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A first light source device includes: a solid-state light source; a condenser element
that collects light from the solid-state light source; a retardation plate that converts
linearly polarized light into circularly polarized light; and a reflection plate, wherein
the retardation plate is disposed at a point of incidence of collected light and
divergent light between the condenser element and the reflection plate. A second
light source device includes: a solid-state light source; a retardation plate that

[57] | Abstract:

changes a polarization direction of light from the solid-state light source to make

a ratio of p-polarization and s-polarization components of the light constant under
control; and a dichroic mirror that separates the light from the retardation plate
according to the polarization direction, wherein the retardation plate is disposed at a
point of incidence of one of collected light and divergent light between the solid-state
light source and the dichroic mirror.
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FIG. 3 shows one example of angle dependence of polarized light
transmittance of each of the thin-film retardation plate (the solid line) and a
quartz retardation plate (the dashed line). In the figure, it is assumed that
the transmittance of one of linear polarization components of linearly polarized
light incident on the retardation plate after the linearly polarized light is
converted into circularly polarized light is defined as polarized light
transmittance, and the polarized light transmittance is plotted with respect to
the angle of incidence. This is a graph normalized by setting the polarized
light transmittance where the angle of incidence is zero degrees to 1.0. The
polarized light transmittance of the thin-film retardation plate drops by 6% in
the range of the angle of incidence from -30 degrees to +30 degrees while the
polarized light transmittance of the quartz retardation plate drops by 12% in
the range of the angle of incidence from -5 degrees to +5 degrees. The
thin-film retardation plate is a retardation plate having a very small
dependence on the angle of incidence and can therefore convert linearly
polarized incident light into circularly polarized light with high efficiency even
when the thin-film retardation plate is disposed at a point of incidence of
collected light or divergent light. Furthermore, since quarter-wave plate 38 is
disposed at a point of incidence of collected light or divergent light, the size of
the quarter-wave plate can be reduced to half or less and the cost for the
quarter-wave plate can be significantly reduced as compared to an existing case
where the quarter-wave plate is disposed at a point of incidence of parallel
light.

The circularly polarized light resulting from the conversion by
quarter-wave plate 38 is inverted in phase by reflection plate 39 having a
reflection film such as aluminum or a multilayer dielectric film, thus becomes

divergent light as the light circularly polarized in the reverse direction, and is
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converted into s-polarized light through quarter-wave plate 38. Furthermore,
since no member that distorts the polarized light is disposed between
quarter-wave plate 38 and reflection plate 39, it is possible to convert the
p-polarized light into the s-polarized light with high efficiency.

The s-polarized light resulting from the conversion by quarter-wave
plate 38 is diffused again by second diffusion plate 37, then converted into
parallel light by condenser lens 36, and reflected off dichroic mirror 29.

In this way, the fluorescence light from phosphor plate 35 and the blue
light resulting from efficient polarization conversion are combined by dichroic
mirror 29 and thus emitted as white light. The yellow light containing
fluorescent green and red components and the blue light from semiconductor
laser 21 can lead to emission properties with a good white balance. Even
when an optical system in the projéction display apparatus separates light
having such spectral emission properties into three primary color—blue, green,
and red—rays, it is possible to obtain single-colored light having desired
chromaticity coordinates.

Although the thin-film retardation plate is used as the quarter-wave
plate in the above description, it may be possible to use a microstructural
retardation plate that uses birefringence exhibited due to a microscopic,
periodic structure of a size not greater than the wavelength of light. Since the
microstructural retardation plate has a microscopic structure of a size not
greater than the wavelength of light, the polarized light transmittance thereof
has a small dependence on the angle of incidence as does the thin-film
retardation plate shown in FIG. 3, and thus the microstructural retardation
plate can be disposed at a point of incidence of collected light.

As described above, the light source device in the present disclosure

separates light from the plurality of semiconductor lasers by the dichroic
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mirror and efficiently collects and combines green and red light radiated by
being excited by one of the rays resulting from the separation, and the blue
light that is the other of the rays resulting from the polarization conversion
through the small retardation plate disposed at a point of incidence of collected
light, to obtain white light; thus, a small, efficient, inexpensive light source
device can be configured.

Second Exemplary Embodiment

FIG. 4 is a configuration diagram of a light source device according to
the second exemplary embodiment of the present disclosure.

Light source device 72 according to the second exemplary embodiment
includes: semiconductor laser 51; heat-dissipating plate 52; light-collecting lens
53; heat sink 54; condenser lenses 56 and 59; mirror 57; half-wave plate 58,
which is a first retardation plate; first diffusion plate 60; dichroic mirror 61;
condenser lenses 62 and 63, each of which is the first condenser element;
phosphor plate 67; condenser lens 68, which is the second condenser element;
second diffusion plate 69; quarter-wave plate 70, which is a second retardation
plate; and reflection plate 71. A model of each light flux 55 emitted from the
solid-state light source and polarization directions of light entering dichroic
mirror 61 and emitted therefrom are illustrated in this figure. Phosphor plate
67 includes motor 66 and aluminum substrate 65 having a reflection film and
phosphor layer 64.

Elements that are the same as or similar to those in light source device
40 according to the first exemplary embodiment of the present disclosure are:
semiconductor laser 51; heat-dissipating plate 52; light-collecting lens 53; heat
sink 54; first diffusion plate 60; condenser lenses 62 and 63; phosphor plate 67;
condenser lens 68; second diffusion plate 69; quarter-wave plate 70, which is

the second retardation plate; and reflection plate 71.

