic mirror having characteristics that it transmits green
fluorescence in a highly efficient manner, and reflects light in
the red light wavelength range in a highly efficient manner.
The dichroic mirror 310 has characteristics that, in the wave-
length range of the excitation light, it exhibits a high trans-
mission characteristic for P polarized light, and exhibits a
high reflection characteristic for S polarized light.

[0065] The fluorescent material 301 is applied to all over
the circular surface of a glass base material 300, and the glass
base material 300 rotates about the z axis. Green fluorescence
emitted in the -z direction from the fluorescent material 301
is collimated by the condenser lenses 306 and 307, and passes
through the dichroic mirror 310. Of the blue excitation light
incident on the fluorescent material 301, P polarization com-
ponents of unconverted blue light pass through the condenser
lenses 306 and 307 to be collimated, and then pass through the
dichroic mirror 310.

[0066] A redlight source 304 is ared LED whose dominant
wavelength is 623 nm, and the light emitted therefrom is
collimated by collimator lenses 308 and 309, and then
reflected by the dichroic mirror 310.

[0067] Light obtained by the dichroic mirror 310 spatially
combining the unconverted excitation light, the green fluo-
rescence, and the red LED light passes through an integrator
lens array 311 and the like which constitute an illuminance
uniformizing part, and then spatially split by the dichroic
mirror 315 again.

[0068] FIG. 4 shows spectra of the light of three colors
outputted from a lighting device 30 to be incident onred, blue,
green liquid-crystal-display elements. In the present embodi-
ment, as the green fluorescent material, a fluorescent material
is used that emits light having more short-wavelength com-
ponents than the fluorescent material used in embodiment 1.
[0069] By selecting the cutoff wavelength of the dichroic
mirror 315 of about 505 nm, short-wavelength components of
the fluorescence are reflected by the dichroic mirror. There-
fore, the reflected light components can be used as the second
blue light. That is, in the present embodiment, the first blue
light is obtained as blue excitation light that has been emitted
from the excitation light source 303, which is a blue semi-
conductor laser, and that has not been converted by the fluo-
rescent material 301; and the second blue light is obtained
from the short-wavelength components of the green fluores-
cence obtained from the fluorescent material 301 which is a
solid-state light source, the short-wavelength components
being reflected by the dichroic mirror 315 functioning as a
color separation member (blue color generation part).
[0070] The dominant wavelength of the unconverted exci-
tation light, which is the first blue light, is 445 nm, and the
xy-chromaticity coordinates thereof are x=0.161 and y=0.
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014. The dominant wavelength of the second blue light,
which is composed of a part of spectral components of the
fluorescence, is 487 nm, and the xy-chromaticity coordinates
thereof are x=0.098 and y=0.414. The xy-chromaticity coor-
dinates of the blue output light obtained by mixing these two
kinds of light are x=0.153 and y=0.064. The xy-chromaticity
coordinates of the red output light are x=0.699 and y=0.301,
and the xy-chromaticity coordinates of the green output light
are x=0.252 and y=0.694. That is, light of three colors out-
putted from the lighting device according to the present
embodiment are illumination light that has superior color
rendering properties having a color reproduction range that
encompasses substantially all of the sSRGB standard range.

Embodiment 3

[0071] FIG. 5 shows a configuration of a light source
device, and a lighting device and an image display device
using the lighting device according to a third embodiment.
The image display device according to the present embodi-
ment is equivalent to that in embodiment 1, except for the
characteristics of a dichroic mirror 414 located after a first
integrator lens array 410.

[0072] In the present embodiment, a green LED is used as
a green light source 400, instead of the green fluorescent
material. A red light source 402 is a red LED, and an excita-
tion light source 401 of the first blue light is a blue semicon-
ductor laser that oscillates around the wavelength of about
445 nm. Similarly to embodiment 1, the light of three colors
are collimated by collimator lenses, spatially combined by
dichroic mirrors 408 and 409, and then incident on the first
integrator lens array 410 which is included by the illuminance
uniformizing part.

[0073] A dichroic mirror 408 is a dichroic mirror having a
high reflection characteristic in the red wavelength range, and
a high transmission characteristic in the green to blue wave-
length ranges. On the other hand, a dichroic mirror 409 is a
dichroic mirror having a high reflection characteristic in the
blue wavelength range, and a high transmission characteristic
in the green to red wavelength ranges.

