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LIGHT SOURCE APPARATUS, LIGHTING
APPARATUS, AND PROJECTION-TYPE
DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a light source appa-
ratus that uses a phosphor.

BACKGROUND ART

[0002] Some recent projectors use a light source apparatus
that uses a phosphor as a light source. A light source apparatus
includes an excitation light source that supplies excitation
light and a phosphor unit that emits fluorescent light (visible
light) by the excitation caused by excitation light that is
supplied from the excitation light source.

[0003] In the above-described projector, fluorescent lumi-
nous flux that is emitted from the phosphor unit is irradiated
upon a display element, and image light that is formed by the
display element is projected upon a screen by projection
lenses.

[0004] Inthe above-described light source apparatus, how-
ever, excitation light is always irradiated upon the same
region of the phosphor unit, and damage (such as burns) to the
phosphor caused by the excitation light may therefore occur if
the intensity of the excitation light is high.

[0005] A projection-type display apparatus has therefore
been proposed in which damage to the phosphor by excitation
light can be mitigated (Patent Document 1).

[0006] The projection-type display apparatus described in
Patent Document 1 includes: a light-emitting diode that sup-
plies ultraviolet light, a color wheel that converts the ultra-
violet light that is supplied from the light-emitting diode to
visible light, a spatial modulator that is irradiated by the
visible light from the color wheel, and projection lens that
projects the modulated light from the spatial modulator onto
a screen.

[0007] Thecolorwheel includes a transparent substrate that
can rotate, a phosphor layer that is formed on one surface of
the transparent substrate, and a visible-light-reflecting layer
that is formed on the other surface of the transparent substrate
and that transmits ultraviolet light and reflects visible light.

[0008] Theultraviolet light from the light-emitting diode is
irradiated onto the surface of the visible-light-reflecting layer
of'the color wheel while the color wheel is being rotated. The
irradiated ultraviolet light reaches the phosphor layer and
excites the phosphor. The fluorescent light that is emitted
from the phosphor exits from the phosphor wheel as visible
light.

[0009] Of the fluorescent light that is emitted from the
phosphor, the fluorescent light that is directed toward the
transparent substrate, after passing through the transparent
substrate, is reflected toward the transparent substrate side at
the visible-light-reflecting layer. The reflected light from the
visible-light-reflecting layer transmits through the transpar-
ent substrate and the phosphor layer.

[0010] According to the above-described projection-type
display apparatus, rotating the color wheel causes the light
spot of the excitation light to move over the phosphor layer,
whereby damage to the phosphor due to the excitation light
can be mitigated.
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LITERATURE OF THE PRIOR ART

Patent Documents

[0011] Patent Document 1: Japanese Unexamined Patent
Publication Number 2004-341105

SUMMARY OF THE INVENTION

[0012] Nevertheless, the projection-type display apparatus
described in Patent Document 1 requires a rotation drive
system for rotating the color wheel, and this results in the
apparatus having both a larger size and increased cost.
[0013] It is an object of the present invention to provide a
compact and low-cost light source apparatus that can mitigate
damage to the phosphor caused by the excitation light without
using a rotation drive system.

[0014] It is yet another object of the present invention to
provide a lighting apparatus and projection-type display
apparatus that use this light source apparatus.

[0015] The light source apparatus of the present invention
for achieving the above-described objects includes:

[0016] a phosphor unit that emits fluorescent light due to
the excitation caused by excitation light;

[0017] anexcitation light source unit that supplies the exci-
tation light;
[0018] a reflection unit that reflects the excitation light that

is supplied from the excitation light source unit toward the
phosphor unit and that transmits the fluorescent light that is
emitted from the phosphor unit; and

[0019] collimator lens that is provided between the reflec-
tion unit and the phosphor unit and whose focal distance
differs according to wavelength;

[0020] wherein:

[0021] the phosphor unit is disposed at a position deter-
mined by the focal distance of the collimator lens at the
wavelength of the fluorescent light that is emitted from the
phosphor unit; and

[0022] the collimator lens includes at least one first lens
having a negative power and at least one second lens having a
positive power, the Abbe number of the second lens being
smaller than that of the first lens.

[0023] The lighting apparatus of the present invention
includes:

[0024] the above-described light source apparatus;

[0025] first and second solid-state light sources whose

emitted light colors differ from each other; and

[0026] color-combining means that combines fluorescent
light that is supplied from the light source apparatus and first
and second light that are supplied from the first and second
solid-state light sources.

[0027] The projection-type display apparatus of the present
invention includes:

[0028] the above-described light source apparatus;

[0029] first and second solid-state light sources whose
emitted colors differ;

[0030] color-combining means that combines fluorescent
light that is supplied from the light source apparatus and first
and second light that are supplied from the first and second
solid-state light sources;

[0031] adisplay element that spatially modulates the com-
bined light that is combined by the color-combining means to
generate modulated light; and

[0032] projection optics that project the modulated light
that was generated by the display element.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG.1 is a schematic view showing the light source
apparatus that is an exemplary embodiment of the present
invention.

[0034] FIG. 2 is a graph showing the spectral transmission
characteristics with respect to P-polarized light and S-polar-
ized light of the dichroic mirror of the light source apparatus
shown in FIG. 1.

[0035] FIG.3A is a schematic view showing an example of
the irradiated region of excitation light.

[0036] FIG. 3B is a schematic view showing another
example of the irradiated region of excitation light.

[0037] FIG. 3C is a schematic view showing another
example of the irradiated region of excitation light.

[0038] FIG. 3D is a schematic view showing another
example of the irradiated region of excitation light.

[0039] FIG. 3E is a schematic view showing another
example of the irradiated region of excitation light.

[0040] FIG. 3F is a schematic view showing another
example of the irradiated region of excitation light.

[0041] FIG. 3G is a schematic view showing another
example of the irradiated region of excitation light.

[0042] FIG. 3H is a schematic view showing another
example of the irradiated region of excitation light.

[0043] FIG. 4 is a graph showing the result of calculating
optical utilization efficiency for each of the irradiation
regions shown in FIGS. 3A-3H.

[0044] FIG. 5 is a schematic view for describing the pro-
jection-type display apparatus that is equipped with the light
source apparatus shown in FIG. 1 that was used for calculat-
ing the characteristics shown in FIG. 4.

[0045] FIG. 6A is a view for describing an example of the
design data of the collimator lens of the light source apparatus
shown in FIG. 1.

[0046] FIG. 6B shows the result of finding etendue of the
panel side according to the panel size.

[0047] FIG. 6C shows the result of finding the maximum
light-emitting area based on the light-source side etendue that
accords with panel size.