10

b

L



10

15

20

25

On heat-dissipating plate 52, 24 (6 X 4) semiconductor lasers 51 and
light-collecting lenses 53 are two-dimensionally arranged at regular intervals
in a square form. Heat sink 54 is for cooling semiconductor lasers 51.
Semiconductor laser 51 radiates blue light in the wavelength range from 447
nm to 462 nm and emits linearly polarized light. In FIG. 4, each
semiconductor laser is disposed so that the polarized light emitted from
semiconductor laser 51 becomes p-polarized light with respect to the plane of
incidence of dichroic mirror 61 in the state where no retardation plate is
interposed. The light emitted from the plurality of semiconductor lasers 51 is
collected by corresponding light-collecting lenses 53 and converted into parallel
light fluxes 55. The group of light fluxes 55 is collected by convex condenser
lens 56 and reflected off mirror 57. The reflected collected light is collected,
then becomes divergent light, and enters half-wave plate 58, which is the first
retardation plate. The light entering half-wave plate 58 has an angle of
incidence of 40 degrees or less. Half-wave plate 58 is a retardation plate
through which a phase difference around the central emission wavelength of
semiconductor laser 51 is one-half of a wavelength. Assuming that the
direction of the p-polarized light in FIG. 4 is at zero degrees, the optical axis of
half-wave plate 58 is positioned at 32.5 degrees. An adjustment mechanism is
provided for half-wave plate 58 in the direction of rotation so that the
positioning angle of the optical axis thereof can be adjusted.

The polarization direction of the p-polarized light from semiconductor
laser 51 is changed to 65 degrees by half-wave plate 58, resulting in the light
intensity of the p-polarization component being 18% and the light intensity of
the s-polarization component being 82%.

Half-wave plate 58 is a thin-film retardation plate that wuses

birefringence due to oblique vapor deposition of a dielectric material. The
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thin-film retardation plate includes an inorganic material, thus having
excellent durability and reliability as is an inorganic optical crystal such as
quartz. In addition, since a thin-film wave plate is formed by stacking layers
with a sufficiently smaller thickness than the wavelength of light, a change in
the phase difference with respect to the angle of incidence of light is
significantly smaller than that of a retardation plate including an inorganic
optical crystal such as quartz. Therefore, the direction of the p-polarized light
from semiconductor laser 51 can be rotated and changed with high efficiency
even when the thin-film wave plate is disposed at a point of incidence of
collected or diverging light. Furthermore, since half-wave plate 58 is disposed
at a point of incidence of collected light, the size of the half-wave plate can be
reduced to half or less and the cost for the half-wave plate can be significantly
reduced as compared to an existing case where the half-wave plate is disposed
at a point of incidence of parallel light.

The light transmitted by half-wave plate 58 is converted into
substantial parallel light by condenser lens 59, enters first diffusion plate 60
and is diffused before entering dichroic mirror 61.

FIG. 5 shows spectral transmittance properties of dichroic mirror 61.
Dichroic mirror 61 has such properties that the transmittance thereof for the
s-polarized light having a wavelength of 465 nm and the p-polarized light
having a wavelength of 442 nm is 50% and that the blue light is transmitted
and reflected while the colored light containing green and red components is
transmitted with transmittance of 96% or more. The s-polarization
component of light entering dichroic mirror 61 is reflected while the
p-polarization component thereof is transmitted. The optical axis of half-wave
plate 58 is positioned at 32.5 degrees, and thus the polarization direction of the

polarized incident light is 65 degrees, resulting in the light intensity of the
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s-polarization component being 82% and the light intensity of the
p-polarization component being 18%.

Condenser lenses 62 and 63 collect the s-polarized light reflected off
dichroic mirror 61, and the collected light is superimposed on spot light having
a diameter of 1.5 mm to 2.5 mm with light intensity of 13.5% of peak intensity
and enters phosphor plate 67. First diffusion plate 60 diffuses the light so that
the diameter of the spot light has a desired diameter. Phosphor plate 67 is a
circular, rotatable and controllable substrate that includes motor 66 in a
central area and aluminum substrate 65 having a reflection film and phosphor
layer 64. The reflection film of phosphor plate 67, which is a metal film or a
dielectric film that reflects visible light, is formed on the aluminum substrate.
Furthermore, phosphor layer 64 is formed on the reflection film. Phosphor
layer 64 has a Ce-activated YAG yellow phosphor which is excited by blue light
and radiates yellow light containing green and red components. A
representative chemical composition of the crystal matrix of this phosphor is
YsAls012.  Phosphor layer 64 is formed in a circular annular shape.

Phosphor layer 64 excited by the spot light radiates yellow light
including light containing green and red components. Phosphor plate 67,
which is an aluminum substrate, can be rotated to inhibit a temperature rise in
phosphor layer 64 that is caused by excitation light, and thus stably maintain
the phosphor conversion efficiency. The light incident on phosphor layer 64
results in colored fluorescence including green and red components and then is
emitted from phosphor plate 67. The light radiated on the reflection film side
1s reflected off the reflection film and then emitted from phosphor plate 67.
The green and red light emitted from phosphor plate 67 becomes natural light,
and then is collected again by condenser lenses 62 and 63 and converted into

substantially parallel light, thereafter being transmitted by dichroic mirror 61.
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Meanwhile, the 18% p-polarized blue light transmitted by dichroic
mirror 61 enters condenser lens 68, which is the second condenser element, and
1s collected. The focal length of condenser lens 68 is set so that the converging
angle thereof becomes 40 degrees or less, and a light collection spot is formed
near reflection plate 71. The light collected by condenser lens 68 enters second
diffusion plate 69. Second diffusion plate 69 diffuses incident light to equalize
the light intensity distribution and solve the issue of speckles of the laser light.
Second diffusion plate 69 has a finely textured diffusion surface formed on a
glass surface of a thin plate. Second diffusion plate 69 has a diffusion angle of
approximately four degrees for light transmitted one time by the diffusion
surface, and thus maintains the polarization properties.