[0074] By selecting the cutoff wavelength of the dichroic
mirror 414 of about 505 nm, short-wavelength components of
the green LED light are reflected by the dichroic mirror.
Therefore, the reflected light components can be used as the
second blue light. That is, in the present embodiment, the first
blue light is obtained from the excitation light source 401,
which is a blue semiconductor laser; and the second blue light
is obtained from short-wavelength components of the green
LED light emitted by the green LED (the green light source
400), the short-wavelength components being reflected by the
dichroic mirror 414 functioning as a color separation member
(blue color generation part). FIG. 6 shows the spectra of light
outputted from a lighting device 40 to be incident on red, blue,
and green liquid-crystal-display elements, respectively.
[0075] The dominant wavelength of the unconverted exci-
tation light, which is the first blue light, is 445 nm, and the
xy-chromaticity coordinates thereof are x=0.161 and y=0.
014. The dominant wavelength of the second blue light,
which is composed of a part of spectral components of the
green LED light, is 498 nm, and the xy-chromaticity coordi-
nates thereof are x=0.079 and y=0.469. The xy-chromaticity
coordinates of the blue output light obtained by mixing the
two kinds of light are x=0.153 and y=0.058, and the blue color
rendering properties have been improved. Moreover, the xy-
chromaticity coordinates of the red output light are x=0.699
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and y=0.301, and the xy-chromaticity coordinates of the
green output light are x=0.185 and y=0.743.

Embodiment 4

[0076] FIG. 7 shows a configuration of a light source
device, and a lighting device and an image display device
using the light source device according to a fourth embodi-
ment.

[0077] A glass base material 500 having a disc-like shape
has, on the surface on one side thereof, four segment areas that
are spatially divided, and a green fluorescent material 501 is
applied on a thin film in two of the four segment areas. FIG.
8 schematically shows the division of the segments. A seg-
ment 601 and a segment 604 are segments on which nothing
is applied, and a segment 602 and a segment 603 are segments
on which the green fluorescent material is applied. A rotation
part 502 is provided such that the glass base material 500
rotates about the z axis.

[0078] An excitation light source 503 is a blue semiconduc-
tor laser that oscillates around the wavelength of about 445
nm, and is a light source for the first blue light. The excitation
light emitted from the excitation light source 503 is colli-
mated by a collimator lens array 505, passes through a dich-
roic mirror 512, and then is condensed on the fluorescent
material 501 by condenser lenses 506 and 507.

[0079] A redlight source 504 is a red LED whose dominant
wavelength is 623 nm, and the light emitted therefrom is
collimated by collimator lenses 508 and 509.

[0080] By the rotation of the glass base material 500 being
controlled, the segment that is irradiated by the excitation
light is periodically changed in the order of segments 601,
602, 603, 604, and then 601 again.

[0081] For a time period in which the segment 601 is irra-
diated by the excitation light, the intensity of the excitation
light is set to a relatively low value or becomes 0, and instead,
the red light source is lit. For time periods in which the
segments 602, 603, and 604 are irradiated by the excitation
light, respectively, the intensity of the excitation light is set to
a relatively higher value than that of the excitation light radi-
ated on the segment 601.

[0082] A dichroic coat that allows high reflection of the
excitation light and green fluorescence is applied on the sur-
face of the glass base material 500 that corresponds to the
segment 602, and the green fluorescent material 501 is appli-
cation on that coat.

[0083] With respect to the segment 603, which corresponds
to a time period in which the segment 603 is irradiated by the
excitation light, the green fluorescent material 501 is applied
on the base plate that allows high transmission of the excita-
tion light and the green fluorescence, and moreover, on that
fluorescent material, a dichroic coat is applied that allows
high transmission of the excitation light and high reflection of
the green fluorescent material. Accordingly, in this segment,
the green fluorescence is emitted to a direction opposite to the
excitation light source 503. The green fluorescence which has
passed through the glass base material 500 to be emitted to the
opposite side is collimated by collimator lenses 510 and 511,
and then reflected by reflection mirrors 513 and 514 to be
incident on a dichroic mirror 515.

[0084] The excitation light radiated on the segment 604
passes through the glass base material 500 and is incident on
the dichroic mirror 515 via the collimator lenses 510 and 511,
and the reflection mirrors 513 and 514, as in the case of the
green fluorescence emitted from the segment 603.
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[0085] The dichroic mirror 515 is a dichroic mirror whose
cutoff wavelength is around 520 nm, and has a high transmis-
sion characteristic for shorter wavelengths than the cutoff
wavelength, and a high reflection characteristic for longer
wavelengths than the cutoff wavelength.