[0048] FIG. 6D shows an example of the coefficient relat-
ing to the non-spherical surface that corresponds to surface
number 2 shown in FIG. 6A.

[0049] FIG. 7 is a schematic view showing the configura-
tion of the lighting apparatus that is equipped with the light
source apparatus of the present invention.

[0050] FIG. 8 is a graph showing spectral transmission
characteristics with respect to P-polarized light and S-polar-
ized light of the dichroic mirror that is located in the latter-
most stage of the three dichroic mirrors of the lighting appa-
ratus shown in FIG. 7.

[0051] FIG. 9 is a schematic view showing an example of
the projection-type display device that is equipped with the
light source apparatus of the present invention.

EXPLANATION OF REFERENCE NUMBERS
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BEST MODE FOR CARRYING OUT THE
INVENTION

[0056] Theexemplary embodiment of the present invention
is next described with reference to the accompanying draw-
ings.

[0057] FIG. 1 is a schematic view showing the configura-

tion of the light source apparatus that is an exemplary
embodiment of the present invention.

[0058] Referring to FIG. 1, the light source apparatus is a
device used in a projection-type display apparatus such as a
projector and includes: excitation light sources 12 and 13,
phosphor unit 14, collimator lenses 15, 18, and 19, dichroic
mirror 51a, and light path changing mirrors 52 and 53.
[0059] InFIG. 1, each of the light paths of excitation light
that are supplied from excitation light sources 12 and 13 and
the light path of fluorescent light that is emitted from phos-
phor unit 14 are shown by solid lines (heavy lines) with
arrows. The light paths of each color are all indicated only by
the light paths of the center rays, but the light is actually
luminous flux composed of a plurality of light rays.

[0060] Phosphor unit 14 includes a substrate and a phos-
phor layer that is formed on one surface of the substrate. A
transparent substrate is used as the substrate, a reflection film
that reflects the emitted color of the fluorescent light is pro-
vided on this transparent substrate, and a phosphor layer is
applied with a uniform thickness onto this reflection film.
[0061] The emitted color of the phosphor that forms the
phosphor layer is, for example, green, and the excitation of
this phosphor by excitation light of a shorter wavelength than
the green wavelength causes green fluorescent light to be
emitted from the phosphor layer. The phosphor color may be
acolor other than green, and may be, for example, red orblue.
[0062] Excitation light sources 12 and 13 are light sources
that supply S-polarized excitation light of a wavelength that is
shorter than the wavelength of green fluorescent light and are
constituted by solid-state light sources of which, for example,
ablue laser or ablue LED is representative. When the emitted
color of the phosphor is a color other than green, excitation
light sources 12 and 13 supply S-polarized excitation light of
a wavelength that is shorter than the wavelength of the fluo-
rescent light of this color.

[0063] The excitation light that is supplied from excitation
light source 12 is irradiated into dichroic mirror 51a at an
angle of incidence of approximately 45°. The light path of the
excitation light that is supplied from excitation light source 13
is altered by mirrors 52 and 53 and then irradiated into dich-
roic mirror 51qa at an angle of incidence of approximately 45°.
[0064] Dichroic mirror 51a reflects excitation light from
excitation light sources 12 and 13 toward phosphor unit 14
and transmits fluorescent light (green) that is emitted from
phosphor unit 14.

[0065] FIG. 2 shows the spectral transmission characteris-
tics with respect to P-polarized light and S-polarized light of
dichroic mirror 51a. In FIG. 2, the spectral transmission
characteristic with respect to S-polarized light is shown by
alternate long and short dash lines, and the spectral transmis-
sion characteristic with respect to P-polarized light is shown
by broken lines. The spectrum (Excitation) on the low-wave-
length side is the spectrum of the excitation light that is
supplied from excitation light sources 12 and 13.

[0052] 12,13 ex01tat101.1 light source [0066] The cutoff wavelength is defined as the wavelength
[0053] 14 phosphor unit at which the transmittance becomes 50%. The cutoff wave-
[0054] 15, 18, 19 collimator lens length of dichroic mirror 51a with respect to light that is
[0055] 51a dichroic mirror entered as S-polarized light is set to reflect light of a wave-
Maxell, Ltd.
EX2011
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length that is equal to or shorter than the blue wavelength
band and transmit light of other wavelength bands (including
the green and red wavelength bands). The cutoff wavelength
of dichroic mirror 51a with respect to light that is entered as
P-polarized light is set to wavelengths that are shorter than the
cutoff wavelength with respect to S-polarized light. The set-
ting of the cutoff wavelength can be adjusted by means of, for
example, the material, number of layers, film thickness, and
refractive index of the dielectric multilayer films.

[0067] Indichroic mirror 51a having the spectral transmis-
sion characteristics shown in FIG. 2, S-polarized light whose
wavelength is equal to or shorter than the blue wavelength
band is reflected, and S-polarized light and P-polarized light
of wavelengths of the green and red wavelength bands pass
through dichroic mirror 51a.

[0068] Again referring to FIG. 1, collimator lens 15 both
acts to convert green fluorescent light (divergent light) that is
emitted from the phosphor region of phosphor unit 14 to
parallel luminous flux (first action) and to condense the exci-
tation light from excitation light sources 12 and 13 in a state
in which a certain defocus amount is provided on phosphor
unit 14 (second action). Here, a state having a defocus amount
means that the excitation light is not condensed on one point
on phosphor unit 14.

[0069] In the present exemplary embodiment, collimator
lens 15 having the first and second actions is realized by
constructively using a phenomenon by which the size and
position of an image shifts due to color dispersion in which
refractive index changes according to wavelength.

[0070] More specifically, collimator lens 15 is composed of
two convex lenses 154 and 155 and one concave lens 15¢.
Lenses 15a and 155 are high-dispersion lenses having posi-
tive power. Lens 15c¢ is a low-dispersion lens having negative
power.

[0071] Due to the occurrence of color dispersion in colli-
mator lens 15 that has high-dispersion lenses having positive
power and a low-dispersion lens having negative power, the
refractive index is changed by wavelength, whereby a differ-
ence occurs between the focal distance for the wavelength of
fluorescent light and the focal distance for the wavelength of
excitation light.

[0072] Accordingly, if phosphor unit 14 is disposed at the
position of the focal distance for the wavelength of fluores-
cent light of collimator lens 15, green fluorescent light (diver-
gent light) that is emitted from phosphor unit 14 can be
converted to parallel luminous flux, and excitation light from
excitation light sources 12 and 13 can be condensed in a state
having a certain defocus amount on phosphor unit 14,
whereby the first and second actions are realized.

