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(7) ABSTRACT

A projector is provided which can realize a bright projected
image of high light utilization efficiency while combining a
reflective-type liquid crystal device and an integrator optical
system. The projector may include a light source lamp, a
light beam dividing optical element, a polarization conver-
sion element, a polarization selection element having a
polarization selection surface, and an electro-optical device.
When a plane of incidence including a normal line of the
polarization selection surface and the central axis of an
incident light is assumed, the direction parallel to the plane
of incidence and perpendicularly intersecting the central axis
is assumed to be the X-axis direction, and the direction
perpendicularly intersecting the plane of incidence is
assumed to be the Y-axis direction, the direction of polar-
ization beam separation by the polarization conversion ele-
ment is the X-axis direction.
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PROJECTOR

BACKGROUND OF THE INVENTION
[0001] 1. Field of Invention

[0002] The present invention relates to a projector which
divides light from a light source into a plurality of partial
light beams, which converts the plurality of partial light
beams into one type of polarized light beam polarized in
substantially the same direction by a polarization conversion
element, which changes the polarized state of the polarized
light beam by an electro-optical device, which selects a state
by a polarization selection element to form an optical image
according to image information, and which enlarges and
projects the optical image.

[0003] 2. Description of Related Art

[0004] Recently, attention has been focused on projectors
using a reflective-type liquid crystal device. In such a
reflective-type liquid crystal device, the pixel density can be
increased by forming a structure, such as a transistor, for
driving liquid crystal under a reflecting mirror. Therefore,
the reflective-type liquid crystal device has the advantage of
realizing a clear projected image with high resolution,
compared with the case where a transmissive liquid crystal
device is used.

[0005] In addition, in projectors using an electro-optical
device, such as a liquid crystal device, in order to reduce the
size of the entire device while realizing a bright projected
image without display nonuniformity, the use of an integra-
tor optical system or a polarization conversion element has
been proposed (Japanese Unexamined Patent Application
Publication No. 8-34127, and Japanese Unexamined Patent
Application Publication No. 10-232430, etc.). In the inte-
grator optical system, light from a light source is divided by
a light beam dividing optical element into a plurality of
partial light beams to form a plurality of light source images,
the light source images are considered as dummy light
sources, and light from the plurality of light source images
is superposed on a liquid crystal panel, whereby illumination
light having a uniform intensity distribution can be obtained.
In the polarization conversion element, light from a light
source is divided into a plurality of partial light beams to
perform polarization conversion and then, the light is super-
imposed on a liquid crystal device, whereby illumination
light polarized in the same direction is obtained.

[0006] For this reason, it is thought that a brighter pro-
jected image with high resolution and without display non-
uniformity can be realized if the integrator optical system
and the polarization conversion element are used in combi-
nation in the projector using the reflective-type liquid crystal
device.

SUMMARY OF THE INVENTION

[0007] When a reflective-type liquid crystal device utiliz-
ing a polarization mode as a display mode is used in a
projector, a polarization selection element (for example, a
polarization beam splitter) for spatially separating and
selecting light of different polarization states is generally
used, but the polarization selecting characteristic of the
polarization selection element has strong incident-angle-
dependency. More specifically, in the case where a plane of
incidence including a nearly central axis of the incident light
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and a normal line of a polarization selection surface of the
polarization selection element is defined, if the incident
angle of light is increased in a plane perpendicularly inter-
secting the plane of incidence, the polarization selectivity is
substantially reduced. Since this phenomenon greatly
depends on a geometrical positional relationship between a
polarization selection surface and the light entering there, it
is very difficult to prevent the substantial reduction in the
polarization selectivity. On the other hand, if the incident
angle of light is increased at the plane of incidence, the
polarization selectivity is also reduced, but the degree of
reduction is relatively small as compared to that in the plane
perpendicularly intersecting the plane of incidence, and the
reduction in the polarization selectivity can be prevented by
arranging the configuration of the polarization selection
surface. Therefore, in order to at least improve the polar-
ization selectivity of the polarization selection element, it is
important to reduce the incident angle of light in the plane
perpendicularly intersecting the plane of incidence as much
as possible, for example.

[0008] In addition, the optical system employing the inte-
grator optical system or the polarization conversion element,
by reason of its optical process, cannot avoid the phenom-
enon in which the angular distribution of the incident angle
of illumination light expands.

[0009] For this reason, in the case where the integrator
optical system and the polarization conversion element are
used in combination in the projector using the reflective-type
liquid crystal device, since the incident angle of light enter-
ing the polarization selection surface is increased, the polar-
ization selectivity of the polarization selection surface is
reduced, causing a problem in that light utilization efficiency
is reduced and non-uniform brightness occurs.

[0010] Tt is one object of the present invention to at least
provide a projector which can realize a bright projected
image with high light utilization efficiency and high quality
while combining a reflective-type liquid crystal device and
an integrator optical system or a polarization conversion
element.

[0011] The projector according to the present invention
achieves at least the above object by, for example, arranging
a direction of polarization beam separation and characteris-
tics of a light beam dividing optical element.

[0012] (1) The projector according to one exemplary
embodiment of the present invention is a projector including
a light beam dividing optical element for dividing light from
a light source into a plurality of partial light beams; a
polarization conversion element for converting the plurality
of partial light beams into one type of polarized light beam
polarized substantially in the same directions; an electro-
optical device for modulating an illumination light beam
emitted from the polarization conversion element; a projec-
tion lens for projecting light modulated by the electro-
optical device; and a polarization selection surface for
selecting light of a predetermined polarized component
included in the illumination light beam and emitting the light
toward the electro-optical device, and for selecting light of
a predetermined polarized component in the light modulated
by the electro-optical device and emitting the light toward
the projection lens. In the projector, when a plane of
incidence including a normal line of the polarization selec-
tion surface and the central axis of the illumination light
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beam is assumed, the direction parallel to the plane of
incidence and perpendicularly intersecting the central axis is
defined as the X-axis direction, and the direction perpen-
dicularly intersecting the plane of incidence is defined as the
Y-axis direction, the direction of polarization beam separa-
tion by the polarization conversion element is the X-axis
direction.

[0013] According to the exemplary embodiment as
described above, the polarization beam separability of the
polarization selection surface has strong incident-angle-
dependency to an incident light beam. In particular, when an
incident angle of light is increased in the Y-axis direction
perpendicularly intersecting the plane of incidence, the
polarization selectivity is remarkably reduced. On the other
hand, in the polarization conversion element, since two
types of polarized light beams polarized in different direc-
tions are produced from the partial light beams, the width of
each partial light beam substantially doubles in the direction
of separation, and the angular distribution of the light
expands. Thus, in order to improve the polarization selec-
tivity in the polarization selection element, it is important to
consider the incident-angle-dependency of the polarization
selectivity and the spread of the angular distribution of the
light incident thereon.

[0014] According to this exemplary embodiment, since
the direction of polarization beam separation in the polar-
ization conversion element is the X-axis direction, an
increase in the incident angle of light in the Y-axis direction
incident on the polarization selection surface can be
restrained. Thus, the polarization selectivity can be main-
tained in a relatively high state, making it possible to realize
a bright projected image having a high contrast ratio.

[0015] (2) As the electro-optical device, for example, a
reflective-type liquid crystal device disposed at a position on
which either light transmitted or reflected by the polarization
selection surface is incident, modulating the incident light,
and emitting the modulated light from the plane of incidence
of the light, may be adopted.

[0016] (3) The light beam dividing optical element may
preferably be configured so as to narrow the spacings of the
plurality of light source images in the Y-axis direction.

[0017] That is, since the increase in the incident angle of
light in the Y-axis direction can be further restrained by
narrowing the spacings of the light source images in the
Y-axis direction, the polarization selectivity of the polariza-
tion selection surface can be maintained in a very high state,
making it possible to realize a very bright projected image
having a high contrast ratio.

[0018] (3-1) As the light beam dividing optical element, a
rod for reflecting light incident from an incident end surface
at plural pairs of reflection surfaces, dividing the light
according to differences in reflection positions, and emitting
the light as a plurality of partial light beams from an
emission end surface, can be adopted.

[0019] As the rod, a solid one (solid rod) consisting of
light-guiding material, or a hollow one (hollow rod) having
a light reflecting surface formed on the inside surface of a
cylindrical member can be adopted. In the case of the solid
rod, light is totally reflected by the reflecting surface without
optical loss, so that the light utilization efficiency can be
further increased. In the case of the hollow rod, since light
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incident from the incident end surface reaches the emission
end surface via an air layer in the rod, uniform illumination
light can be realized even if the size between the incident
end surface and the emission end surface is set to be
relatively short, and further, the hollow rod is manufactured
more easily than the solid rod.

[0020] When the solid rod or the hollow rod is adopted, it
may include at least two sets of reflecting surfaces opposing
in the X-axis direction and in the Y-axis direction, and the
cross section of the rod can be formed into a polygon of a
tetragon or more, such as an octagon, a dodecagon, or the
like.