[0086] Therefore, dominant wavelength components of the
green fluorescence emitted from the segment 602 and the red
LED light are reflected by the dichroic mirror 515. On the
other hand, with respect to the light that passes through the
glass base material 500, the blue excitation light obtained
from the segment 604 passes through the dichroic mirror 515.
Moreover, a part of the green fluorescence obtained from the
segment 603 passes through the dichroic mirror 515, and
short-wavelength components of this green fluorescence
become components of the second blue light. That is, in the
present embodiment, the first blue light is obtained from the
excitation light source 503, which is a blue semiconductor
laser, and the second blue light is obtained from short-wave-
length components, of the green fluorescence obtained from
the green fluorescent material of the segment 603, which have
passed through the dichroic mirror 515 functioning as a color
separation member (blue color generation part).

[0087] The light spatially combined by the dichroic mirrors
is condensed by a condenser lens 516 to be supplied into a rod
integrator 517, which is a illuminance uniformizing part. As
output light from this lighting device 50, light having illumi-
nance uniformized by the rod integrator 517 can be obtained.
[0088] Further, light emitted from the rod integrator 517
passes through a relay lens 518, a field lens 519, and a total
reflection prism 520, and then is incident on a DMD 521,
which is an image display element. The relay optical system
is configured such that the shape of the exit surface of the rod
integrator is transferred onto the DMD 521 to allow efficient,
uniform condensation of light.

[0089] The DMD 521 includes micro mirrors arranged in a
two dimensional manner, and each mirror changes its incli-
nation in accordance with a video input signal of red, green, or
blue, thereby forming a signal light that is temporally modu-
lated. In the present embodiment, the segment 601 corre-
sponds to red signal light formation, the segment 602 corre-
sponds to green signal light formation, and the segments 603
and 604 correspond to blue signal light formation. The signal
light modulated in accordance with its corresponding input
video signal is projected on the screen (not shown) by a
projector lens 522 in a magnified manner.

[0090] FIG.9 shows spectra of illumination light outputted
from the lighting device 50 to be incident on the DMD. The
dominant wavelength of the unconverted excitation light,
which is the first blue light, is 445 nm, and the xy-chromatic-
ity coordinates thereof are x=0.161 and y=0.014. The domi-
nant wavelength of the second blue light composed of a part
of'spectral components of the green LED light is 503 nm, and
the xy-chromaticity coordinates thereof are x=0.072 and y=0.
550.

[0091] The xy-chromaticity coordinates of the blue output
light obtained by mixing the two kinds of light are x=0.153
and y=0.064, and the blue color rendering properties have
been improved. The xy-chromaticity coordinates of the red
output light are x=0.699 and y=0.301, and the xy-chromatic-
ity coordinates of the green output light are x=0.280 and
y=0.691.

Embodiment 5

[0092] FIG. 10 shows a configuration of a light source
device and a lighting device using the light source device
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according to a fifth embodiment. In the present embodiment,
a first light source part 70 has the same configuration as the
lighting device 50 in embodiment 4 up to the condenser lens
516 therein, except for the method of dividing segments on a
glass base material 700, and description of the same configu-
rations will be omitted.

[0093] In the present embodiment, a surface of the glass
base material 700 is spatially divided into three segment
areas, which is shown in FIG. 11. A segment 801 and a
segment 803 are segments on which nothing is applied, and
have a high transmission characteristic for the wavelength of
the excitation light. A segment 802 is a segment where a green
fluorescent material is applied on a dichroic coat having a
high reflection characteristic in the wavelength ranges of the
excitation light and the green fluorescence.

[0094] Light, which has passed through a condenser lens
716, outputted from the first light source part 70 is incident on
a triangular prism 730, reflected by a 45 degree inclined
surface of the triangular prism 730, and then incident on a rod
integrator 732.

[0095] Three color LEDs, that is, red, green, and blue,
respectively, are arranged in a second light source part 71.
Light from a blue light source 717, light from a green light
source 718, and light from a red light source 719 are colli-
mated by collimator lenses 720 to 725, and then are incident
on dichroic mirrors 727 and 728.

[0096] The dichroic mirror 727 is a dichroic mirror that
exhibits a high reflection characteristic in the red wavelength
range, and a high transmission characteristic in the green and
blue wavelength ranges. On the other hand, the dichroic mir-
ror 728 is a dichroic mirror that exhibits a high reflection
characteristic in the blue wavelength range, and a high trans-
mission characteristic in the green and red wavelength
ranges. Light obtained by spatially combining light from the
three color LEDs, that is, red, green, and blue is incident on a
triangular prism 731 by a condenser lens 729, reflected by a
45 degree inclined surface of the triangular prism 731, and
then is incident on the rod integrator 732, which is an illumi-
nance uniformizing part.