[0073] By means of the first and second actions, damage to
the phosphor caused by excitation light can be mitigated
without using a rotation drive system, and reduction of the
optical utilization efficiency can be prevented.

[0074] The principles for realizing simultaneous mitigation
of' damage to the phosphor caused by the excitation light and
preventing a reduction of optical utilization efficiency by
means of the first and second actions are next described in
specific terms.

[0075] Explanation first regards the relationship between
the region on phosphor unit 14 that is irradiated by excitation
light and the optical utilization efficiency of fluorescent light
that is emitted from this irradiated region when the distance x
(mm) between lens 15a of collimator lens 15 and phosphor
unit 14 is changed. Here, the region that is irradiated by
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excitation light corresponds to size of the spot of the excita-
tion light on phosphor unit 14.

[0076] FIGS. 3A-3H give schematic representations of the
region that is irradiated by excitation light when the distance
X (mm) is changed in increments of 0.5 mm over a range of
1.00 mm to 1.35 mm The wavelength of excitation light that
is supplied from excitation light sources 12 and 13 is 445 nm.
[0077] FIG. 3A is an example of the irradiated region when
distance x (mm) is 1.00 mm. The area of the irradiated region
is 0.03 mm? (=0.25 mmx0.30 mm).

[0078] FIG. 3B is an example of the irradiated region when
distance x (mm) is 1.05 mm. The area of the irradiated region
is 0.005 mm?* (=0.1 mmx0.05 mm).

[0079] FIG. 3C is an example of the irradiated region when
distance x (mm) is 1.10 mm. The area of the irradiated region
is 0.0025 mm? (=0.05 mmx0.05 mm).

[0080] FIG. 3D is an example of the irradiated region when
distance x (mm) is 1.15 mm. The area of the irradiated region
is 0.015 mm® (=0.15 mmx0.1 mm).

[0081] FIG. 3E is an example of the irradiated region when
distance x (mm) is 1.20 mm. The area of the irradiated region
is 0.05 mm? (=0.25 mmx0.2 mm).

[0082] FIG. 3F is an example of the irradiated region when
distance x (mm) is 1.25 mm. The area of the irradiated region
is 0.0875 mm? (=0.35 mmx0.25 mm)

[0083] FIG. 3G is an example of the irradiated region when
distance x (mm) is 1.30 mm. The area of the irradiated region
is 0.22 mm? (=0.55 mmx0.4 mm).

[0084] FIG. 3H is an example of the irradiated region when
distance x (mm) is 1.35 mm. The area of the irradiated region
is 0.27 mm? (=0.6 mmx0.45 mm).

[0085] As shown in FIGS. 3A-3H, the size of the irradiated
region changes according to the value of distance x. When
distance x is 1.10 mm, the size of the irradiated region is a
minimum, and in this state, phosphor unit 14 is disposed in the
vicinity of the focal distance of collimator lens 15 for light of
a wavelength of 445 nm.

[0086] FIG. 4 shows the result of calculating the optical
utilization efficiency for each of the irradiation regions shown
in FIGS. 3A-3H by means of a computer. The minimum
required configuration of the projection-type display appara-
tus shown in FIG. 5 in which the light source apparatus of the
present exemplary embodiment is applied was used in this
calculation.

[0087] In the example shown in FIG. 5, fluorescent light
that is transmitted through dichroic minor 51a is irradiated
onto DMD 46 by way of optics.

[0088] The optics include: fly-eye lenses 40 and 41, field
lens 42, minor 43, condenser lens 44, and total internal reflec-
tion (TIR) prism 45.

[0089] Fly-eyelenses 40 and 41, field lens 42, and minor 43
are arranged in this order in the direction of advance of
fluorescent light that is transmitted by dichroic mirror 51a.
[0090] Condenser lens 44 and TIR prism 45 are arranged in
this order in the direction of advance of light that is reflected
by mirror 43.

[0091] Fly-eyelenses 40 and 41 are components for obtain-
ing rectangular and uniform illumination light on the irradi-
ated surface of DMD 46, are each made up of a plurality of
micro-lenses, and are arranged such that the micro-lenses
have a one-to-one correspondence.

[0092] Light that is transmitted through fly-eye lenses 40
and 41 is irradiated into TIR prism 45 by way of field lens 42,
minor 43, and condenser lens 44.
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[0093] TIR prism 45 is made up of two triangular prisms.
Light that was condensed by condenser lens 44 enters into
TIR prism 45 from the side surface of one of the triangular
prisms. In TIR prism 45, the incident light undergoes total
reflection at the inclined surfaces of the triangular prisms and
this reflected light exits toward DMD 46 from the other sur-
face of the triangular prisms. Because the surface at which the
two triangular prisms are joined is also the total reflection
surface, an air layer is necessary between the two surfaces.
Accordingly, when the two triangular prisms are joined
together, an air layer is provided between the two triangular
prisms by interposing spacers and then bonding the prisms.
[0094] DMD 46 spatially modulates light that enters from
TIR prism 45. The modulated light (image light) from DMD
46 again enters into TIR prism 45 from the other surface of the
triangular prism, and this incident image light passes without
alteration through the junction surface of the triangular
prisms and exits from the side surface of the other triangular
prism.

[0095] Themodulated light that exits from DMD 46 by way
of TIR prism 45 is projected upon an external screen by
projection optics 47.

[0096] FIG. 4 shows the result of calculating, as the optical
utilization efficiency, the ratio of the amount of fluorescent
light that enters to projection optics 47 to the amount of light
of fluorescent light that is emitted from the irradiated regions
for each of the irradiated regions shown in FIGS. 3A-3H in
the construction shown in FIG. 5.

[0097] InFIG. 4, the graph shown by solid lines with white
circles shows the change in the optical utilization efficiency
with respect to distance x, and the graph shown by broken
lines with black circles shows the change in the size of the
irradiated regions with respect to distance x.

[0098] As shown in FIG. 4, the magnitude of the optical
utilization efficiency changes according to the value of dis-
tance X. Because the magnitude of the optical utilization
efficiency is at a maximum when distance x is 1.20 mm,
phosphor unit 14 is disposed in the vicinity of the focal
distance of collimator lens 15 for the wavelength of fluores-
cent light (here, the wavelength of green) in this state. In other
words, the degree of conversion to parallel luminous flux of
fluorescent light by collimator lens 15 is in the optimum state
when distance x is 1.20 mm.

[0099] On the other hand, because the size of the irradiated
region is smallest when distance x is 1.10 mm, phosphor unit
14 is arranged in the vicinity of the focal distance of collima-
tor lens 15 for a wavelength of 445 nm (the wavelength of
excitation light) in this state.