The light transmitted by second diffusion plate 69 enters quarter-wave
plate 70, which is the second retardation plate. Quarter-wave plate 70 is a
retardation plate through which a phase difference around the central emission
wavelength of semiconductor laser 51 is one-fourth of a wavelength.
Assuming that the direction of the p-polarized light in FIG. 4 is at zero degrees,
the optical axis of quarter-wave plate 70 is positioned at 45 degrees.
Quarter-wave plate 70 is a thin-film retardation plate that uses birefringence
due to oblique vapor deposition of a dielectric material. The thin-film
retardation plate includes an inorganic material, thus having excellent
durability and reliability as is an inorganic optical crystal such as quartz.

The circularly polarized light resulting from the conversion by
quarter-wave plate 70 is inverted in phase by reflection plate 71 having a
reflection film such as aluminum or a multilayer dielectric film, thus becomes
divergent light as the light circularly polarized in the reverse direction, and is
converted into s-polarized light through quarter-wave plate 70. Furthermore,

since no member that distorts the polarized light is disposed between
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quarter-wave plate 70 and reflection plate 71, it is possible to convert the
p-polarized light into the s-polarized light with high efficiency.

The s-polarized light resulting from the conversion by quarter-wave
plate 70 is diffused again by second diffusion plate 69, then converted into
parallel light by condenser lens 68, and reflected off dichroic mirror 61.

In this way, the fluorescence light from phosphor plate 67 and the blue
light resulting from efficient polarization conversion are combined by dichroic
mirror 61 and thus emitted as white light. The yellow light containing
fluorescent green and red components and the blue light from semiconductor
laser 51 can lead to emission properties with a good white balance. Even
when an optical system in the projection display apparatus separates light
having such spectral emission properties into three primary color—blue, green,
and red—rays, it is possible to obtain single-colored light having desired
chromaticity coordinates.

In the first exemplary embodiment of the present disclosure, the
separation ratio of blue light depends on the transmittance properties of
dichroic mirror 29 for the blue wave band, and a slight variation occurs in the
separation ratio. Meanwhile, in the second exemplary embodiment of the
present disclosure, the separation ratio of blue light transmitted or reflected off
dichroic mirror 61 is controlled using half-wave plate 58 having an optical axis,
the positioning angle of which can be adjusted, and thus the variation in the
separation ratio is very small. Accordingly, the variation in white balance
properties becomes very small.

Although the thin-film retardation plate is used as half-wave plate 58 in
the above description, it may be possible to use a microstructural retardation
plate that uses birefringence exhibited due to a microscopic, periodic structure

of a size not greater than the wavelength of light.
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Although half-wave plate 58 is used as the first retardation plate in the
second exemplary embodiment, a quarter-wave plate may be used as the first
retardation plate by being disposed so that the polarized light emitted from
semiconductor laser 51 becomes s-polarized light, and adjusting the positioning
angle of the optical axis so that the ratio of the s-polarization component and
the p-polarization component of the transmitted blue light becomes a
predetermined ratio.

Furthermore, although the configuration in which half-wave plate 58 is
disposed at a point of incidence of divergent light, as illustrated in FIG. 4, is
described in the second exemplary embodiment, half-wave plate 58 may be
disposed at a point of incidence of collected light. For example, half-wave
plate 58 may be disposed in front of a position in which the collected light
reflected off mirror 57 is collected.

As described above, the light source device in the present disclosure
separates according to the polarization direction, at a constant ratio, light from
the plurality of semiconductor lasers by the dichroic mirror and the small
half-wave plate disposed at the point of incidence of the collected light or the
divergent light, efficiently collects and combines the yellow light containing the
green and red light radiated by being excited by one of the rays resulting from
the polarization and separation, and the blue light that is the other of the rays,
to obtain white light; thus, a small, efficient, inexpensive light source device
with a small variation in the white balance can be configured.

Third Exemplary Embodiment

FIG. 6 is a configuration diagram of a first projection display apparatus
according to the third exemplary embodiment of the present disclosure. As an
image forming element, an active-matrix, transmissive liquid-crystal panel in

the twisted nematic (TN) mode or the vertical alignment (VA) mode in which a
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thin-film transistor is formed in a pixel region is used.

Light source device 40 includes: blue semiconductor laser 21;
heat-dissipating plate 22; light-collecting lens 23; heat sink 24; lenses 26 and
27; first diffusion plate 28; dichroic mirror 29; condenser lenses 30 and 31;
phosphor plate 35 including motor 34 and aluminum substrate 33 having a
reflection film and phosphor layer 32; condenser lens 36; second diffusion plate
37; quarter-wave plate 38; and reflection plate 39. This light source device is
light source device 40 according to the first exemplary embodiment of the
present disclosure, and therefore overlapping description thereof will be
omitted.