[0097] Timings at which the light sources are lit in the
present embodiment will be described below.

[0098] By the rotation of the glass base material 700 being
controlled, the segment on the glass base material that is
irradiated by the excitation light in first light source part is
periodically changed in the order of 801, 802, 803, and 801
again. For atime period in which the segment 801 is irradiated
by the excitation light, the intensity of the excitation light
becomes 0, and instead, a red light source 704 is lit. Further,
in synchronization with this timing, the red light source 719 in
the second light source part is lit.

[0099] Similarly, for a time period in which the segment
802 is irradiated by the excitation light, the green light source
718 in the second light source part is lit simultaneously. For a
time period in which the segment 803 is irradiated by the
excitation light, the blue light source 717 in the second light
source part is lit simultaneously. In this manner, the light
sources in the first light source part and the light sources in the
second light source part are adjusted so as to allow simulta-
neous switching of the emission of light from relevant light
sources.

[0100] The blue light outputted from the first light source
partis semiconductor laser light whose wavelength is 445 nm,
which is to be the first blue light in the above embodiments.
The blue light outputted from the second light source part is
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LED light whose dominant wavelength is 462 nm, which is to
be the second blue light. That is, in the present embodiment,
the first blue light is obtained from an excitation light source
703, which is a blue semiconductor laser; and the second blue
light is obtained by the blue light source 717 functioning as
the blue light generation part, the blue light source 717 being
a solid-state light source. These two kinds of blue light are
spatially combined by the rod integrator 732, whereby the
illuminance thereof is uniformized, and the resultant light is
emitted as blue output light from the rod integrator.
[0101] Inthepresentembodiment, also with respect to each
of red light and green light, two kinds of light are spatially
combined. With respect to the red output light, light from two
red LEDs are combined by the rod integrator 732. With
respect to the green output light, green fluorescence from a
fluorescent material 701 and light from the green LED are
similarly combined by means of the rod integrator 732. In this
manner, by using a plurality of light sources for each kind of
light having a color gamut, brighter illumination light can be
obtained.
What is claimed is:
1. A light source device designed to emit red light, green
light, and blue light,
the blue light including first blue light and second blue
light,
the light source device comprising:
a red solid-state light source for emitting the red light;
a green solid-state light source for emitting the green
light;
a semiconductor laser for emitting the first blue light;
and
a blue light generation part for emitting the second blue
light, wherein
the main component of the second blue light is light in a
wavelength range of wavelengths longer than that of the
first blue light.
2. The light source device according to claim 1, wherein
the blue light generation part is one of a solid-state light
source and a color separation member for separating a
short-wavelength component of the green light emitted
from the green solid-state light source.
3. The light source device according to claim 1, wherein
a dominant wavelength of the first blue light is greater than
or equal to 435 nm and less than or equal to 455 nm.
4. The light source device according to claim 1, wherein
a dominant wavelength of the second blue light is greater
than orequal to 455 nm and less than or equal to 510 nm.

Dec. 1, 2011

5. The light source device according to claim 1, wherein

the second blue light is obtained from a light emitting
diode.

6. The light source device according to claim 1, wherein

the second blue light is obtained from a fluorescent mate-
rial.

7. The light source device according to claim 1, wherein

the second blue light is light emitted from a fluorescent
material that uses the first blue light as excitation light.

8. The light source device according to claim 1, wherein

the green light is obtained one of a light emitting diode, a
fluorescent material, and a semiconductor laser.

9. The light source device according to claim 2, wherein

the color separation member is a dichroic mirror.

10. The light source device according to claim 1, wherein

a dominant wavelength of the green light is longer than a
dominant wavelength of the second blue light.

11. The light source device according to claim 1, wherein

the first blue light and the second blue light are emitted at
staggered timings.

12. The light source device according to claim 1, further

comprising:

an illuminance uniformizing part for combining the red
light, the green light, the first blue light, and the second
blue light, and for uniformizing the illuminance of the
resultant light.

13. The light source device according to claim 12, wherein

the illuminance uniformizing part is one of a rod integrator
and a lens array.

14. The light source device according to claim 12, wherein

a dominant wavelength of combined light of the first blue
light and the second blue light is greater than or equal to
455 nm and less than or equal to 475 nm.

15. A lighting device comprising the light source device

according to claim 12 and a relay optical system.

16. An image display device comprising:

the light source device according to claim 12;

a relay optical system;

a spatial light modulator for displaying an image signal
from without and for radiating combined light from the
lighting device; and

a projection optical system for projecting on a screen
images that have passed through or have been reflected
from the spatial light modulator.
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