[0100] According to the results shown in FIG. 4, the focal
distance of collimator lens 15 differs according to the wave-
length, and arranging phosphor unit 14 at the position of the
focal distance of collimator lens 15 that corresponds to the
wavelength of fluorescent light (for example, the position at
which the distance x is 1.2 mm) enables an increase in the
optical utilization efficiency. In this case, the excitation light
is condensed on phosphor unit 14 by means of collimator lens
15 in a state that includes a certain defocus amount, whereby
the optical energy density per unit area on phosphor unit 14
decreases and the damage to the phosphor can be mitigated.
[0101] Chromatic aberration is normally corrected by
forming each of a convex lens and a concave lens that use two
types of glass having different dispersion and then combining
the convex lens and concave lens. Within the range of the
wavelength of visible light, light of shorter wavelengths is
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more strongly condensed by a convex lens. On the other hand,
light of shorter wavelengths is more strongly dispersed by a
concave lens. The dispersive action of a concave lens is less
than the convergent action of a convex lens, but using high-
dispersion glass having a low Abbe number (or reciprocal
dispersion) for the concave lens can make the image forma-
tion point match for light of different wavelengths.

[0102] The Abbe number (or reciprocal dispersion) is an
index for appraising the chromatic dispersion (change in
refractive index due to wavelength) of a transparent body.
Abbe number v, is expressed by the following formula:

va=(ng—1)+(n—nc)

[0103] Here, “d” represents the d ray (587.5618 nm), “F”
represents the F ray (486.1327 nm), and “C” represents the C
ray (656.2725 nm). A case in which the Abbe number v, is
high is called low dispersion, and in contrast, a case in which
the value of the Abbe number is low is called high dispersion.
Typically, low-dispersion glass for which the value of Abbe
number v, is greater than 50 is called “crown glass,” and
high-dispersion glass for which the Abbe number v, is 50 or
lower is called “flint glass.”

[0104] The correction of chromatic aberration normally
calls for the use of a combination of a lens (convex lens)
composed of low-dispersion glass having a positive power
and a lens (concave lens) composed of high-dispersion glass
having a negative power.

[0105] When a collimator lens is also used as a condenser
lens, fluorescent light can be collimated, and moreover, exci-
tation light can be condensed at one point when chromatic
aberration is cancelled by means of chromatic aberration
correction. When the condensing spot of excitation light is
made small, the energy density increases and the efficiency of
fluorescent light emission is increased. In this case, however,
the phosphor may be burned by the excitation light (damage
to the phosphor).

[0106] In the present exemplary embodiment, in contrast,
collimator lens 15 is configured such that chromatic aberra-
tion is produced. More specifically, collimator lens 15
includes high-dispersion lenses 154 and 155 that have a posi-
tive power and low-dispersion lens 15¢ that has a negative
power. The combination of these lenses 15a4-15¢ are in a
relation that is the absolute opposite of the combination when
carrying out the above-described correction of chromatic
aberration. As a result, the above-described first and second
actions are realized and damage to the phosphor by the exci-
tation light is reduced.

[0107] FIG. 6A shows an example of the design data relat-
ing to lenses 15a-15¢ of collimator lens 15.

[0108] In FIG. 6A, L1, .2, and L3 correspond to lenses
154, 155, and 15¢, respectively. Surface numbers 1-6 corre-
spond to each of the surfaces of lenses 15a-15¢, and numbers
are assigned in order on the phosphor unit 14 side. Surface
number 0 indicates the surface of phosphor unit 14. A curva-
ture radius of negative value indicates that the shape of the
surface when viewed from the side of phosphor unit 14 is
concave. A curvature radius of positive value indicates that
the shape of the surface when viewed from the phosphor unit
14 side is convex.

[0109] The surface on the phosphor unit 14 side of lens 154
(L1) s planar, and the surface on the opposite side is a convex
surface (the curvature radius being -2.96967 mm) The refrac-
tive index of lens 15a is 1.648, and the Abbe number is 33.8.
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[0110] The surface on the phosphor unit 14 side oflens 1554
(L2) is a convex surface (the curvature radius being 17 mm)
and the surface of the opposite side is also a convex surface
(the curvature radius being 17 mm). The refractive index of
lens 1556 is 1.648, and the Abbe number is 33.8.

[0111] The surface on the phosphor unit 14 side of lens 15¢
is planar, and the surface on the opposite side is concave (the
curvature radius being 16.43 mm). The refractive index of
lens 15¢ is 1.517, and the Abbe number is 64.2.

[0112] The surface of surface number 2 is an aspheric sur-
face and is prescribed by a coefficient such as shown in FIG.
6D. Here, k is a conic coefficient, and (xi is an aspheric
coefficient. The amount of displacement {?} z is given by the
following equation:

o [Equation 1]
1=
1+ V1=(1+k)2r?

o +aprt + a3r® + ayr® + asrt®

r2:x2+y2

[0113] According to the light source apparatus of the
present exemplary embodiment described hereinabove, phos-
phor unit 14 is arranged at a position determined by the focal
distance that corresponds to the wavelength of the fluorescent
light of collimator lens 15, and nearly all of the green fluo-
rescent light (divergent light) that is emitted from phosphor
unit 14 can therefore be converted to parallel luminous flux,
whereby the optical utilization efficiency can be raised.

[0114] In addition, collimator lens 15 is made up of high-
dispersion lenses 15a and 155 that have a positive power and
low-dispersion lens 15¢ that has a negative power, whereby
the focal distance is changed by wavelength. Accordingly,
when phosphor unit 14 is arranged at a position determined by
the focal distance of collimator lens 15 that corresponds to the
wavelength of the fluorescent light, collimator lens 15 con-
denses the excitation light from excitation light sources 12
and 13 in a state in which a certain defocus amount is provided
on phosphor unit 14. The optical energy density per unit area
is thus decreased, whereby the damage to the phosphor
caused by the excitation light can be mitigated.

[0115] In addition, according to the light source apparatus
of the present exemplary embodiment, the need for a rotation
drive system such as described in Patent Document 1 is elimi-
nated, whereby the device can be made correspondingly
smaller and the cost of the device can be reduced.

[0116] The light source apparatus of the present exemplary
embodiment further exhibits the following action and effect.