Projection display apparatus 80 according to the third exemplary
embodiment further includes: first lens array plate 200; second lens array plate
201; polarization conversion element 202; superimposition lens 203; blue
reflection dichroic mirror 204; green reflection dichroic mirror 205; reflection
mirrors 206, 207, and 208; relay lenses 209 and 210; field lenses 211, 212, and
213; incidence-side polarizing plates 214, 215, and 216; liquid-crystal panels
217, 218, and 219; emission-side polarizing plates 220, 221, and 222;
color-combining prism 223 including a red reflection dichroic mirror and a blue
reflection dichroic mirror; and projection lens 224.

The white light from light source device 40 enters first lens array plate
200 including a plurality of lens elements. The beam incident on first lens
array plate 200 is split into a large number of beams. The large number of
beams resulting from the splitting converges on second lens array plate 201
including the plurality of lens elements. The lens elements of first lens array
plate 200 have an opening shape similar to those of liquid-crystal panels 217,
218, and 219. The focal length of each of the lens elements of second lens

array plate 201 is determined so that first lens array plate 200 and
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liquid-crystal panels 217, 218, and 219 have a substantial conjugate relation.

The light emitted from second lens array plate 201 enters polarization
conversion element 202. Polarization conversion element 202 includes a
polarization separation prism and a half-wave plate and converts natural light
from the light source into light in one polarization direction. The fluorescence
light is natural light and therefore converted into light in one polarization
direction, but blue light is s-polarized light upon entry and subject to no
polarization conversion, resulting in the s-polarized light being emitted.

The light from polarization conversion element 202 enters
superimposition lens 203. Superimposition lens 203 is for superimposing light
emitted from each of the lens elements of second lens array plate 201 onto
liquid-crystal panels 217, 218, and 219 as illumination light. First lens array
plate 200, second lens array plate 201, polarization conversion element 202,
and superimposition lens 203 serve as an illumination optical system.

The light from superimposition lens 203 is separated into rays of blue,
green, and red light by blue reflection dichroic mirror 204 and green reflection
dichroic mirror 205, each of which is a color separation element. The green
light enters liquid-crystal panel 217 through field lens 211 and incidence-side
polarizing plate 214. The blue light is reflected off reflection mirror 206 and
then enters liquid-crystal panel 218 through field lens 212 and incidence-side
polarizing plate 215. The red light is transmitted or refracted and reflected by
relay lenses 209 and 210, reflection mirrors 207 and 208, etc., and enters
liquid-crystal panel 219 through field lens 213 and incidence-side polarizing
plate 216.

Three liquid-crystal panels 217, 218, and 219 change the polarization
state of incident light by controlling voltage to be applied to a pixel according to

a video signal, modulate the light by a combination of incidence-side polarizing
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plates 214, 215, and 216 and emission-side polarizing plates 220, 221, and 222
disposed on the both sides of respective liquid-crystal panels 217, 218, and 219
so that the transmission axes thereof are orthogonal to one another, and thus
form green, blue, and red images. The light of each color transmitted by
emission-side polarizing plates 220, 221, and 222 enters projection lens 224
after the red light and the blue light are reflected off the red reflection dichroic
mirror and the blue reflection dichroic mirror, respectively, and combined with
the green light by color-combining prism 223. The light incident on projection
lens 224 is magnified and projected on a screen (not illustrated in the
drawings).

The light source device is configured small with the plurality of
solid-state light sources and emits highly efficient white light having a good
white balance, and thus it is possible to provide a projection display apparatus
having a long operating life with high luminance. Furthermore, the three
liquid-crystal panels that use polarized light, instead of the time division
system, are used for the image forming element, and thus it is possible to
obtain a bright, high definition projection image with no color breaking and
good color reproducibility. In addition, compared to the case where three
DMD elements are used, a total reflection prism is not needed, and the prism
for combining colors is a small, 45-degree incidence prism, allowing the
projection display apparatus to be configured small.

As described above, the first projection display apparatus in the present
disclosure uses the light source device including the solid-state light source,
which is a semiconductor laser, and the dichroic mirror that can separate
p-polarized light originating from semiconductor laser light at a constant ratio
of intensity and combine the yellow light containing green and red components

radiated by being excited by one of the rays resulting from the separation and
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the blue light obtained by efficient polarization conversion of the other of the
rays resulting from the separation by the small quarter-wave plate, to obtain
white light. Thus, a small, inexpensive projection display apparatus can be
configured. Although light source device 40 illustrated in FIG. 1 is used as the
light source device, light source device 72 illustrated in FIG. 4 may be used. In
this case, the white light emitted from the light source device has a very small
variation in the white balance, and thus inexpensive light source device and
projection display apparatus can be configured.

As the image forming element, the transmissive liquid-crystal panel is
used, but a reflective liquid-crystal panel may be used in the configuration.
The use of the reflective liquid-crystal panel makes it possible to configure a
smaller, higher-definition projection display apparatus.

Fourth Exemplary Embodiment

FIG. 7 illustrates a second projection display apparatus according to the
fourth exemplary embodiment of the present disclosure. Second projection
display apparatus 90 uses three digital micromirror devices (DMDs) as the
image forming device.