[0021] However, if the light transmission efficiency from
the light source to the light beam dividing optical element is
considered, since the light incident on the light beam divid-
ing optical element from the light source has a substantially
circular cross section, the incident end surface of the rod
may preferably be formed in a square shape. In addition, if
the illuminating efficiency to the subsequently disposed
electro-optical device is considered, since an image formed
on the emission end surface of the rod is superimposed on
a display area of the electro-optical device that is one area
to be illuminated, the emission end surface of the rod may
preferably have the shape substantially similar to the shape
of the display area of the electro-optical device.

[0022] In the case of adopting the above-described rod as
the light beam dividing optical element, the spacings of the
light source images in the Y-axis direction can be narrowed
by disposing the rod so that a spacing of a pair of the
reflecting surfaces opposing in the Y-axis direction is gradu-
ally widened from the incident end surface toward the
emission end surface.

[0023] Furthermore, the rod may be disposed so that a
spacing of a pair of reflecting surfaces opposing in the
X-axis direction is gradually narrowed from the incident end
surface toward the emission end surface of the rod. In this
case, since the disposition spacings of the light source
images in the X-axis direction can be widened, the spacings
between the polarization beam separation films and the
reflecting films of the polarization conversion element can
be set in sufficient consideration of the sizes of the light
source images. Thus, the polarization conversion efficiency
in the polarization conversion element can be increased, and
consequently, making it possible to increase the light utili-
zation efficiency in the projector.

[0024] (3-2) As the light beam dividing optical element, a
lens array composed of a plurality of condenser lenses
aligned in the X-axis direction and the Y-axis direction can
be also adopted.

[0025] In this case, it is possible to narrow the spacings of
the plurality of light source images in the Y-axis direction by
designing the light collecting characteristics of the plurality
of condenser lenses. As the condenser lenses constituting the
lens array, hologram lenses or diffraction lenses for con-
densing light by a holographic effect or diffraction can be
also adopted in addition to a general lens.

[0026] In addition, since the images formed on the con-
denser lenses of the lens array are superimposed on a display
area of the electro-optical device that is one area to be
illuminated, the condenser lenses may preferably have the



US 2002/0018184 Al

shapes substantially similar to the shape of the display area
of the electro-optical device. This can increase the illumi-
nation efficiency.

[0027] In addition, a part of or all of the plurality of the
condenser lenses constituting the lens array may preferably
be a decentered lens.

[0028] That is, since the light source images can be formed
at positions other than the physical centers of the condenser
lenses by forming a part of or all of the condenser lenses
with the decentered lens, the spacings of the plurality of light
source images formed on a virtual plane can be freely
controlled.

[0029] (4) When the lens array is adopted as the light beam
dividing optical element, a reducing optical system may
preferably be disposed on an optical path provided between
the light source and the polarization conversion element. By
reducing the overall cross sectional size of the illumination
light with the reducing optical system, the increase in the
incident angle of light in the Y-axis direction can be further
restrained.

[0030] By the disposition of such a reducing optical sys-
tem, the overall cross sectional size of the illumination light
can be reduced in the Y-axis direction. For this reason, the
increase in the incident angle of light in the Y-axis direction
can be further restrained, and the polarization selectivity of
the polarization selection surface can be maintained in a
very high state. Therefore, it is possible to realize a very
bright projected image having high contrast ratio. In addi-
tion, since the overall diameter of the light beam illuminat-
ing the area to be illuminated can be reduced, an expensive
lens having the small F-number does not have to be adopted
as the projection lens. Therefore, a reduction in the cost of
the projector can be realized.

[0031] In this case, not only the cross sectional size in the
Y-axis direction, but also the cross sectional size in the
X-axis direction may be reduced. In this case, it is possible
to maintain the polarization selectivity of the polarization
selection surface in a higher state.

[0032] Such a reducing optical system can be constituted
by at least one convex lens disposed on one of the incident
side and the emission side of the lens array, and at least one
concave lens disposed on the incident side of the polariza-
tion selection element. In this case, in the case where only
the cross sectional size in the Y-axis direction of the illu-
mination light beam is reduced, cylindrical lenses can be
used as the concave lens and the convex lens. While the
convex lens and the concave lens can be constituted by one
lens member, respectively, they may preferably be a com-
bined lens formed by a combination of a plurality of lenses
if the reduction in the optical aberration is considered.

[0033] (5) In the above projector, a reducing optical sys-
tem for reducing the cross sectional size of the illumination
light in the Y-direction can be disposed between the polar-
ization conversion element and the polarization selection
element.

[0034] While the reducing optical system can be consti-
tuted by one concave lens, it can be also constituted by a
combined lens formed by a combination of a plurality of
lenses. If the reduction in the optical aberration is consid-
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ered, the combined lens may preferably be adopted. In this
case, cylindrical lenses can be used as the convex lens and
the concave lens.

[0035] By the adoption of such a reducing optical system,
the same advantages as in the case of (4) can be also
obtained.

[0036] In addition, in this case, not only the cross sectional
size of the illumination light in the Y-axis direction, but also
the cross sectional size in the X-axis direction may be
reduced. In this case, general axisymmetric curved lenses
can be used as the concave lens and the convex lens.

[0037] The convex lens and the concave lens constituting
a series of the above reducing optical systems may be
hologram lenses or diffraction lenses for condensing light by
a holographic effect or diffraction, in addition to general
lenses having surfaces formed into curved shapes.

[0038] (6) As the polarization conversion element, a polar-
ization conversion element including a polarization beam
separation film for transmitting one polarized light beam and
for reflecting the other polarized light beam in two types of
polarized light beams, a reflecting film for reflecting the
other polarized light beam, and a retardation film for uni-
fying the directions of polarization of the two types of
polarized light beams in order to unify the directions of
emission of the two types of the polarized light beams, may
preferably be adopted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is a schematic plan view showing a first
exemplary embodiment of a projector of the present inven-
tion;

[0040] FIG. 2 is a schematic perspective view showing
the relationship between a rod and positions of light source
images S in the embodiment;

[0041] FIGS. 3(a)-(b) include diagrams, each showing the
configuration of a polarization conversion element in the
embodiment, in which FIG. 3(a) is a horizontal sectional
view, and FIG. 3(b) is an outward perspective view;

[0042] FIG. 4 is an illustration showing the geometric
relationship between a polarization selection surface and a
light beam incident thereon in the embodiment;

[0043] FIG. 5 is a schematic perspective view showing
the relationship between a rod and positions of light source
images S according to a second exemplary embodiment of
the present invention;

[0044] FIG. 6 is a schematic perspective view showing
the relationship between a rod and positions of light source
images S according to a third exemplary embodiment of the
present invention;

[0045] FIG. 7 is a schematic horizontal sectional view
showing a fourth exemplary embodiment of the projector of
the present invention;

[0046] FIG. 8 is a schematic horizontal sectional view
showing a fifth exemplary embodiment of the projector of
the present invention;

[0047] FIGS. 9(a)-(b) show the schematic configuration of
a sixth exemplary embodiment of the projector of the
present invention, in which FIG. 9(a) is a vertical sectional
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view as seen from the X-axis direction, and FIG. 9(b) is a
horizontal sectional view as seen from the Y-axis direction;

[0048] FIG. 10 is a vertical sectional view showing the
schematic configuration of a seventh exemplary embodi-
ment of the projector of the present invention;

[0049] FIGS. 11 (a)-(b) include diagrams, each showing
the schematic configuration of an eighth exemplary embodi-
ment of the projector of the present invention, in which FIG.
11 (a) is a vertical sectional view as seen from the X-axis
direction, and FIG. 11 () is a horizontal sectional view as
seen from the Y-axis direction;

[0050] FIG. 12 is a vertical sectional view showing the
schematic configuration of a ninth exemplary embodiment
of the projector of the present invention; and

[0051] FIG. 13 is a schematic horizontal sectional view
showing a tenth exemplary embodiment of the projector of
the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0052] The exemplary embodiments of the present inven-
tion will now be described with reference to the drawings.
In the following description, the Z-axis direction represents
the direction of light propagation, the Y-axis direction rep-
resents the direction of twelve o’clock (direction perpen-
dicularly intersecting the plane of the figure in FIG. 1) from
the direction of light propagation, and the X-axis direction
represents the direction of three o’clock from the direction
of light propagation. In FIG. 1 to FIG. 13, the same
components are denoted by the same reference numerals.

[0053] A. First Embodiment

[0054] FIG. 1 is a schematic plan view showing a first
exemplary embodiment of a projector of the present inven-
tion.

[0055] The projector includes an illuminating device 1, a
polarization beam splitter 60 which may include a polariza-
tion selection surface, a liquid crystal device 1000 serving as
an electro-optical device, and a projection lens 300. The
configuration of the projector is such that light emitted from
the illuminating device 1 is modulated by the liquid crystal
device 1000 according to image information, and is enlarged
and projected by the projection lens 300 so as to form an
projected image on a projection plane 2000.