[0117] The projection-type display apparatus shown in
FIG. 5 suffers from the limitation known as Etendue that is
determined by the area of the light irradiation region on
phosphor unit 14 and the angle of divergence of fluorescent
light that is emitted from this excitation light irradiation
region. By making the value of the product of the area of the
excitation light irradiation region (more specifically, the area
of emission of fluorescent light) and the angle of divergence
equal to or less than the value of the product of the area of
DMD 46, which is the display element, and the acceptance
angle (solid angle) that is determined by the f-number of
projection optics 47, fluorescent light from phosphor unit 14
can be taken in and projected without waste.
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[0118] If the irradiated region (spot size) of the excitation
light on phosphor unit 14 is within the range that is restricted
by the limitation of etendue, the optical utilization efficiency
is substantially the same regardless of the size of the irradi-
ated region.

[0119] The relationship between etendue and the spot size
of excitation light on phosphor unit 14 is next described in
detail.

[0120] Etendue thatcanbe received on the DMD 46 (panel)
side is first described.

[0121] The panel-side etendue is represented by the follow-
ing equation.

E _ Spana X7 [Equation 2]
Panel = 4% Fﬂ02
[0122] Here, E,,,,,, indicates the panel-side etendue, S,, ..,

indicates the area of the panel, and Fno indicates the f-number
of projection optics 47.

[0123] FIG. 6B shows the results of using the above-de-
scribed equation to find panel-side etendue that accords with
the panel size. FIG. 6B shows the value (mm?/sr) of etendue
as the f-number is changed from 1.8 to 2, 2.2, and 2.4 for each
of'a 0.2-inch panel and a 0.3-inch panel. The aspect ratio of
both the 0.2-inch panel and 0.3-inch panel is 4:3.

[0124] The etendue that can be received on the phosphor
unit 14 (light source) side is next described.

[0125] The light source-side etendue is represented by the
following equation.

— .2 .
ELight source=SLight sourceXT¥SIN" 0 [Equation 3]

[0126] Here, B, 00 indicates the etendue of the light
SOUICE, Sy, /s 0.0 INdicates the light-emitting area of the light
source, and 0 indicates the solid angle of the light source.
[0127] FIG. 6C shows the results of using the above-de-
scribed equation to find the etendue of the light source accord-
ing to panel size and to find the maximum light-emitting area
from these results. FIG. 6C shows the value (mm) of the
maximum light-emitting area when the f-number is changed
from 1.8 t0 2, 2.2, and 2.4 for each of a 0.2-inch panel and a
0.3-inch panel. For example, when the f-number is 2.4, the
light-emitting area (light-emitting size) that can be received
in a 0.2-inch panel when the limits of etendue are satisfied is
up to ¢0.8 mm.

[0128] The excitation light that is irradiated into phosphor
unit 14 diffuses within the phosphor layer, whereby the light-
emitting area of fluorescent light becomes greater than the
spot size (beam radius) of the excitation light on phosphor
unit 14. Taking this into consideration, if it is assumed that the
light-emitting size of phosphorunit 14 is twice the spot size of
the excitation light, the conditions of etendue will be satisfied
by making the spot size of the excitation light no greater than
$0.4 mm when the panel size is 0.2 inches at an f-number of
2.4. Conversely, if the spot size of the excitation light is no
greater than $0.4 mm, the optical utilization efficiency of the
projection-type display apparatus will not drop because the
conditions of etendue will be satisfied regardless of the spot
size.

[0129] Decreasing the spot size of the excitation light
results in the potential for damaging the phosphor, and the
spot size of the excitation light is therefore preferably
increased within the range that satisfies the conditions of
etendue.
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[0130] Collimator lens 15 plays the roles of both condens-
ing excitation light on phosphor unit 14 and converting the
fluorescent light to parallel luminous flux. In order to make
the spot size of the excitation light as large as possible within
the range that satisfies the conditions of etendue, and more-
over, to convert the fluorescent light from phosphor unit 14 to
parallel luminous flux, the focal distance of collimator lens 15
in the wavelength band of the excitation light is preferably
different from the focal distance of collimator lens 15 in the
wavelength band of fluorescent light (green).

[0131] In the light source apparatus of the present exem-
plary embodiment, according to considerations that are the
reverse of correcting chromatic aberration, configuring colli-
mator lens 15 by combining a lens having positive power and
a lens having negative power, and moreover, configuring the
lens having positive power from high-dispersion glass and
configuring the lens having negative power from low-disper-
sion glass constructively generates chromatic aberration to
cause the focal distance to differ by wavelength.

[0132] Collimator lens 15 condenses excitation light on
phosphor unit 14 in a certain size of spot within an irradiation
region that is determined by the above-described conditions
of etendue. In this way, a decrease in optical utilization effi-
ciency can be prevented and damage to the phosphor can be
reduced.

[0133] Forexample, by configuring collimator lens 15 such
that the focal distance in the wavelength of excitation light
(for example, blue) is 5%-10% shorter than the focal distance
in the wavelength of fluorescent light (for example, green),
the spot of excitation light can be increased to a certain size
within the range that satisfies the conditions of etendue. In
this way, a decrease of optical utilization efficiency can be
reliably prevented and damage to the phosphor of excitation
light can be reduced.

[0134] The light source apparatus of the present exemplary
embodiment can further obtain the following effects.

[0135] Typically, when chromatic aberration is controlled
only by a lens having positive power, this control depends
only on the Abbe number. The Abbe number depends on the
glass material that is used in the lens, and as a result, a
collimator lens that is made up only of lenses having a posi-
tive power raises the problem of very limited freedom of
design relating to the control of chromatic aberration.
[0136] According to the light source apparatus of the
present exemplary embodiment, chromatic aberration of col-
limator lens 15 is controlled by the combination of a lens
having positive power and a lens having negative power. In
this case, chromatic aberration can be controlled by the rela-
tion of the Abbe number of the lens having positive power and
the Abbe number of the lens having a negative power,
whereby the degree of freedom in design relating to the con-
trol of chromatic aberration is increased.

[0137] The light source apparatus of the present exemplary
embodiment described hereinabove is one example of the
present invention, and its configuration is open to modifica-
tions that will be clear to one of ordinary skill in the art within
a scope that does not depart from the gist of the invention.
[0138] For example, the number of lenses of each of high-
dispersion lenses having a positive power and low-dispersion
lenses having a negative power may be one or may be two or
more.

[0139] Inaddition, the number of excitation light sources is
not limited to two. The number of excitation light sources
may be one or may be three or more.
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[0140] A lighting apparatus in which the light source appa-
ratus of the present invention is applied is next described.
[0141] FIG. 7 is a schematic view showing the configura-
tion of a lighting apparatus in which the light source apparatus
of the present invention is applied.