Light source device 40 includes: blue semiconductor laser 21;
heat-dissipating plate 22; light-collecting lens 23; heat sink 24; lenses 26 and
27; first diffusion plate 28; dichroic mirror 29; condenser lenses 30 and 31;
phosphor plate 35 including motor 34 and aluminum substrate 33 having a
reflection film and phosphor layer 32; condenser lens 36; second diffusion plate
37, quarter-wave plate 38; and reflection plate 39. This light source device is
light source device 40 according to the first exemplary embodiment of the
present disclosure.

The white light emitted from light source device 40 enters condenser

lens 100 and then is collected on rod 101. The light incident on rod 101 is

20



10

15

20

25

reflected inside the rod more than one time and thus emitted having equalized
light intensity distribution. The light emitted from rod 101 is collected by
relay lens 102 and reflected off reflection mirror 103, thereafter entering total
reflection prism 105 through field lens 104. Here, condenser lens 100, rod 101,
relay lens 102, reflection mirror 103, and field lens 104 are one example of the
illumination optical system.

Total reflection prism 105 is made up of two prisms and includes thin
air layer 106 between proximate surfaces of these prisms. Air layer 106
totally reflects light incident at an angle greater than or equal to the critical
angle. The light from field lens 104 is reflected off a total reflection surface of
total reflection prism 105 and enters color prism 107.

Color prism 107 is made up of three prisms and includes blue reflection
dichroic mirror 108 and red reflection dichroic mirror 109 between proximate
surfaces of these prisms. Blue reflection dichroic mirror 108 and red reflection
dichroic mirror 109 of color prism 107 separate the light into blue light, red
light, and green light which then enter DMD 110, DMD 111, and DMD 112,
respectively. DMDs 110, 111, and 112 deflect micro mirrors according to a
video signal to reflect the light so that some of the light enters projection lens
113 and some of the light travels outward of the effective diameter of projection
lens 113. The light reflected off DMDs 110, 111, and 112 passes through color
prism 107 again. The blue light, red light, and green light resulting from the
separation are combined in the process of passing through color prism 107 and
then enter total reflection prism 105.

The light incident on total reflection prism 105 enters air layer 106 at
an angle smaller than or equal to the critical angle and therefore enters
projection lens 113 therethrough. In this way, the image light formed by

DMDs 110, 111, and 112 is magnified and projected on a screen (not illustrated
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in the drawings).

The light source device includes the plurality of solid-state light sources
and emits highly efficient white light having a good white balance, and thus it
is possible to provide a projection display apparatus having a long operating life
with high luminance. Furthermore, since the image forming element uses the
DMDs, it is possible to configure a projection display apparatus e having high
light resistance and heat resistance as compared to the case where the image
forming element uses liquid crystals. Moreover, since the three DMDs are
used, it is possible to obtain a bright, high definition projection image with good
color reproducibility.

As described above, the second projection display apparatus in the
present disclosure uses the light source device including the solid-state light
source, which is a semiconductor laser, and the dichroic mirror that can
separate p-polarized light originating from semiconductor laser light at a
constant ratio of intensity and combine the yellow light containing green and
red cbmponents radiated by being excited by one of the rays resulting from the
separation and the blue light obtained by efficient polarization conversion of
the other of the rays resulting from the separation by the small quarter-wave
plate, to obtain white light. Thus, a small, inexpensive projection display
apparatus can be configured. Although light source device 40 illustrated in
FIG. 1 is used as the light source device, light source device 72 illustrated in
FIG. 4 may be used. In this case, the white light emitted from the light source
device has a very small variation in the white balance, and thus inexpensive
light source device and projection display apparatus can be configured.

The first to fourth exemplary embodiments have each been described
above by way of example of techniques disclosed in the present application.

The techniques according to the present disclosure, however, are not limited to

22




the foregoing exemplary embodiments, and can also be applied to exemplary

embodiments obtained by carrying out modification, substitution, addition,
omission, etc.

INDUSTRIAL APPLICABILITY

The present disclosure can be applied to a light source device for a

projection display apparatus that uses an image forming element.
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LIGHT SOURCE DEVICE AND PROJECTION DISPLAY APPARATUS

BACKGROUND

1. Technical Field

The present disclosure relates to a projection display apparatus which
illuminates an image formed on a small light bulb with illumination light and
magnifies and projects the image on a screen through a projection lens.
2. Description of the Related Art

A large number of light source devices which use solid-state light
sources having a long operating life such as semiconductor lasers and
light-emitting didcz)es are disclosed as light sources of projection display
apparatuses that use mirror-deflecting digital micromirror devices (DMDs) and
light bulbs of liquid-crystal panels. Among those, a light source device which

is small and efficiently collects light from a solid-state light source by utilizing

polarization properties of the light emitted from the solid-state light source is

disclosed in Patent Literature (PTL) 1.

PTL 2 discloses a small, high-efficiency light source device which uses a
half-wave plate that changes the polarization direction of light from a
solid-state light source to make the ratio of p-polarization and s-polarization
components of the light entering a dichroic mirror constant under control.
Citation List

Patent Literature
PTL 1: Unexamined Japanese Patent Publication No. 2012-137744

PTL 2: Unexamined Japanese Patent Publication No. 2014-209184
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The present disclosure provides a light source device which utilizes
polarization properties of light emitted from a solid-state light source and uses
a low-cost retardation plate having excellent durability and a projection display
apparatus which uses the light source device.