[0056] 1. Iluminating Device

[0057] The illuminating device 1 may include a light
source lamp 10 disposed along an imaginary illumination
optical axis L, a rod 20 serving as a light beam dividing
optical element for dividing light from the light source lamp
10 into a plurality of partial light beams forming a plurality
of light source images, a relay optical system 30 for trans-
mitting an image on an emission end surface 26 of the rod
20 to an area to be illuminated, and a polarization conversion
element 40 disposed in the relay optical system 30 to
perform polarization beam separation and polarization con-
version. The area to be illuminated is formed by the liquid
crystal device 1000 serving as an example of the electro-
optical device for producing an image by optical modula-
tion. The shape of a display plane of the liquid crystal device
1000 in this embodiment is assumed to be the shape of
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square in which the size in the X-axis direction is equal to
the size in the Y-axis direction.

[0058] 1-1Light Source Lamp

[0059] The light source lamp 10 may include a light
source 11 for radially emitting light beams, and an elliptical
reflector 12 for collecting the light emitted from the light
source 11. One of two focal points of the elliptical reflector
12 is set to be positioned at the light source 11 or in the
vicinity thereof, and the other focal point is set to be
positioned on an incident end surface 22 of the rod 20 or in
the vicinity thereof. The light emitted from the light source
11 is condensed near the incident end surface 22 of the rod
20 by the elliptical reflector 12, and enters the rod 20 in the
condensed state. A parabolic reflector or a spherical reflector
may be used instead of the elliptical reflector 12. In this case,
however, it is necessary to install a condenser element for
condensing nearly parallel light emitted from the reflector
toward the incident end surface 22 of the rod 20 on the
emission side of the reflector.

[0060] 1-2 Light Beam Dividing Optical Element

[0061] The rod 20 serving as the light beam dividing
optical element is a member for dividing the light from the
light source lamp 10 into a plurality of partial light beams to
form a plurality of light source images S positioned in the
X-Y plane approximately in a matrix.

[0062] The rod 20 is a bar-like solid rod formed by a
transparent light-guiding material, such as a glass material,
and is a hexahedron. The rod 20 includes the incident end
surface 22 where the light enters, four reflection surfaces
24a, 24b, 24c, and 244 for reflecting and transmitting light,
and the emission end surface 26 from which the transmitted
light is emitted, as shown in FIG. 2. In this case, since total
reflection without optical loss is effected and light is trans-
mitted utilizing it on the four reflection surfaces 24a, 24b,
24c, and 244, the rod 20 can realize a high light-transmission
efficiency.

[0063] The cross sections of both the incident end surface
22 and the emission end surface 26 on the X-Y plane have
rectangular shapes. In particular, in the case of this embodi-
ment, the incident end surface 22 and the emission end
surface 26 are formed to have shapes substantially similar to
the shape of the display area of the liquid crystal device 1000
that is an area to be illuminated, that is, formed in the shape
of square, respectively. The reflection surface 24a and the
reflection surface 24¢ are parallel to each other, and the
reflection surface 24b and the reflection surface 24d are
parallel to each other. The light incident on the rod 20 is
divided into a plurality of partial light beams having differ-
ent emission angles from the emission end surface 26
according to differences in reflection positions and the
number of reflection at the reflection surfaces 24a, 245, 24c,
and 24d.

[0064] The plurality of partial light beams emitted from
the rod 20 at different angles are condensed by a condenser
lens 31, and form the plurality of the light source images S
approximately in a matrix in the X-Y plane which is nearly
parallel to the emission end surface 26 and perpendicularly
intersecting the illumination optical axis L. at a position
separated from the rod 20 by a predetermined distance. The
X-Y plane on which the plurality of light source images S
are formed is referred to as a virtual plane P.
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[0065] On the virtual plane P on which the plurality of
light source images S are formed or in the vicinity thereof,
a first transmission lens 50, a polarization conversion ele-
ment 40, and a second transmission lens 52 are disposed, as
shown in FIG. 1.

[0066] 1-3 Polarization Conversion Element

[0067] The polarization conversion element 40 has the
function of converting incident light into predetermined
linear polarized light beams, FIG. 3(a) is a horizontal
sectional view for explaining the configuration thereof, and
FIG. 3(b) is an outward perspective view.

[0068] The polarization conversion element 40 formed by
including a plurality of light-transmissive members 41 A and
41B, a plurality of polarization beam separation films 42 and
reflecting films 44 alternately disposed between the light-
transmissive members, and retardation films 48 that are
polarization direction-rotating means provided at positions
corresponding to the polarization beam separation films 42.
The polarization conversion element 40 is formed by alter-
nately bonding the light-transmissive member 41A having
the polarization beam separation films 42 and the reflecting
surfaces 44 formed thereon with the light-transmissive
member 41B having no polarization beam separation films
42 and the reflecting films 44 formed thereon by an adhesive
agent, and then by bonding the retardation films 48 to the
light-transmissive member 41B. This X-axis direction cor-
responds to the X-axis direction, and the Y-axis direction
corresponds to the Y-axis direction. All the polarization
beam separation films 42 and the reflecting films 44 are not
necessarily aligned in the same direction. For example, they
can be placed so that the adjacent light-transmissive mem-
bers 41A and 41B are folded and positioned using the Y-Z
plane as a plane of symmetry. While all the spacings
between the polarization beam separation films 42 and the
reflecting films 44 are equal in this embodiment, they may
be different.

[0069] For conveniences, in the surface of the polarization
conversion element 40 on the side of incidence of light, a
surface directly corresponding to the polarization beam
separation film 42 is referred to as a “surface of incidence
45A”, and a surface directly corresponding to the reflecting
film 44 is referred to as a “surface of incidence 45B”.
Similarly, in the surface on the side of emission of light, a
surface directly corresponding to the polarization beam
separation film 42 is referred to as an “emission surface
46A”, and a surface directly corresponding to the reflecting
film 44 is referred to as an “emission surface 46B”. Since the
light-transmissive members 41A and 41B are disposed as
described above, a plurality of the surfaces of incidence 45A
and the surfaces of incidence 45B are alternately formed at
predetermined spacings along a direction of polarization
beam separation in the polarization beam separation film 42,
that is, along the X-axis direction. Similarly, a plurality of
the emission surfaces 46A and the emission surfaces 46B are
alternately formed at predetermined spacings along the
X-axis direction.

[0070] The polarization beam separation films 42 have the
function of spatially separating incident unpolarized light
into two types of linear polarized light beams whose direc-
tions of polarization approximately perpendicularly inter-
sect. That is, light incident on the polarization beam sepa-
ration films 42 is separated into a first linear polarized light
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beam that is transmitted light transmitted by the polarization
beam separation films 42, and a second linear polarized light
beam that is a reflected light reflected by the polarization
beam separation films 42 and a direction of propagation
thereof is bent by approximately 90 degrees. In this embodi-
ment, the first linear polarized light beam is p-polarized light
beam, and the second linear polarized light beam is s-po-
larized light beam, and the polarization beam separation
films 42 are formed to have characteristics and angles so that
the s-polarized light beam, which is reflected light, is
reflected nearly in parallel with the X-axis direction. The
polarization beam separation films 42 can be realized by
dielectric multilayer films.

[0071] The reflecting films 44 have the function of reflect-
ing the reflected light from the polarization beam separation
films 42 again and directing the light toward the substan-
tially same direction as the direction of propagation of the
transmitted light. The reflecting film 44 can be realized by
dielectric multilayer films or aluminum films.

[0072] The retardation films 48 have the function of
bringing a direction of polarization of one of the polarized
light beams of the transmitted light and the reflected light
into substantially coincidence with a direction of polariza-
tion of the other polarized light beam. In this embodiment,
1/2 phase plates are used as the retardation films 48, and are
selectively disposed only on the emission surfaces 46A, as
shown in FIGS. 3(@) and 3(b). Therefore, only the direction
of polarization of light transmitted by the polarization beam
separation films 42 is rotated by approximately 90 degrees,
and most of light emitted from the polarization conversion
element 40 is converted into one type of polarized light
beam. In this embodiment, most of light emitted from the
polarization conversion element 40 is converted into s-po-
larized light beam.

[0073] The type and the position of the retardation films
are not limited as long as they can unify directions of
polarization of two polarized light beams separated by the
polarization beam separation films 42 into one direction of
polarization of one type of polarized light beam. For
example, a configuration may be such that retardation films
having different optical characteristics are disposed on the
emission surfaces 46A and the emission surfaces 46B so as
to unify the directions of polarization of polarized light
beams passing through the retardation films.

[0074] Since the polarization conversion element 40 as
described above is used, unpolarized light emitted from the
light source lamp 10 can be efficiently converted into one
type of polarized light beam. Therefore, in the liquid crystal
device 1000 which can utilize only one type of polarized
light beam, it is possible to increase light utilization effi-
ciency.