[0142] Referring to FIG. 7, the lighting apparatus is an
apparatus used in a projection-type display apparatus such as
aprojector and includes: red laser 10, blue laser 11, excitation
light sources 12 and 13, phosphor unit 14, collimator lenses
15-19, dichroic mirrors 51a, 515, and 51c¢, and light path
changing mirrors 52 and 53.

[0143] Excitation light source 12 and 13, phosphor unit 14,
collimator lens 15, and dichroic minor 51a are the same as the
components described in the light source apparatus shown in
FIG. 1 and redundant explanation is therefore here omitted.
[0144] InFIG. 7, the light path of the red laser light that is
supplied from red laser 10, the light path of the blue laser light
that is supplied from blue laser 11, the light path of the
excitation light supplied from excitation light sources 12 and
13, and the light path of the green fluorescent light that is
emitted from phosphor wheel 14 are each shown by solid
lines (heavy lines) with arrows.

[0145] The white arrow is light in which the red laser light,
blue laser light, and green fluorescent light have been com-
bined and is the output light of the lighting apparatus of the
present exemplary embodiment. All of the light paths of each
color show only the light paths of the center rays and are
actually made up of luminous flux composed of a plurality of
rays.

[0146] Red laser 10 and blue laser 11 are solid-state light
sources such as LEDs or semiconductor lasers such as a laser
diode. Red laser 10 supplies S-polarized laser light (herein-
below referred to as simply red laser light) having a peak
wavelength in the red wavelength band. Blue laser 11 sup-
plies S-polarized laser light (hereinbelow referred to as sim-
ply blue laser light) having a peak wavelength in the blue
wavelength band. The peak wavelength of the output light of
excitation light sources 12 and 13 may be the same as that of
the blue laser 11, or may be different.

[0147] Collimator lens 16 converts the red laser light (di-
vergent light) that is supplied from red laser 10 to parallel
luminous flux. Collimator lens 17 converts the blue laser light
(divergent light) supplied from blue laser 11 to parallel lumi-
nous flux. Collimator lens 18 converts the excitation light
(divergent light) supplied from excitation light source 12 to
parallel luminous flux. Collimator lens 19 converts the exci-
tation light (divergent light) supplied from excitation light
source 13 to parallel luminous flux.

[0148] Red laser 10, blue laser 11, and excitation light
sources 12 and 13 are each arranged to emit light in the same
direction. More specifically, each of the optical axes of red
laser 10, blue laser 11, and excitation light sources 12 and 13
is mutually parallel.

[0149] All of dichroic mirrors 51a-51¢ are made up of
dielectric multilayer films. Dichroic mirrors 51a-51c are
arranged to intersect the center ray of the green fluorescent
luminous flux that is emitted from phosphor unit 14. Dichroic
mirrors 51a-51c¢ are arranged in this order from the side of
phosphor unit 14. Dichroic mirrors 51a-51¢ may be arranged
orthogonal to the plane that contains the center ray of fluo-
rescent luminous flux.

[0150] The film characteristics of dichroic mirrors 51a and
515 are the same. In other words, dichroic mirrors 51a and
515 both have the characteristics shown in FIG. 2.
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[0151] The film characteristics of dichroic mirror 51¢ differ
from the characteristics of dichroic mirrors 51a and 515.

[0152] FIG. 8 shows the spectral transmission characteris-
tics with respect to P-polarized light and S-polarized light of
dichroic mirror 51c¢. In FIG. 8, the solid lines show the spec-
tral transmission characteristics with respect to S-polarized
light, and the dotted lines show the spectral transmission
characteristics with respect to P-polarized light. R-LD is the
spectrum of red laser light that is supplied from red laser 10.
[0153] The cutoff wavelength of dichroic mirror 51¢ with
respect to light that is entered as S-polarized light is set to
reflect light of wavelength that is equal to or greater than the
red wavelength band and transmit light of other wavelength
bands (including green and blue wavelength bands). The cut-
off wavelength of dichroic mirror 51¢ with respect to light
that is entered as P-polarized light is set to wavelengths that
are longer than the cutoff wavelength with respect to S-po-
larized light. In this case as well, the setting of the cutoff
wavelength can be adjusted by, for example, the material,
number of layers, film thickness, and refractive index of the
dielectric multilayer films.

[0154] Indichroic mirror 51¢ that has the spectral transmis-
sion characteristics shown in FIG. 8, S-polarized light of
wavelength that is equal to or greater than the red wavelength
band is reflected, and S-polarized light and P-polarized light
of wavelengths of the green and blue wavelength bands pass
dichroic mirror 51c.

[0155] In the lighting apparatus of the present exemplary
embodiment, excitation light that is supplied from excitation
light source 12 and that is converted to parallel luminous flux
by collimator lens 18 enters to dichroic mirror 51a at an angle
of'incidence of approximately 45°. The excitation light that is
supplied from excitation light source 13 and that is converted
to parallel luminous flux by collimator lens 19 enters, by way
of mirrors 52 and 53, to dichroic mirror 51a at an angle of
incidence of approximately 45°.

[0156] Dichroic mirror 51a reflects the incident excitation
light in the direction of phosphor unit 14. The excitation light
that is reflected by dichroic mirror 51a is condensed in the
phosphor region of phosphor unit 14 by way of collimator
lens 15.

[0157] In the phosphor region of phosphor unit 14, the
phosphorundergoes excitation by the irradiation of excitation
light. Green fluorescent light is emitted from the excited
phosphor.

[0158] The green fluorescent light (divergent light) that is
emitted from the phosphor region of phosphor unit 14 is
converted to parallel luminous flux by collimator lens 15 and
then enters into dichroic mirror 51a. The incident green fluo-
rescent light passes through Dichroic mirror 51a.

[0159] The transmitted luminous flux of the green fluores-
cent light from dichroic mirror 51a enters into dichroic mirror
516 at an angle of incidence of approximately 45°. Dichroic
mirror 515 is arranged at the intersection of the optical axis of
blue laser 11 and the luminous flux of the green fluorescent
light from phosphor unit 14 (more specifically, the optical
axis of the system that includes phosphor unit 14 and colli-
mator lens 15). Blue laser light from blue laser 11 enters to
dichroic mirror 515 at an angle of incidence of approximately
45°.

[0160] Dichroic mirror 515 reflects the blue laser light from
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dichroic mirror 51a, whereby the blue laser light from blue
laser 11 and the green fluorescent light from dichroic mirror
51a are color-combined.