A first light source device in the present disclosure includes: a
solid-state light source; a condenser element that collects light from the
solid-state light source; a retardation plate that converts linearly polarized
light into circularly polarized light; and a reflection plate, wherein the
retardation plate is disposed at a point of incidence of collected light and
divergent light between the condenser element and the reflection plate.

A second light source device in the present disclosure includes: a
solid-state light source; a retardation plate that changes a polarization
direction of light from the solid-state light source to make a ratio of
p-polarization and s-polarization components of the light constant under
control; and a dichroic mirror that separates the light from the retardation
plate according to the polarization direction, wherein the retardation plate is
disposed at a point of incidence of one of collected light and divergent light
between the solid-state light source and the dichroic mirror.

A third light source device in the present disclosure includes: a
solid-state light source; a first retardation plate that changes a polarization
direction of light from the solid-state light source to make a ratio of
p-polarization and s-polarization components of the light constant under
control; a dichroic mirror that separates the light from the first retardation
plate according to the polarization direction; a condenser element that collects
the light from the dichroic mirror; a second retardation plate that converts

linearly polarized light into circularly polarized light; and a reflection plate,
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wherein the first retardation plate is disposed at a point of incidence of one of
collected light and divergent light between the solid-state light source and the
dichroic mirror, and the second retardation plate is disposed at a point of
incidence of collected light and divergent light between the condenser element
and the reflection plate.

According to the present disclosure, a small, inexpensive light source
device can be configured by disposing the retardation plate in a position in
which light is collected, and thus it is possible to provide a low-cost, bright

projection display apparatus having a long operating life.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration diagram of a light source device according to
the first exemplary embodiment of the present disclosure;

FIG. 2 shows spectral properties of a dichroic mirror according to the
first exemplary embodiment;

FIG. 3 shows angle-dependent properties of polarized light
transmittance of a retardation plate;

FIG. 4 is a configuration diagram of a light source device according to
the second exemplary embodiment of the present disclosure;

FIG. 5 shows spectral properties of a dichroic mirror according to the
second exemplary embodiment;

FIG. 6 is a configuration diagram of a projection display apparatus
according to the third exemplary embodiment of the present disclosure; and

FIG. 7 is a configuration diagram of a projection display apparatus

according to the fourth exemplary embodiment of the present disclosure.
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DETAILED DESCRIPTION

Hereinafter, exemplary embodiments will be described in detail with
reference to the drawings as necessary. However, there are instances where
overly detailed description is omitted. For example, detailed description of
well-known matter, overlapping description of substantially identical elements,
etc.,, may be omitted. This is to prevent the subsequent description from
becoming unnecessarily redundant, and thus facilitate understanding by a
person having ordinary skill in the art.

Note that the accompanying drawings and the subsequent description
are provided so that a person having ordinary skill in the art is able to
sufficiently understand the present disclosure, and are not intended to limit the
scope of the subject matter recited in the claims.

First Exemplary Embodiment

FIG. 1 is a configuration diagram of a light source device according to
the first exemplary embodiment of the present disclosure. Light source device
40 according to the first exemplary embodiment includes: semiconductor laser
21, which is a solid-state light source; heat-dissipating plate 22; condenser lens
23; heat sink 24; lens 26; lens 27; first diffusion plate 28; dichroic mirror 29;
condenser lenses 30 and 31, each of which is a first condenser element;
phosphor plate 35 including motor 34 and aluminum substrate 33 having a
reflection film and phosphor layer 32; condenser lens 36, which is a second
condenser element; second diffusion plate 37; quarter-wave plate 38, which is a
retardation plate; and reflection plate 39. A model of each light flux 25
emitted from the solid-state light source and polarization directions of light
entering dichroic mirror 29 and emitted therefrom are illustrated in FIG. 1.

On heat-dissipating plate 22, 24 (6 x 4) semiconductor lasers 21 and
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light-collecting lenses 23 are two-dimensionally arranged at regular intervals
in a square form. Heat sink 24 is for cooling semiconductor lasers 21.
Semiconductor laser 21 radiates blue light in the wavelength range from 447
nm to 462 nm and emits linearly polarized light. Each semiconductor laser is
disposed so that the polarized light emitted from semiconductor laser 21
becomes p-polarized light with respect to the plane of incidence of dichroic
mirror 29.

The light emitted from the plurality of semiconductor lasers 21 is
collected by corresponding light-collecting lenses 23 and converted into parallel
light fluxes 25. The group of light fluxes 25 is further reduced in diameter

through convex lens 26 and concave lens 27 before entering first diffusion plate

28. First diffusion plate 28, which is made of glass, diffuses light by a finely

textured surface. The diffusion angle of the diffused light, which is the half
angle width at which the diffused light has 50% of the maximum intensity, is as
small as about three degrees, and thus the polarization properties are retained.
The light emitted from first diffusion plate 28 enters dichroic mirror 29.

FIG. 2 shows spectral properties of the dichroic mirror. The spectral
properties indicate transmittance with respect to wavelengths. The spectral
properties of the dichroic mirror are properties of transmitting the p-polarized
light originating from the semiconductor laser light having a wavelength of 447
nm to 462 nm at a constant ratio (18% on average) and reflecting said light at a
constant ratio (82% on average) with high reflectivity of 95% or more for the
s-polarized light originating from said semiconductor laser light. Furthermore,
the properties allow each of p-polarized green and red light and s-polarized
green and red light to pass with high transmittance of 96% or more.