[0075] 1-4 Relay Optical System

[0076] The relay optical system 30 is a transmission
optical system for transmitting an image formed on the
emission end surface 26 of the rod 20 to the liquid crystal
device 1000 that is an area to be illuminated, as shown in
FIG. 1. In this embodiment, the relay optical system 30 is
composed of the condenser lens 31, the first transmission
lens 50, the second transmission lens 52, and a collimator
lens 32.

[0077] The condenser lens 31 is disposed in the vicinity of
the emission end surface 26 of the rod 20, and has the
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function of guiding partial light beams from the rod 20 into
the polarization conversion element 40 via the first trans-
mission lens 50. While the condenser lens 31 of this embodi-
ment is composed of a combined lens of two condenser
lenses 31a and 315, it is not limited thereto, and a general
single lens may be used. However, in order to reduce optical
aberration that tends to occur when guiding the partial light
beams to the polarization conversion element 40, the com-
bined lens or an aspherical lens is suitably used.

[0078] The first transmission lens 50 is a lens array in
which a plurality of rectangular condenser lenses 51 are
combined approximately in a matrix, and has the function of
efficiently guiding each of the plurality of partial light beams
into the surface of incidence 45A (see FIGS. 3(a)-(b)) of the
polarization conversion element 40. The number and the
disposition of the condenser lenses 51 are determined so as
to correspond to the number and the position of light source
images S formed by the partial light beams. While the shape
of the condenser lenses 51 constituting the first transmission
lens 50 is not restricted, a plurality of rectangular condenser
lenses aligned two-dimensionally and formed in the shape of
a plate as in this embodiment are easily utilized. In addition,
if the first transmission lens 50 is configured by using the
plurality of condenser lenses 51, light-collecting character-
istics of the condenser lenses 51 can be optimized, so that
optical aberration that tends to occur when transmitting light
beams can be effectively reduced. However, the first trans-
mission lens 50 may be configured by a single lens without
using the plurality of condenser lenses according to the
characteristic of the light beam emitted from the rod (for
example, in the case of a small emission angle), and further,
it is also possible to omit the first transmission lens.

[0079] The second transmission lens 52 is disposed on the
emission side of the polarization conversion element 40, and
has the function of transmitting a plurality of partial light
beams emitted from the polarization conversion element 40
onto the liquid crystal device 1000 that is an area to be
illuminated, and superimposing the partial light beams on
one area to be illuminated. While the second transmission
lens 52 of this embodiment is constituted by one lens, it may
be a lens array configured by a plurality of lenses in a
manner similar to the first transmission lens 50.

[0080] In this embodiment, while the first transmission
lens 50 is disposed on the incident side of the polarization
conversion element 40, and the second transmission lens 52
is disposed on the emission side of the polarization conver-
sion element 40, these transmission lenses 50 and 52 may be
disposed together on the incident side or the emission side
of the polarization conversion element 40, and in this case,
the functions of the transmission lenses 50 and 52 may be
put together to form one lens. In this case, the cost of the
illuminating device can be reduced. In addition, in this
embodiment, since the first transmission lens 50 is disposed
on the incident side of the polarization conversion element
40, the function of effectively guiding each of the plurality
of partial light beams into the surface of incidence 45A of
the polarization conversion element 40 is provided to the
first transmission lens 50. In addition, since the second
transmission lens 52 is disposed on the emission side of the
polarization conversion element 40, the function of super-
imposing the plurality of partial light beams on the liquid
crystal device 1000 is provided to the second transmission
lens 52. The functions provided to the transmission lenses 50
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and 52, however, may be appropriately changed according to
the positions where the transmission lenses 50 and 52 are
disposed.

[0081] The collimator lens 32 is disposed on the incident
side of the liquid crystal device 1000 that is an area to be
illuminated, and has the function of converting the plurality
of partial light beams incident on the liquid crystal device
1000 from the polarization conversion element 40 via the
second transmission lens 52 into light nearly parallel to each
of central axes thereof, and effectively guiding the light into
the liquid crystal device 1000. Therefore, the collimator lens
32 is not necessarily required, and it can be omitted.

[0082] Since the relay optical system 30 as described
above is disposed, the image formed on the emission end
surface 26 of the rod 20 is enlarged or reduced, and is
transmitted onto the liquid crystal device 1000 that is an area
to be illuminated.

[0083] 2. Polarization Beam Splitter, Liquid Crystal
Device, Projection Lens

[0084] The polarization beam splitter 60 is formed by
sandwiching and joining the polarization selection surface
62 between two rectangular prisms, and is an optical element
having the function of separating an unpolarized light beam
into two types of linear polarized light beams whose direc-
tions of polarization nearly perpendicularly intersect. The
polarization selection surface 62 is formed of a dielectric
multilayer film in a manner similar to the polarization beam
separation film 42 forming the polarization conversion ele-
ment 40.

[0085] S-polarized light beam emitted from the illuminat-
ing device 1 enters the polarization beam splitter 60, is
reflected by the polarization selection surface 62, and is
emitted toward the reflective-type liquid crystal device
1000. The liquid crystal device 1000 modulates the light
according to external image signals (not shown) to change a
polarization state. While the reflective-type liquid crystal
device 1000 is well known, detailed description of the
structure and the operation thereof will be omitted.

[0086] Light modulated by the liquid crystal device 1000
enters the polarization beam splitter 60. The light modulated
by the liquid crystal device 1000 is partially converted into
the p-polarized state according to the image signals, and a
light beam converted into the p-polarized state is transmitted
by the polarization selection surface 62, and is emitted
toward the projection lens 300. The light emitted toward the
projection lens 300 is projected onto a projection plane
2000, such as a screen, via the projection lens 300.

[0087] Two polarizers 70 and 72 disposed on the incident
side and the emission side of the polarization beam splitter
60 have the function of further increasing the degree of
polarization of polarized light beams passing through these
polarizers. When the degree of the polarized light beams
emitted from the illuminating device 1 is sufficiently high,
the polarizer 70 can be omitted. Similarly, when the degree
of polarization of polarized light beams emitted from the
polarization beam splitter 60 toward the projection lens 300
is sufficiently high, the polarizer 72 can be omitted.

[0088] In this embodiment, while the liquid crystal device
1000 is disposed at a position opposing the projection lens
300 across the polarization beam splitter 60, the liquid
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crystal device 1000 can be also disposed at a position
opposing the illuminating device 1 across the polarization
beam splitter 60. In this case, the configuration may be such
that the polarization states of the illuminating light beams
emitted from the illuminating device 1 may be unified in the
p-polarized state in advance so that the s-polarized light
beam emitted from the liquid crystal device 1000 enters a
projection optical system. Alternatively, the polarization
selection surface 62 of the polarization beam splitter 60 may
have characteristics of reflecting the p-polarized light beam
and transmitting the s-polarized light beam.

[0089] 3. Relationship between Direction of Polarization
Beam Separation and Polarization Selection Surface 62

[0090] FIG. 4 shows the geometric positional relationship
between the polarization selection surface 62 and a light
beam incident thereon. In FIG. 4, a plane of incidence 4 is
a virtual plane defined by a central axis 2 of an illuminating
light beam incident on the polarization selection surface 62
and the normal line H of the polarization selection surface
62, and is parallel to the X-Z plane.

[0091] The polarization beam separability of the polariza-
tion selection surface 62 has strong incident-angle-depen-
dency. That is, if the incident angle of light increases in the
X-axis direction parallel to the plane of incidence 4 or in the
Y-axis direction perpendicularly intersecting the plane of
incidence 4, the polarization beam separability is reduced.
As previously described, the polarization selection surface
62 reflects and emits the s-polarized light beam included in
the illuminating light toward the liquid crystal device 1000,
and selects and emits the p-polarized light beam in the light
modulated by the liquid crystal device 1000 toward the
projection lens 300. Therefore, when the polarization beam
separability of the polarization selection surface 62 is
reduced, the amount of s-polarized light beam guided to the
liquid crystal device 1000 is decreased, so that light utili-
zation efficiency is lowered and the projected image
becomes dark. Moreover, since the function as a filter for
selecting a specific polarized light beam in the light modu-
lated by the liquid crystal device 1000 is reduced, the
contrast ratio of the projected image is also lowered.

[0092] Tt is possible to sufficiently reduce the incident-
angle-dependency in the X-axis direction parallel to the
plane of incidence 4 by arranging the structure (for example,
a type of a dielectric film or a way of configuration) of the
polarization selection surface 62. On the other hand, the
incident-angle-dependency in the Y-axis direction perpen-
dicularly intersecting the plane of incidence 4 cannot be
resolved by arranging the structure of the polarization selec-
tion surface 62 because it is dominated by the geometric
positional relationship between the polarization selection
surface 62 and the light incident thereon. Therefore, in order
to maintain the polarization beam selectivity of the polar-
ization selection surface 62 when light is entered the polar-
ization selection surface 62 with an angle, it is particularly
important to decrease the incident angle in the Y-axis
direction perpendicularly intersecting the plane of incidence
4.