[0161] The luminous flux from dichroic mirror 5154 (blue
laser light+green fluorescent light) enters into dichroic mirror
51c at an angle of incidence of approximately 45°. Dichroic
mirror 51c is arranged at the intersection of the optical axis of
red laser 10 and the luminous flux of green fluorescent light
from phosphor unit 14 (more specifically, the optical axis of
the system that includes phosphor unit 14 and collimator lens
15). The red laser light from red laser 10 enters into dichroic
mirror 51c¢ at an angle of incidence of approximately 45°.

[0162] Dichroic mirror 51c reflects red laser light from red
laser 10 and transmits the luminous flux (blue laser light+
green fluorescent light) from dichroic mirror 515, whereby
the red laser light from red laser 10 and the luminous flux
from dichroic mirror 5156 (blue laser light+green fluorescent
light) are color-combined.

[0163] Dichroic mirrors 515 and 51c¢ are color-combining
means that combine blue laser light, green fluorescent light,
and red laser light. The luminous flux from dichroic mirror
51c (blue laser light+green fluorescent light+red laser light) is
the output light of the lighting apparatus of the present exem-
plary embodiment.

[0164] The above-described lighting apparatus of the
present exemplary embodiment also exhibits the same action
and effects as the previously described exemplary embodi-
ment of the light source apparatus.

[0165] The lighting apparatus of the present exemplary
embodiment described hereinabove is also open to the vari-
ous modifications described in the exemplary embodiment of
the previously described light source apparatus.

[0166] In addition, dichroic mirrors 51a-51¢ may be made
up of a rectangular-shaped dichroic prism.

[0167] The dichroic prism is made up of first and second
right-angle prisms, a trapezoid-shaped prism, and a parallelo-
gram-shaped prism. Each of the first and second right-angle
prisms has right-angled surfaces and an inclined surface, the
inclined surface of the first right-angle prism being joined to
one of the opposing inclined surfaces of the trapezoid-shaped
prism and a dichroic film that corresponds to dichroic mirror
51a being formed on this bonding surface.

[0168] One of the opposing inclined surfaces of the paral-
lelogram-shaped prism is bonded to the other opposing
inclined surface of the trapezoid-shaped prism, and a dichroic
film that corresponds to dichroic mirror 515 is formed on this
bonding surface.

[0169] The other opposing inclined surface of the parallelo-
gram-shaped prism is bonded to the inclined surface of the
second right-angle prism, and a dichroic film that corresponds
to dichroic mirror 51c¢ is formed on this bonding surface.

[0170] Alternatively, the dichroic prism may be made up of
first to third right-angle prisms and a parallelogram-shaped
prism.

[0171] Each ofthe first to third right-angle prisms has right-
angled surfaces and an inclined surface, the inclined surface
of the first right-angle prism being bonded to one of the
right-angled surfaces of the second right-angle prism, and a
dichroic film that corresponds to dichroic mirror S1a being
formed on this bonding surface.

blue laser 11 toward dichroic mirror 51¢ and transmits the [0172] One of the two opposing surfaces of the parallelo-
transmitted luminous flux of the green fluorescent light from gram-shaped prism is bonded to the other right-angled sur-
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face of the second right-angle prism, and a dichroic film that
corresponds to dichroic mirror 515 is formed on this bonding
surface.

[0173] The other of the two opposing surfaces of the par-
allelogram-shaped prism is bonded to the inclined surface of
the third right-angle prism, and a dichroic film that corre-
sponds to dichroic mirror 51c¢ is formed on this bonding
surface.

[0174] Alternatively, a cross-dichroic prism may be used in
place of dichroic mirrors 515 and 51c in the lighting apparatus
of the present exemplary embodiment.

[0175] The cross-dichroic prism is made up of first to fourth
right-angle prisms in which surfaces that form right angles are
bonded together. A uniform first plane is formed by the bond-
ing surfaces of the first and second right-angle prisms and the
bonding surfaces of the third and fourth right-angle prisms,
and a dichroic film that has the same film characteristics as
dichroic mirror 515 is formed on this first plane.

[0176] A uniform second plane that intersects the first plane
is formed by the bonding surfaces of the first and fourth
right-angle prisms and the bonding surfaces of the second and
third right-angle prisms, and a dichroic film that has the same
film characteristics as dichroic mirror 51¢ is formed on this
second plane.

[0177] Inaddition, optics or light guide means for guiding
light that is supplied from dichroic mirror 51¢ may be pro-
vided in the lighting apparatus of the present exemplary
embodiment.

[0178] Still further, the positions of dichroic mirrors 515
and 51¢ may be reversed. In other words, dichroic mirrors
51a, 51¢, and 515 may be arranged in this order from the side
of phosphor unit 14. In this case, the positions of red laser 10
and blue laser 11 are also reversed.

[0179] Still further, a parallelogram-shaped prism may be
used in place of mirrors 52 and 53 for changing light paths.

Another Exemplary Embodiment

[0180] The light source apparatus of another exemplary
embodiment includes: a phosphor unit that emits fluorescent
light by the excitation caused by excitation light, an excitation
light source unit that supplies excitation light, a reflection unit
that reflects excitation light that is supplied from the excita-
tion light source unit toward the phosphor unit and that trans-
mits fluorescent light that is emitted from the phosphor unit,
and a collimator lens that is provided between the reflection
unit and the phosphor unit and whose focal distance differs
according to wavelength.

[0181] The phosphor unit is arranged at a position that is
determined by the focal distance of the collimator lens that
corresponds to the wavelength of fluorescent light that is
emitted from the phosphor unit. The collimator lens includes
at least one first lens having negative power and at least one
second lens having positive power, an Abbe number of the
second lens being lower than that of the first lens.

[0182] The excitation light source unit may be made up of
excitation light sources 12 and 13 shown in FIG. 1. The
reflection unit may be made up of dichroic mirror 51a shown
in FIG. 1. The collimator lens may be made up of collimator
lens 15 shown in FIG. 1.

[0183] The light source apparatus of this other exemplary
embodiment also exhibits the same action and effect as the
previously described exemplary embodiments.
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[0184] The light source apparatus of the present invention
described hereinabove can be applied to all types of projec-
tion-type display apparatuses, of which projectors are repre-
sentative.

[0185] The projection-type display apparatus includes: first
and second solid-state light sources whose emitted light col-
ors differ from each other, color-combining means that com-
bines fluorescent light supplied from a light source apparatus
and first and second light that are supplied from first and
second solid-state light sources, a display element that spa-
tially modulates the combined light that is combined by the
color-combining means to generate modulated light, and pro-
jection optics that project the modulated light that was gen-
erated by the display element. The display element is, for
example, a DMD or liquid crystal panel.

[0186] FIG. 9 shows an example of the projection-type
display apparatus that is equipped with the light source appa-
ratus of the present invention.