Condenser lenses 30 and 31 collect the 82% p-polarized blue light

reflected off dichroic mirror 29, and when the diameter of light having intensity
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of 13.5% of peak intensity is defined as a spot diameter, the collected light is
superimposed on spot light having a spot diameter of 1.5 mm to 2.5 mm and
enters phosphor plate 35. First diffusion plate 28 diffuses the light so that the
diameter of the spot light has a desired diameter.

Phosphor plate 35 is a circular, rotatable and controllable substrate
that includes motor 34 in a central area and aluminum substrate 33 having a
reflection film and phosphor layer 32. The reflection film of phosphor plate 35,
which is a metal film or a dielectric film that reflects visible light, is formed on
aluminum substrate 33. Furthermore, phosphor layer 32 is formed on the
reflection film. Phosphor layer 32 has a Ce-activated YAG yellow phosphor
which is excited by blue light and radiates yellow light containing green and

red components. A representative chemical composition of the crystal matrix

. of this phosphor is Y3Als012. Phosphor layer 32 is formed in a circular annular

shape. Phosphor layer 32 excited by the spot light radiates yellow light
including light containing green and red components. Phosphor plate 35,
which is an aluminum substrate, can be rotated to inhibit a temperature rise in
phosphor layer 32 that is caused by excitation light, and thus stably maintain
the phosphor conversion efficiency.

The light incident on phosphor layer 32 results in colored fluorescence
including green and red components and then is emitted from phosphor plate
35. The light radiated on the reflection film side is reflected off the reflection
film and then emitted from phosphor plate 35. The green and red light
emitted from phosphor plate 35 becomes natural light (non-polarized light),
and then is collected again by condenser lenses 30 and 31 and converted into
substantially parallel light, thereafter being transmitted by dichroic mirror 29.

Meanwhile, the 18% p-polarized blue light transmitted by dichroic

mirror 29 enters condenser lens 36, which is the second condenser element, and
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is collected, resulting in collected light. The focal length of condenser lens 36
is set so that the converging angle thereof becomes 40 degrees or less, and a
light collection spot is formed near reflection plate 39. The light collected by
condenser lens 36 enters second diffusion plate 37. Second diffusion plate 37
diffuses incident light to equalize the light intensity distribution and solve the
issue of speckles of the laser light. Second diffusion plate 37 has a finely
textured diffusion surface formed on a glass surface of a thin plate. Second
diffusion plate 37 has a diffusion angle of approximately four degrees for light
transmitted one time by the diffusion surface, and thus maintains the
polarization properties. The light transmitted by second diffusion plate 37
enters quarter-wave plate 38, which is the retardation plate. Quarter-wave
plate 38 is a retardation plate through which a phase difference around the
central emission wavelength of semiconductor laser 21 is one-fourth of a
wavelength.

Assuming that the direction of the p-polarized light in FIG. 1 is at zero
degrees, the optical axis of quarter-wave plate 38 is positioned at 45 degrees.
Quarter-wave plate 38 is a thin-film retardation plate that uses birefringence
due to oblique vapor deposition of a dielectric material (see Unexamined
Japanese Patent Publication No. 2012-242449). The thin-film retardation
plate includes an inorganic material, thus having excellent durability and
reliability as is an inorganic optical crystal such as quartz. In addition, since a
thin-film wave plate is formed by stacking layers with a sufficiently smaller
thickness than the wavelength of light, the thin-film wave plate serves as a
retardation plate having a single optical axis for the whole of obliquely vapor
deposited layers. Thus, a change in the phase difference with respect to the
angle of incidence is significantly smaller than that of a retardation plate

including an inorganic optical crystal such as quartz.
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CLAIMS:

1. Alight source device comprising:
a solid-state light source;
a condenser element that collects light from the solid-state light source;

a retardation plate that converts linearly polarized light into circularly

polarized light; and

a reflection plate that reflects light collected by the condenser element,

wherein

the retardation plate is disposed at a point of incidence of collected light and

divergent light between the condenser element and the reflection plate.

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

the retardation plate is a quarter-wave plate.

3. Alight source device comprising:
a solid-state light source;
a retardation plate that changes a polarization direction of light from the

solid-state light source to make a ratio of p-polarization and s-polarization

components of the light constant under control; and

a dichroic mirror that separates the light from the retardation plate according

to the polarization direction, wherein
the retardation plate is disposed at a point of incidence of one of collected

light and divergent light between the solid-state light source and the dichroic mirror.

4. The light source device according to claim 3, wherein

the retardation plate is one of a half-wave plate and a quarter-wave plate.

5. The light source device according to claim 1, wherein
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the retardation plate is disposed in a position causing the light to have an

angle of incidence less than or equal to 40 degrees.

6. The light source device according to claim 3, wherein
the retardation plate is disposed in a position causing the light to have an

angle of incidence less than or equal to 40 degrees.

7. The light source device according to claim 1, wherein
the retardation plate is one of a thin-film retardation plate that uses
birefringence due to oblique vapor deposition and a microstructural retardation

plate that uses birefringence due to a microstructure.

8. The light source device according to claim 3, wherein
the retardation plate is one of a thin-film retardation plate that uses
birefringence due to oblique vapor deposition and a microstructural retardation

plate that uses birefringence due to a microstructure.