[0093] Thus, in this embodiment, as shown in FIG. 1 and
FIG. 3(a), the direction of polarization beam separation by
the polarization conversion element 40 is the X-axis direc-
tion parallel to the plane of incidence 4 to thereby prevent an
increase in the incident angle in the Y-axis direction. That is,
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since the polarization beam separation is effected by the
polarization conversion element 40 in the X-axis direction,
the overall diameter of the illuminating light beam is
enlarged in the X-axis direction, but the overall diameter of
the illuminating light beam in the Y-axis direction perpen-
dicularly intersecting the plane of incidence 4 is not
enlarged. As a result, the increase in the incident angle in the
Y-axis direction perpendicularly intersecting the plane of
incidence 4 can be prevented, making it possible to maintain
the polarization beam separability in a relatively high state.
Therefore, a bright and high-contrast projected image can be
realized.

[0094] B. Second Embodiment

[0095] The spacings of the light source images S formed
on the virtual plane P can be arbitrarily controlled by
adjusting the spacing of the reflecting surfaces of the rod. If
the spacing of the reflecting surfaces is gradually narrowed
from the incident end surface to the emission end surface,
the spacings of the light source images S can be widened.
Hereinafter, the state in which the spacing of the reflecting
surfaces is gradually narrowed from the incident end surface
toward the emission end surface is referred to as a “tapered
state”. Conversely, if the spacing of the reflecting surfaces is
gradually widened from the incident end surface toward the
emission end surface, the spacing of the light source images
can be narrowed. Hereinafter, the state in which the spacing
of the reflecting surfaces is gradually widened from the
incident end surface toward the emission end surface is
referred to as an “inversely tapered state”.

[0096] This embodiment shows an exemplary embodi-
ment in which the reflecting surfaces of the rod opposing in
the Y-axis direction are in the inversely tapered state, and is
the same as the projector of the first embodiment except the
shape of the rod. Thus, description of portions except the rod
will be omitted. In addition, it is possible to apply modified
forms of the components described in the first embodiment
to this embodiment.

[0097] FIG. 5 is a schematic perspective view showing
the relationship between a rod 210 and positions of light
source images S. The cross sections of both an incident end
surface 212 and an emission end surface 216 on the X-Y
plane have rectangular shapes. In the case of this embodi-
ment, the emission end surface 216 is formed to have a shape
substantially similar to the shape of a liquid crystal device
that is an area to be illuminated. A pair of reflecting surfaces
2144 and 214c¢ opposing in the X-axis direction are parallel
to each other. A pair of reflecting surfaces 214H and 2144
opposing in the Y-axis direction are in the inversely tapered
state. For this reason, as compared with the case of the rod
20 in the first embodiment, the placement spacings of the
plurality of light source images S are narrowed in the Y-axis
direction in which the pair of reflecting surfaces 214b and
2144 in the inversely tapered state oppose.

[0098] Therefore, in this embodiment, the increase in the
incident angle in the Y-axis direction perpendicularly inter-
secting the plane of incidence 4 of the polarization selection
surface 62 can be further restrained, making it possible to
maintain the polarization beam separability of the polariza-
tion selection surface 62 in a considerably high state.

[0099] Furthermore, in this embodiment, as a result of
narrowing the placement spacings of the light source images
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S in the Y-axis direction, the size in the Y-axis direction of
the polarization conversion element 40 and the polarization
beam splitter can be reduced, whereby the size and cost of
the illuminating device can be reduced and the size and cost
of the projector can be reduced. Furthermore, the size of the
projection lens 300 can be reduced, and a bright projected
image can be realized even if a small-aperture lens is used.

[0100] C. Third Embodiment

[0101] A third exemplary embodiment of the present
invention will now be described. This embodiment shows an
embodiment in which reflecting surfaces of a rod opposing
in the Y-axis direction are in the inversely tapered state in a
manner similar to the second embodiment, and further,
reflecting surfaces of the rod opposing in the X-axis direc-
tion are in the tapered state, and is the same as the projector
of the first embodiment except the shape of the rod. Thus,
description of portions except the rod will be omitted. In
addition, it is also possible to apply modified forms of the
components described in the first embodiment to this
embodiment.

[0102] FIG. 6 is a schematic perspective view showing
the relationship between a rod 220 and positions of light
source images S. The cross section of an emission end
surface 226 of the rod 220 on the X-Y plane has a rectan-
gular shape. In the case of this embodiment, the incident end
surface 222 and the emission end surface 226 are formed to
have a shape substantially similar to the shape of a liquid
crystal device that is an area to be illuminated. A pair of
reflecting surfaces 224b and 224d opposing in the Y-axis
direction are in the inversely tapered state. For this reason,
as compared with the case of the rod 20 in the first
embodiment, the placement spacings of a plurality of light
source images S are narrowed in the Y-axis direction in
which the pair of reflecting surfaces 224 and 224d in the
inversely tapered state oppose. Therefore, according to this
embodiment, the same advantages as the second embodi-
ment can be obtained.

[0103] Furthermore, in this embodiment, a pair of reflect-
ing surfaces 224a and 224¢ opposing in the X-axis direction
are in the tapered state. For this reason, as compared with the
case of the rod 20 in the first embodiment, the placement
spacings of the plurality of light source images S are
widened in the X-axis direction in which the pair of reflect-
ing surfaces 224a and 224c in the tapered state oppose.

[0104] The relationship between the polarization conver-
sion efficiency of the polarization conversion element 40 and
the position of incidence of light will be described with
reference to FIGS. 3(a) and 3(b). As described in the first
embodiment, the polarization conversion element 40 sepa-
rates light illuminated on the surface of incidence 45A and
incident on the polarization beam separation films 42 into
p-polarized light beam and s-polarized light beam, reflects
the s-polarized light beam by the reflecting films 44 in the
same direction as the p-polarized light beam, converts the
p-polarized light beam into s-polarized light beam by the
retardation films 48, and finally emits the s-polarized light
beam. If light is illuminated on the surface of incidence 45B
of the polarization conversion element 40, however, the light
enters the polarization beam separation films 42 via the
reflecting films 44. Therefore, the first polarized light beam
is transmitted by the polarization beam separation films 42
in the X-axis direction, and the second polarized light beam
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is reflected by the polarization beam separation films 42 in
the Z-axis direction. As a result, polarized light beam
different from that directly incident on the polarization beam
separation films 42 via the surface of incidence 45A is
emitted from the emission surfaces 46A and 46B. That is,
although unpolarized light beam is to be converted into the
second polarized light beam, the first polarized light beam is
emitted by the polarization conversion element 40, whereby
the polarization conversion efficiency is lowered. This
reveals that, in order to obtain high polarization conversion
efficiency of the polarization conversion element 40, it is
very important to selectively allow a light beam to only enter
the surface of incidence 45A. That is, it is preferable that the
spacings between the polarization beam separation films 42
and the reflecting films 44 are set so that the size of the
surface of incidence 45B is larger than the sizes of the light
source images S.

[0105] Inthis embodiment, the spacings of the light source
images S in the X-axis direction are widened so that the size
of the surface of incidence 45A can be sufficiently larger
than the sizes of the light source images S. Therefore, the
light beam from the rod 220 can enter only the portion of the
surface of incidence 45A of the polarization beam separation
films 42 with a sufficient allowance, and the incident effi-
ciency of light on the polarization beam separation film 42
can be securely increased. As a result, it becomes possible to
increase light utilization efficiency in the projector while
securely increasing the polarization conversion efficiency of
the polarization conversion element 40.

[0106] When the light source lamp 10 is close to a point
light source, the sizes of the light source images S can be
made relatively small. Therefore, in this case, it is not
necessary to widen the placement spacings of the light
source images S in the X-axis direction. That is, this
embodiment is very effective for a case where the light
source 11 is not very close to the point light source, and the
sizes of the light source images S increase.

[0107] D. Fourth Embodiment

[0108] FIG. 7 is a horizontal sectional view showing the
schematic configuration of a fourth exemplary embodiment
of the present invention. The fourth embodiment partially
differs from the first embodiment in the configuration of the
illuminating device. Other configurations are the same as the
previously described first embodiment. Thus, description of
the same configurations as the first embodiment will be
omitted. In addition, it is also possible to apply modified
forms of the components described in the first embodiment
to this embodiment. In FIG. 7, the polarization beam splitter
60, the polarizers 70 and 72, the projection lens 300, and the
projection plane 2000 are omitted.

[0109] An illuminating device 1A may include a light
source lamp 15, a lens array 600, a first transmission lens
610, a polarization conversion element 40, a second trans-
mission lens 620, and a collimator lens 32. This embodiment
is characterized in that the lens array 600 consisting of a
plurality of condenser lenses is used as a light beam dividing
optical element instead of the rod. The illuminating device
1A divides light emitted from the light source lamp 15 into
a plurality of partial light beams by the lens array 600,
converts the partial light beams into one type of polarized
light beam by the polarization conversion element 40, and
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then superimposes the polarized light beam on a display area
of a liquid crystal device 1000 that is an area to be illumi-
nated.

[0110] The light source lamp 15 may include a light source
11 for emitting light, and a parabolic reflector 14 for
collecting light emitted from the light source 11. The reflec-
tor is not limited to the parabolic reflector, and it is possible
to use an elliptical reflector or a spherical reflector according
to the configurations of the lens array 600, the transmission
lenses 610 and 620, the polarization conversion element 40,
and the like disposed on the downstream of light source
lamp 185.

[0111] The lens array 600 has a plurality of condenser
lenses 600a arranged substantially in a matrix. The external
shape of each of the condenser lens 600z is set so as to be
similar to the shape of the display area of the liquid crystal
device 1000 that is the area to be illuminated. Light incident
on the lens array 600 from the light source lamp 15 is
divided into a plurality of partial light beams by the light
collecting action of each condenser lens 600a to form as
many light source images as the number of the condenser
lenses 600a in the X-Y plane, which is substantially per-
pendicular to the illumination optical axis L, substantially in
a matrix. The condenser lenses 600a are set to have light
collecting characteristics such that a plurality of light source
images are formed only on the surface of incidence 45A (see
FIGS. 3(a)-(b)) of the polarization conversion element 40. In
this embodiment, by partially adopting a decentered lens in
a part of the plurality of condenser lenses 6004, the spacings
of the light source images to be formed are controlled.

[0112] Furthermore, the first transmission lens 610 dis-
posed on the incident side of the polarization conversion
element 40 has approximately the same function as the first
transmission lens 50 in the first embodiment. The first
transmission lens 610 has as many condenser lenses 6104 as
the number of the condenser lenses 600a constituting the
lens array 600. In this embodiment, a part of the condenser
lenses 610a is constituted by a decentered lens. The con-
figuration is such that the condenser lenses 610a are posi-
tioned so as to correspond to positions where a plurality of
light source images are formed. The light collecting char-
acteristic of the condenser lenses 610 is set so that the partial
light beams divided by the lens array 600 enter nearly
perpendicularly the surface of incidence 45A of the polar-
ization conversion element 40 (see FIGS. 3(a)-(b)). There-
fore, since light can enter the surface of incidence 45A of the
polarization conversion element 40 at an incident angle near
0 degree, it is possible to increase the polarization conver-
sion efficiency. While the shape of each condenser lens 610a
is not restricted, a rectangular or hexagonal shape is conve-
nient because it is easily arrayed.

[0113] The second transmission lens 620 has the same
function as the second transmission lens 52 in the first
embodiment, that is, the function of superimposing the
partial light beams divided by the lens array 600 on the
display area of the liquid crystal device 1000 that is an area
to be illuminated. While the second transmission lens 620 is
formed of one axisymmetric spherical lens in this embodi-
ment, it is not limited thereto. For example, a lens array, a
Fresnel lens, a combined lens consisting of a plurality of
lenses or the like, can be also adopted. When such a lens is
used, various types of optical aberrations can be reduced.
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The use of the Fresnel lens is favorable for reducing the
weight of the illuminating device 1A because the central
thickness of the lens can be reduced.

[0114] In this embodiment, it is also possible to obtain the
same advantages as the first embodiment.

[0115] While the decentered lens is partially used in the
condenser lenses 600a and 610a constituting the lens array
600 and the first transmission lens 610 in this embodiment,
the decentered lens does not have to be used. In addition, all
of the condenser lenses 600a and 6102 may be the decen-
tered lenses. In this embodiment, it is possible to set the light
collecting characteristics of the condenser lenses 600a of the
lens array 600 such that the placement spacings of the light
source images in the Y-axis direction are narrowed. Further-
more, it is also possible to set the light collecting charac-
teristics such that the placement spacings in the X-axis
direction are widened. By setting the light collecting char-
acteristics of the condenser lenses 600a in this way, it is
possible to obtain the same advantages as the second
embodiment and the third embodiment.

[0116] E. Fifth Embodiment

[0117] FIG. 8 is a horizontal sectional view showing the
schematic configuration of a fifth exemplary embodiment.
The fifth embodiment is a modification of the above-de-
scribed fourth embodiment, and differs from the fourth
embodiment in that a first transmission lens 612 is disposed
between the polarization conversion element 40 and the
second transmission lens 620. Other points are the same as
the fourth embodiment. Thus, description of the same con-
figuration as the fourth embodiment will be omitted. In
addition, it also possible to apply modified forms of the
components described in the fourth embodiment to this
embodiment. In FIG. 8, the polarization beam splitter 60,
the polarizers 70 and 72, the projection lens 300, and the
projection plane 2000 are omitted.

[0118] The first transmission lens 612 is, as is the first
transmission lens 610 in the fourth embodiment, a lens array
composed of a plurality of condenser lenses 612a. While the
first transmission lens 610 in the fourth embodiment has the
function of allowing the partial light beams to nearly per-
pendicularly enter the surface of incidence 45A of the
polarization conversion element 40, the first transmission
lens 612 of this embodiment does not have such a function
because it is disposed on the emission side of the polariza-
tion conversion element 40. The configuration of this
embodiment practically omits the first transmission lens 610
of the fourth embodiment. Therefore, the configuration is
easily adopted when characteristics of light emitted from the
light source lamp 15, for example, parallelism is excellent.

[0119] The basic action and effect of this embodiment are
the same as the action and effect of the fourth embodiment.
According to this embodiment, however, since the number
of interfaces can be decreased by optically combining the
first transmission lens 612 and the second transmission lens
620, optical loss can be decreased. In addition, since the first
transmission lens 612 is also provided with the function of
the second transmission lens 620, it is possible to omit the
second transmission lens 620, and to reduce the cost of the
illuminating device and the projector.

[0120] While one condenser lens 612a corresponds to the
emission surface 46A and the emission surface 46B (see
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FIGS. 3(a)-(b)) of the polarization conversion element 40 in
this embodiment, if the condenser lenses 6124 are disposed
S0 as to provide one-to-one correspondence to the emission
surface 46 A and the emission surface 46B of the polarization
conversion element 40, that is, if the first transmission lens
612 is formed using double the number of the condenser
lenses 6124 in FIG. 8, it is possible to further increase the
light utilization efficiency of the first transmission lens 612.

[0121] F. Sixth Embodiment

[0122] FIGS. 9(a)-(b) show the schematic configuration of
a sixth exemplary embodiment of the projector of the
present invention in which FIG. 9(a) is a vertical sectional
view as seen from the X-axis direction, and FIG. 9(b) is a
horizontal sectional view as seen from the Y-axis direction.

[0123] The sixth embodiment is a modification of the
previously described fourth embodiment, and is character-
ized in that an afocal optical system 700 serving as a
reducing optical system is disposed between the lens array
600 and the first transmission lens 610. Other points are the
same as the fourth embodiment. Thus, description of the
same configuration as the fourth embodiment will be omit-
ted. It is also possible to apply modified forms of the
components described in the fourth embodiment to this
embodiment. In FIGS. 9(a) and 9(b), the polarization beam
splitter 60, the polarizers 70 and 72, the projection lens 300,
and the projection plane 2000 are omitted.

[0124] The afocal optical system 700 has the function of
reducing a diameter of overall light beams without much
deteriorating parallelism of light passing therethrough. In
this embodiment, the afocal optical system 700 is consti-
tuted by a cylindrical convex lens 710 and a cylindrical
concave lens 712 each having a curvature only in the Y-axis
direction. The function equivalent to that of the cylindrical
lenses 710 and 712 can be also realized by a combined lens
consisting of two or more lenses. In this case, the optical
aberration can be reduced. The cylindrical convex lens 710
is set on the emission side of the lens array 600, and refracts
light passing through the cylindrical convex lens 710 only in
the Y-axis direction to turn the light toward the illumination
optical axis L. On the other hand, the cylindrical concave
lens 712 is set on the incident side of the first transmission
lens 610, and substantially collimates the turned light from
the cylindrical convex lens 710 with respect to the illumi-
nation optical axis L. In this embodiment, since the afocal
optical system 700 constituted by the cylindrical lenses 710
and 712 each having the curvature only in the Y-axis
direction is used in this way, the spread of a light beam in
the Y-axis direction can be further restrained, making it
possible to maintain the polarization beam separability of
the polarization selection surface in a considerably high
state. Therefore, it is possible to realize a very bright and
high-contrast projected image. Furthermore, in this embodi-
ment, as a result of restraint of the light beam in the Y-axis
direction, the sizes of the polarization conversion element 40
and the polarization beam splitter 60 in the Y-axis direction
can be reduced, whereby a reduction in size and cost of the
illuminating device, and a reduction in size and cost of the
projector can be achieved.

[0125] In addition, the size of the projection lens 300 can
be also reduced, and a bright projected image can be realized
even if a small-aperture lens is used.

[0126] Furthermore, in the case of this embodiment, it is
possible to easily maintain the polarization beam separabil-
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ity in a high state without setting the light collecting char-
acteristics of condenser lenses 600a of the lens array 600 in
the Y-axis direction in a complicated manner.

[0127] While the cylindrical lenses 710 and 712 each
having the curvature only in the Y-axis direction are used in
this embodiment, a lens having the curvature in two direc-
tions, or a toric lens may be used. This makes it possible to
restrain the spread of the overall light beams in the X-axis
direction, and the polarization beam separability of the
polarization selection surface 62 can be maintained in a
higher state.

[0128] G. Iluminating Device according to Seventh
Embodiment

[0129] FIG. 10 is a vertical sectional view showing the
schematic configuration of a seventh exemplary embodi-
ment of the projector of the present invention. The seventh
embodiment is a modification of the above-described sixth
embodiment, and is characterized in that a cylindrical con-
vex lens 710 constituting an afocal optical system 700
serving as a reducing optical system is placed on the incident
side of a lens array 600 serving as a light beam dividing
optical element. Since other configurations are the same as
the sixth embodiment, description thereof will be omitted. In
addition, it is possible to apply modified forms of the
components described in the sixth embodiment to this
embodiment. In FIG. 10, the polarization beam splitter 60,
the polarizers 70 and 72, the projection lens 300, and the
projection plane 2000 are omitted.

[0130] Even if the position of the cylindrical convex lens
710 is changed as in this embodiment, it is possible to
achieve the same action and effect as the sixth embodiment.

[0131] A configuration may be such that a cylindrical
concave lens 712 is disposed on the emission side of a first
transmission lens 610.

[0132] H. Eighth Embodiment

[0133] FIGS. 11(a)-(b) include diagrams each showing the
schematic configuration of an eighth exemplary embodi-
ment of the projector of the present invention, in which FIG.
11(a) is a vertical sectional view as seen from the X-axis
direction, and FIG. 11(b) is a horizontal vertical view as
seen from the Y-axis direction. The eighth embodiment is a
modification of the previously described sixth and seventh
embodiments, and is characterized in that the function of the
afocal optical system is provided to the lens array 600 and
the first transmission lens 610 in the sixth and seventh
embodiments. That is, a lens array 800 serving as a light
beam dividing optical element and a first transmission lens
810 realize the afocal optical system serving as a reducing
optical system. In addition, it is possible to apply modified
forms of the components described in the sixth and seventh
embodiment to this embodiment. In FIGS. 11(a) and 11(b),
the polarization beam splitter 60, the polarizers 70 and 72,
the projection lens 300, and the projection plane 2000 are
omitted.

[0134] The lens array 800 is constituted by a plurality of
condenser lenses 800 arranged in a matrix. Light emitted
from a light source lamp 15 is divided into a plurality of
partial light beams by the light collecting action of the
condenser lenses 8004 to form as many light source images
as the number of the condenser lenses 8004 in the X-Y plane
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nearly perpendicularly intersecting an illumination optical
axis L. In addition, the lens array 800, as is the cylindrical
convex lens 710 in the sixth and seventh embodiments, has
the function of refracting light in the Y-axis direction to turn
the light toward the illumination optical axis L.

[0135] The first transmission lens 810 is constituted by a
plurality of condenser lenses 8104 arranged in a matrix. The
configuration is such that the positions of the condenser
lenses 810a correspond to positions where a plurality of
light source images are formed. The light collecting char-
acteristics of the condenser lenses 810a are set so that the
partial light beams passing through the condenser lenses
810a nearly perpendicularly enter the surface of incidence
45A of the polarization conversion element 40. In addition,
the fist transmission lens 810, as is the cylindrical concave
lens 712 in the sixth and seventh embodiments, has the
function of substantially collimating light with respect to the
illumination optical axis L.

[0136] By this embodiment, it is also possible to achieve
the same action and effect as the above-described sixth and
seventh embodiments. Furthermore, since the same function
as the afocal optical system 700 of the sixth and seventh
embodiments can be realized by the lens array 800 serving
as the light beam dividing optical element and the first
transmission lens 810, it is possible to realize reductions in
size, weight, and cost of the illuminating device by reducing
the number of members.

[0137]
ment

[0138] FIG. 12 is a vertical sectional view showing the
schematic configuration of a ninth exemplary embodiment
of the projector of the present invention.

[0139] The ninth embodiment is a modification of the
previously described fourth embodiment, and is character-
ized in that a concave lens system 900 serving as a reducing
optical system is placed between a second transmission lens
620 and a collimator lens 32. Other points are the same as
the fourth embodiment. Thus, description of the same con-
figurations as the fourth embodiment will be omitted. In
addition, it is also possible to apply modified forms of the
components described in the fourth embodiment to this
embodiment. In FIG. 12, a polarization beam splitter 60, the
polarizers 70 and 72, the projection lens 300, and the
projection plane 2000 are omitted.

I. Mluminating Device according to Ninth Embodi-

[0140] The concave lens system 900 is composed of a
combined lens formed by a combination of two concave
lenses 900a and 900) in order to reduce the optical aberra-
tion, and has an action of compressing a diameter of the
overall light beams in the X-direction and the Y-axis direc-
tion. Therefore, the spread of the light beam in the Y-axis
direction and the X-axis direction can be further restrained,
making it possible to maintain the polarization beam sepa-
rability in a considerably high state. Thus, a very bright and
high-contrast projected image can be realized. Furthermore,
in this embodiment, as a result of restraint of the light beam
in the Y-axis direction and the X-axis direction, the sizes of
the polarization conversion element 40 and the polarization
beam splitter 60 can be reduced, and a reduction in size and
cost of the illuminating device, and a reduction in size and
cost of the projector can be achieved. In addition, the size of
the projection lens 300 can be reduced, and a bright pro-
jected image can be realized even if a small-aperture lens is
used.
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[0141] A configuration may be such that the concave lens
system 900 is a cylindrical concave lens having the curva-
ture only in the Y-axis direction to restrain the spread of light
in the Y-axis direction. In addition, the concave lens system
900 may be used in the projector using the rod as in the first
to third embodiments.

[0142] 7. Tenth Embodiment

[0143] FIG. 13 is a schematic horizontal sectional view
showing a principal part of the projector according to a tenth
exemplary embodiment of the present invention. This
embodiment is a modification of the projector according to
the above first to ninth embodiments, and is characterized in
that light emitted from a polarization beam splitter 60 is
separated into red light, blue light and green light using a
wedge-shaped prism serving as a spectral device, and col-
ored lights enter into three reflective-type liquid crystal
devices provided in correspondence with the colored light to
realize a color image. The configuration part shown in FIG.
13 is a part that can be replaced by the configurations
subsequent to the collimator lens 32 of the first to ninth
embodiments. Both illustration and description of a portion
toward the light source from the collimator lens 32, the
projection lens 300, and the projection plane 2000 will be
omitted.

[0144] The color separating device 100 is formed by a
combination of three prisms 100a, 1005, and 100c. The
wedge-shaped prism 100z is formed in the columnar shape
having a triangular cross section, and a dichroic film R for
reflecting the red light and transmitting other colored lights
is formed on a surface thereof adjacent to the wedge-shaped
prism 100b. The wedge-shaped prism 100a is disposed
between the polarization beam splitter 60 and the wedge-
shaped prism 1005 so as to have very small clearances. The
wedge-shaped prism 1000 has the shape similar to the
wedge-shaped prism 1004, and a dichroic film B for reflect-
ing blue light and transmitting other colored lights is formed
on the surface thereof bonded to the wedge-shaped prism
100c. The prism 100c¢ is a columnar prism having a sub-
stantially trapezoidal cross section in which each one side is
formed as an oblique line. A plane equivalent to the oblique
line of the prism 100c is bonded to the plane of the
wedge-like prism 100b on which the dichroic film B for
blue light is formed.

[0145] A liquid crystal device 1000R is a reflective-type
liquid crystal device specially designed for the red light, and
is set to face a plane on which the dichroic film R for the red
light of the wedge-shaped prism 100z is not formed, and
which is not adjacent to the polarization beam splitter 60. In
addition, a liquid crystal device 1000B is a reflective-type
liquid crystal device specially designed for the blue light,
and is set to face a plane on which the dichroic film B for the
blue light of the wedge-shaped prism 1005 is not formed and
which is not adjacent to the wedge-shaped prism 100a.
Furthermore, a liquid crystal device 1000G is a reflective-
type liquid crystal device specially designed for the green
light, and is set to face a plane equivalent to an opposite side
of the oblique line of the prism 100c. The basic structures of
the liquid crystal devices 1000R, 1000B, and 1000G are the
same as the liquid crystal device 1000 used in the above
embodiments, and optical characteristics of liquid crystal
layers and pixel electrodes are optimized according to the
wavelength region of the corresponding colored light.
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[0146] In this embodiment, a polarized light beam (for
example, s-polarized light beam) emitted from the illumi-
nating device and reflected by a polarization selection sur-
face 62 of the polarization beam splitter 60 firstly enter the
wedge-shaped prism 1004 to be separated into a red light to
be reflected by the dichroic film R for the red light, and a
blue light and a green light to be transmitted by the dichroic
film R for the red light. The red light reflected by the
dichroic film R for the red light is totally reflected at an
interface of the wedge-shaped prism 100a facing the polar-
ization beam splitter 60 and then, enters the liquid crystal
device 1000R for the red light, and is modulated based on
external image information (not shown). Next, the blue light
and the green light transmitted by the dichroic film R for the
red light enter the wedge-shaped prism 1005 to be separated
into a blue light reflected by the dichroic film B for the blue
light and a green light transmitted by the dichroic film G for
the blue light. The blue light reflected by the dichroic film B
for the blue light is totally reflected at an interface of the
wedge-shaped prism 1005 facing the wedge-shaped prism
100a and then, enters the liquid crystal device 1000B
specially designed for the blue light, and is modulated based
on external image information (not shown). Finally, the
green light transmitted by the dichroic film B for the blue
light goes substantially straight in the prism 100c to enter the
liquid crystal device 1000G specially designed for the green
light, and is modulated based on external image information
(not shown).

[0147] Each of the colored lights reflected by each of the
liquid crystal devices 1000R, 1000B, and 1000G, returns
through the same optical path at the time of entering to be
synthesized as a projected light, and enters the polarized
beam splitter 60 again. Since the polarized light beams
modulated by the external image information are partially
p-polarized light beams, the polarized light beams are trans-
mitted by the polarization selection surface 62, and are
enlarged and projected on a front projection plane 2000 by
a projection lens 300 serving as a projection means. Three
colored lights modulated by the three liquid crystal devices
1000R, 1000G, and 1000B are projected onto the projection
plane 2000 by the above process so as to be superimposed
at the same position, and display a color image. A configu-
ration may be adopted in which the color separating device
100 is disposed at a position to oppose the illuminating
device across the polarization beam splitter 60. In this case,
the polarization state of illumination light emitted from the
illuminating device is unified in the p-polarized state so that
s-polarized light beams emitted from the reflective-type
liquid crystal devices 1000R, 1000G, and 1000B enter the
projection lens 300.

[0148] In this embodiment, the sizes of the polarization
beam splitter 60 and the like are relatively large, compared
with the sizes of the liquid crystal devices 1000R, 1000G,
and 1000B, as shown in FIG. 13. For this reason, in
particular, the combination of this embodiment with the fifth
to eighth embodiments in which the afocal optical system
700 serving as a reducing optical system and the concave
lens system 900 are adopted is convenient for realizing a
reduction in size of the polarization beam splitter 60.

[0149] According to this embodiment, it is possible to
obtain the same advantage as one of the first to ninth
embodiments.
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[0150] K. Other Embodiments

[0151] The embodiments of the present invention is not
limited to the above-described examples, and various modi-
fications can be made within the scope of the invention. For
example, while the rods 20, 210, and 220 are composed of
solid rods consisting of light-guiding materials in the above
first to third embodiments, the rod may be cylindrical hollow
rod formed by a member having a light-reflecting surface,
for example, a reflecting mirror (surface-reflecting mirror is
desirable). In this case, light is reflected by a reflection
surface directed to the inside of the hollow rod, and the light
propagates in air having a low refractive index as compared
with a glass material or the like. A surface of a common
reflecting mirror or the reflecting mirror on which a reflec-
tion-enhancing film is formed by a dielectric body can be
used for the reflection surface. Since the hollow rod can be
manufactured easier than the solid rod consisting of a mass
of the light-guiding materials, it is possible to reduce the cost
of the illuminating device to be lower than the case where
the solid rod is used. Furthermore, since air having a
refractive index almost equal to 1 is contained in the hollow
rod, the sizes of the rods 20, 210, and 220 in the Z-axis
direction can be made shorter than the case where the solid
rod having a refractive index larger than 1, and there is a
possibility of reducing the size of the illuminating device,
and the size of the projector.

[0152] In addition, the projector may be either of a rear-
type in which a screen is projected from rearward, or a
front-type in which the screen is projected from the front.

What is claimed is:
1. A projector, comprising:

a light beam dividing optical element that divides light
from a light source into a plurality of partial light
beams;

a polarization conversion element that converts the plu-
rality of partial light beams into one type of polarized
light beam polarized substantially in same directions;

an electro-optical device that modulates an illumination
light beam emitted from the polarization conversion
clement;

a projection lens that projects light modulated by the
electro-optical device; and

a polarization selection surface that selects light of a
predetermined polarized component included in the
illumination light beam, that emits the light toward the
electro-optical device, that selects light of a predeter-
mined polarized component in the light modulated by
the electro-optical device and that emits the light
toward the projection lens,

when a plane defined by a normal line of a polarization
selection surface and a central axis of the illumination
light beam is assumed to be a plane of incidence, a
direction parallel to the plane of incidence and perpen-
dicularly intersecting the central axis is defined as the
X-axis direction, and a direction perpendicularly inter-
secting the plane of incidence is defined as the Y-axis
direction, a direction of polarization beam separation
by the polarization conversion element being the
X-axis direction.
2. The projector as claimed in claim 1, the electro-optical
device being a reflective-type liquid crystal device disposed



US 2002/0018184 Al

at a position on which either light transmitted or reflected by
the polarization selection surface is incident, modulating the
incident light, and emitting the modulated light from the
plane of incidence of the light.

3. The projector as claimed in claim 1, the light beam
dividing optical element being configured so as to narrow
spacings of a plurality of light source images in the Y-axis
direction.

4. The projector as claimed in claim 3, the light beam
dividing optical element being a rod that reflects light
incident from an incident end surface at a plurality of pairs
of reflection surfaces, that divides the light according to
differences in reflection positions, and that emits the light as
a plurality of partial light beams from an emission end
surface, and

the rod being disposed so that a spacing of a pair of the
reflection surfaces opposing in the Y-axis direction is
gradually widened from the incident end surface
toward the emission end surface.

5. The projector as claimed in claim 4, the rod being
disposed so that a spacing of a pair of the reflection surfaces
facing in the X-axis direction is gradually narrowed from the
incident end surface toward the emission end surface.

6. The projector as claimed in claim 4, the emission end
surface of the rod having a shape substantially similar to a
shape of a display area of the electro-optical device.

7. The projector as claimed in claim 4, the rod being
composed of a solid light-guiding member consisting of a
light-guiding material.

8. The projector as claimed in claim 4, the rod being
composed of a hollow light-guiding member having a light-
reflecting surface formed on an inside surface of a cylindri-
cal member.

9. The projector as claimed in claim 3, the light beam
dividing optical element being a lens array composed of a
plurality of condenser lenses aligned in the X-axis direction
and the Y-axis direction.

10. The projector as claimed in claim 9, the plurality of
condenser lenses having shapes substantially similar to a
shape of a display area of the electro-optical device.

11. The projector as claimed in claim 9, the plurality of
condenser lenses including a decentered lens.
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12. The projector as claimed in claim 9, further compris-
ing a reducing optical system that reduces an overall cross
sectional size of the illumination light beam in the Y-axis
direction disposed between the light source and the polar-
ization conversion element.

13. The projector as claimed in claim 12, the reducing
optical system further reducing the overall cross sectional
size of the illumination light beam also in the X-axis
direction.

14. The projector as claimed in claim 12, the reducing
optical system comprising at least one convex lens disposed
on one of the incident side and the emission side of the light
beam dividing optical element, and at least one concave lens
disposed on the incident side of the polarization conversion
element.

15. The projector as claimed in claim 14, at least one of
the convex lens and the concave lens being formed by a
combination of two or more lenses.

16. The projector as claimed in claim 1, further compris-
ing a reducing optical system that reduces an overall cross
sectional size of the illumination light beam in the Y-axis
direction disposed between the polarization conversion ele-
ment and the polarization selection surface.

17. The projector as claimed in claim 16, the reducing
optical system further reducing the overall cross sectional
size of the light beam consisting of a plurality of partial light
beams in the X-axis direction.

18. The projector as claimed in claim 16, the reducing
optical system being a combined lens formed by using at
least one or more concave lenses.

19. The projector as claimed in claim 16, the reducing
optical system being composed of a cylindrical lens.

20. The projector as claimed in claim 1, the polarization
conversion element including a polarization beam separa-
tion film that transmits one polarized light beam and that
reflects another polarized light beam in two types of polar-
ized light beams, a reflecting film that reflects the other
polarized light beam, and a retardation film that unifies the
directions of polarization of the two types of polarized light
beams in order to unify directions of emission of the two
types of the polarized light beams.
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