[0187] Referring to FIG. 9, the projection-type display
apparatus includes: DMD 46 that is the display element, the
lighting apparatus of the second exemplary embodiment,
optics for guiding the light from the lighting apparatus to
DMD 46, and projection optics 47 that project the image light
(modulated light) that was formed by DMD 46 onto a screen
(not shown in the figures).

[0188] The optics include fly-eye lenses 40 and 41, field
lens 42, mirror 43, condenser lens 44, and total internal reflec-
tion (TIR) prism 45. These components are the same as shown
in FIG. 5.

[0189] By controlling the timing of lighting excitation light
sources 12 and 13, red laser 10, and blue laser 11, luminous
flux of each of the colors red, green, and blue is emitted from
color-combining prism 20 in time divisions. Image light of
each color can be obtained by using DMD 46 to spatially
modulate this luminous flux of each color that is emitted in
time divisions.

[0190] Light source apparatuses of other exemplary
embodiments described hereinabove may be used in the
above-described projection-type display apparatus.

1. A light source apparatus comprising:

a phosphor unit that emits fluorescent light by the excita-
tion caused by excitation light;

an excitation light source unit that supplies said excitation
light;

a reflection unit that reflects said excitation light that is
supplied from said excitation light source unit toward
said phosphor unit and that transmits said fluorescent
light that is emitted from said phosphor unit; and

collimator lens that is provided between said reflection unit
and said phosphor unit and whose focal distance differs
according to wavelength;

wherein:

said phosphor unit is disposed at a position determined by
the focal distance of said collimator lens at the wave-
length of said fluorescent light that is emitted from said
phosphor unit; and

said collimator lens includes at least one first lens having a
negative power and at least one second lens having a
positive power, a Abbe number of said second lens being
smaller than that of said first lens.

2. The light source apparatus as set forth in claim 1,

wherein said second lens is disposed more toward the side of
said phosphor unit than said first lens.
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3. The light source apparatus as set forth in claim 1,
wherein said collimator lens is configured such that the focal
distance at the wavelength of said excitation light that is
supplied from said excitation light source unit is 5% to 10%
shorter than the focal distance at the wavelength of said fluo-
rescent light that is emitted from said phosphor unit.

4. The light source apparatus as set forth in claim 1,
wherein said excitation light source unit includes first and
second excitation light sources, and the center ray of excita-
tion light from said first excitation light source that is reflected
by said reflection unit and the center ray of excitation light
from said second excitation light source that is reflected by
said reflection unit are in a positional relationship of linear
symmetry around the optical axis of said collimator lens.

5. A lighting apparatus comprising:

a light source apparatus as set forth in claim 1;

first and second solid-state light sources whose emitted
light colors differ from each other; and

acolor-combining unit that combines fluorescent light sup-
plied from said light source apparatus and first and sec-
ond light supplied from said first and second solid-state
light sources.

6. A projection-type display apparatus comprising:

the light source apparatus as set forth in claim 1;

first and second solid-state light sources whose emitted
light colors differ from each other;

a color-combining unit that combines fluorescent light that
is supplied from said light source apparatus and first and
second light that is supplied from said first and second
solid-state light sources;

a display element that spatially modulates the combined
light that is combined by said color-combining unit to
generate modulated light; and

projection optics that project said modulated light that was
generated by said display element.

7. The light source apparatus as set forth in claim 2,
wherein said collimator lens is configured such that the focal
distance at the wavelength of said excitation light that is
supplied from said excitation light source unit is 5% to 10%
shorter than the focal distance at the wavelength of said fluo-
rescent light that is emitted from said phosphor unit.

8. The light source apparatus as set forth in claim 2,
wherein said excitation light source unit includes first and
second excitation light sources, and the center ray of excita-
tion light from said first excitation light source that is reflected
by said reflection unit and the center ray of excitation light
from said second excitation light source that is reflected by
said reflection unit are in a positional relationship of linear
symmetry around the optical axis of said collimator lens,

9. The light source apparatus as set forth in claim 3,
wherein said excitation light source unit includes first and
second excitation light sources, and the center ray of excita-
tion light from said first excitation light source that is reflected
by said reflection unit and the center ray of excitation light
from said second excitation light source that is reflected by
said reflection unit are in a positional relationship of linear
symmetry around the optical axis of said collimator lens.

10. A lighting apparatus comprising:

a light source apparatus as set forth in claim 2;

first and second solid-state light sources whose emitted
light colors differ from each other; and
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a color-combining unit that combines fluorescent light sup-
plied from said light source apparatus and first and sec-
ond light supplied from said first and second solid-state
light sources.

11. A lighting apparatus comprising:

a light source apparatus as set forth in claim 3;

first and second solid-state light sources whose emitted
light colors differ from each other; and

a color-combining unit that combines fluorescent light sup-
plied from said light source apparatus and first and sec-
ond light supplied from said first and second solid-state
light sources.

12. A lighting apparatus comprising:

a light source apparatus as set forth in claim 4;

first and second solid-state light sources whose emitted
light colors differ from each other; and

a color-combining unit that combines fluorescent light sup-
plied from said light source apparatus and first and sec-
ond light supplied from said first and second solid-state
light sources.

13. A projection-type display apparatus comprising:

the light source apparatus as set forth in claim 2;

first and second solid-state light sources whose emitted
light colors differ from each other;

a color-combining unit that combines fluorescent light that
is supplied from said light source apparatus and first and
second light that is supplied from said first and second
solid-state light sources;

a display element that spatially modulates the combined
light that is combined by said color-combining unit to
generate modulated light; and

projection optics that project said modulated light that was
generated by said display element.

14. A projection-type display apparatus comprising:

the light source apparatus as set forth in claim 3;

first and second solid-state light sources whose emitted
light colors differ from each other;

a color-combining unit that combines fluorescent light that
is supplied from said light source apparatus and first and
second light that is supplied from said first and second
solid-state light sources;

a display element that spatially modulates the combined
light that is combined by said color-combining unit to
generate modulated light; and

projection optics that project said modulated light that was
generated by said display element.

15. A projection-type display apparatus comprising:

the light source apparatus as set forth in claim 4;

first and second solid-state light sources whose emitted
light colors differ from each other;

a color-combining unit that combines fluorescent light that
is supplied from said light source apparatus and first and
second light that is supplied from said first and second
solid-state light sources;

a display element that spatially modulates the combined
light that is combined by said color-combining unit to
generate modulated light; and

projection optics that project said modulated light that was
generated by said display element.

#* #* #* #* #*

Maxell, Ltd.
EX2011
Page 18 of 18