9. A light source device comprising:

a solid-state light source;

a first retardation plate that changes a polarization direction of light from the

solid-state light source to make a ratio of p-polarization and s-polarization
components of the light constant under control;

a dichroic mirror that separates the light from the first retardation plate
according to the polarization direction;

a condenser element that collects the light from the dichroic mirror;

a second retardation plate that converts linearly polarized light into circularly

polarized light; and
a reflection plate that reflects light collected by the condenser element,

wherein
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the first retardation plate is disposed at a point of incidence of one of
collected light and divergent light between the solid-state light source and the
dichroic mirror, and

the second retardation plate is disposed at a point of incidence of collected

light and divergent light between the condenser element and the reflection plate.
10. The light source device according to claim 9, wherein
the first retardation plate is one of a half-wave plate and a quarter-wave

plate.

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

the second retardation plate is a quarter-wave plate.

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

at least one of the first retardation plate and the second retardation plate is

disposed in a position causing the light to have an angle of incidence less than or

equal to 40 degrees.

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

at least one of the first retardation plate and the second retardation plate is
one of a thin-film retardation plate that uses birefringence due to oblique vapor
deposition and a microstructural retardation plate that uses birefringence due to a

microstructure.

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

the light emitted from the solid-state light source is linearly polarized light.

15. The light source device according to claim 3, wherein

the light emitted from the solid-state light source is linearly polarized light.
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16. The light source device according to claim 9, wherein

the light emitted from the solid-state light source is linearly polarized light.

17. A projection display apparatus comprising:

a light source;

an illumination optical system that collects light from the light source and
illuminates a to-be-illuminated region with the light;

an image forming element that forms an image using the light from the
illumination optical system according to a video signal; and

a projection lens that magnifies and projects the image formed by the image
forming element, wherein

the light source is the light source device according to claim 1.

18. A projection display apparatus comprising:

a light source;

an illumination optical system that collects light from the light source and
illuminates a to-be-illuminated region with the light;

an image forming element that forms an image using the light from the
illumination optical system according to a video signal; and

a projection lens that magnifies and projects the image formed by the image
forming element, wherein

the light source is the light source device according to claim 3.

19. A projection display apparatus comprising:

a light source;

an illumination optical system that collects light from the light source and
illuminates a to-be-illuminated region with the light;

an image forming element that forms an image using the light from the

illumination optical system according to a video signal; and

27




a projection lens that magnifies and projects the image formed by the image

forming element, wherein

the light source is the light source device according to claim 9.

28




¥ no JSigheture

[l

|24 leot gnk !

- e me mm Gw e e e
[

|
light :.ﬁuy 25 i
coney lens 26 ‘ 1
™ W condenrer (UJ) 1 40 ];3‘\4 Saurce
"‘N :/ device
et yleng 27 : Blue Ilgh :
for 1!— (P polan d light) |
A ffasin T\a’ro 28 T 30 I
J\Cl]rO\C 29 H I
it ror ~ pa :
! 1 ,«\oﬂ'ﬂr
. . 1
White light ¥ 347
- |
\

35 ﬁ;\ﬂ?l\or ]9\&40

32 =>LA~\ A Dﬂlé*(@kz
Blue light _—1 ' é\
\(P-polarized light) Green and I aqd phophor lnzer
Condaer lerg 30 LT [N\ red light
e cond & {:Mm l~k 37 C ) Blue light

Aecler-wbve plede 38 (S-polarized light)
reflech plate 39



2(7

004

069

[wu] ybusjenep
009 068 00S 0S¥y

010} 7%

—

00

[

00l
0°0c

[/

\

0°0€
0°'0v

0°0S goue

009

WB1| pazisejod-g —

004

\
\
\
\
\ T b1 paziejod-d

008

JJ

0°06

¢ Old

0001

[%]
niwsues |




Normalized
transmittance of
polarized light

1.10

317

FIG. 3

Thin-film retardation plate

1.00

\

\ 2 .

0.90

’ A3

! ‘\gQuartz retardation plate

4 \

0.80

0.70

0.60

0.50 .

-30

T

20  -10 0 10

Angle of incidence [° ]

20

30

1.



58

60 \'

(S-polarized < _—1
light

(P-polarized light) 62 63
68 Green and

69 red light
;(1) ﬁ Blue light
(S-polarized light)

AN

w'rl \\
Blue light N

TN

—\ /7 1
White light | \| e} / 66

Blue light o9 Blue light (P-polarized light)



[wu] yibuajerep

00. 059 009 0SS 00S  0Sy 00V
_ _ _ _ _ _ 00

\ 00l
0°0c
00¢
00y

| %)
0'0S mocmz_&wcm_._.

009
00
008

L\IL / 006

0°001

57

W61 pazirejod-g§ —

161 pozuielod-q




203 202 201

FIG. 6 80
224" itttk ..(_‘.1.0__‘
: |24 :
222 ! - !
219 opa 218 IP——— !
213. 218 215 - 21 !
i 206 ! Ak 23 !
R - . 1 |
U 27 < \ / I
I
— 220 /‘ZEK \ 28 \:\lilﬂ/\\] 30 !
4 217, 221 212 29~y ™ = 31 !
210 P — 214 : | - !
::< " |
211 | . / 1 |
] ] o \ i 34 !
20 | £\ N3 351
1
N\
209 205 204 7T\ 200! b 32)
:
1
I
I
I
|

1/9



|

[

21

23
0
&\i&

N
6

"\
39

[

FIG. 7

106

/
103

113

105




	Page 1 - BIBLIOGRAPHY
	Page 2 - DESCRIPTION
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - CLAIMS
	Page 29 - CLAIMS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS

