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DESCRIPTION

PROJECTION OPTICAL APPARATUS

TECHNICAL FIELD

The present invention relates to
projectioﬁ optical apparatuses (including projection
imaging apparatuses), and particularly to oblique

projection optical apparatuses.

BACKGROUND ART

Projection-type image display apparatuses
are known in which an original image, such as a
still image of a letter or a picture, or a moving
image, ié two-dimensiocnally formed on a small light
valve and then magnified and projected by a
projection optical system. The light wvalve, which
may also be referred to as a spatial light modulator,
is utilized in technologies such as transmissive
liguid crystal display (LCD) panels and Digital
Light Processing (DLP) and Ligquid Crystal on Silicon
(LCoS) technologies.

While DLP is currently the most dominant
technology in the market place, the LCoS panel is

increasing its share because of its superior
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contrast characteristics and higher optical
utilization efficiency than the transmissive LCD
panel, and because of its capability to accommodate
the increasing numbers of pixels in the recent years.

Projector-type image display apparatuses
include the front-projection type and the rear-
projection type. In the front-projection type, an
image on the light valve is magnified and projected
on a projection surface, such as a reflecting screen,
disposed away from the device so that the reflected
light can be observed. In the rear-projection type,
a transmissive screen is provided within the
apparatus as a projection surface, and an image on
the light valve is magnified and projected onto the
screen from behind it, so that the projected image
can be viewed from the front of the screen.

In either type of the image display
apparatus, it is desirable to reduce the size of the
apparatus. Further, by reducing the distance
between the device and the projection éurface, it
becomes possible to realize a large screen size
within the minimum space.

Patent Document 1 indicated below
discloses a rear-projection apparatus in which the

optical path is folded twice between the light valve
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and the screen, whereby an original image that is
longer vertically on the light wvalve is projected
longer horizontally on the screen.

In this technology, a planar mirror is
provided as a first light-deflecting unit disposed
in the optical path of a projection lens system in
order to deflect the optical path in a direction
perpendicular to a base surface. A second light-
deflecting unit is disposed in the optical path
between the projection lens system and the screen
surface in order to deflect the optical path in a
direction parallel to the base surface.

Patent Document 2 discloses a projection
optical apparatus (oblique projection optical
apparatus) having a reduced projection distance. In
this technology, an intermediate image of an
original image on the light valve is generated by a
transmissive-refractive system. The intermediate
image is refocused by a concave mirror onto the
screen.

Patent Document 3 discloses that the
optical path of a light flux emerging from a group
of lenses is deflected by a mirror in order to fold

the optical axis.
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Specifically, the light rays for an image
on a panel (spatial light modulator) are bent by a
mirror after passing through an optical system and
are further bent by another mirror before they reach
a concave mirror, by which the light rays are bent
and additionally bent by another mirror before the
image is projected on a projection surface.

Patent Doéument 1: Japanese Laid-Open
Patent Application No. 2004-347872

Patent Document 2: Japanese Laid-Open
Patent Application No. 2006-235516

Patent Document 3: W02006-058884

In the technology of Patent Document 1,
the projection lens system extends Vertically with
respect to the base plate surface due to the first
light-deflecting unit. Furthermore, there is the
second light-deflecting unit disposed in the optical
path between the projection lens system and the
screen surface.

In this structure, because the height
from the base surface is large, the apparatus would
have an increased height if adapted for front-
projection purposes.

In the optical system according to Patent

Document 2, the thickness of the apparatus as a
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whole in the up-down direction, when adapted for a
front-projection configuration, is obviqusly
dependent on the size (height) of the largest
concave mirror. In additioh, because-the
transmissive-refractive optical system as a whole is
disposed above the concave mirror, the height of the
apparatus is increased all the more.

This'problem_is neither so conspicuous
nor serious when the optical system is used for a
rear-projection application and contained in the
casing of a rear-projection apparatus. However,
when applied in a front-projection apparatus, the
size of the apparatus becomes much more noticeable.

Furthermore, the space below fhe
transmissive-refractive optical system provides an
extensive dead space extending to the lower edge of
the concave mirror. Because the optical system is
disposed linearly in the projection direction, the
length of the apparatus in the projection direction,
i.e., the depth of the apparatus, 1is large, thus
making it diffiéult to realize a compact projection
apparatus (because the optical system needs to be
disposed further in the back of the projected image).

While in the technology of Patént

Document 3, the optical axis is bent downward by a
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mirror, because the panel (spatial light modulator)
is located below the concave mirror, the height of
the set is increased.

Additionally, because the optical path is
bent between the projection lens system and the
concave mirror, the size of the elements required
for the deflection of the optical path increases due
to reasons which will be discussed below. The
position of the projection light flux as it travels

from the projection lens system to the concave

mirror is off the optical axis of the projection

lens system, which makes the setting of the elements
in the optical path deflecting portion difficult.

In order to interpose the elements for
folding the optical path, the distance between the
projection lens system and the concave mirror needs
to be increased. As seen from the drawings of
Patent Document 2 illustrating the optical path, the
projection light flux from the projection lens to
the concave mirror has increasingly greater angles
with respect to the optical axis of the lens system
as the angle of view increases. As a resulf, the
size of the concave mirror that receives such light

fluxes increases as the distance from the lens



10

15

20

25

WO 2009/041249 . PCT/JP2008/066145

system increases, so that the cost of the concave
mirror also increases in a corresponding manner.

In the technology of Patent Document 3,
an intermediate image is located between the

projection lens system and the concave mirror, and

the optical path is bent near the intermediate image,

with the folding mirror disposed where the light
fluxes are concentrated. As a result, the quality
of the projécted image is subject fo even a slight
error in the shape of the folding mirror and thus
tends to degrade.

An analysis by the present inventors
indicates that the optical systems of the type in
which an intermediate image is formed, as in Patent
Documents 2 and 3, have certain characteristics in
the light rays emerging from the projection lens
system.

Specifically, the light ray with a large
angle of view (i.e., the ray that emerges from a
large height of the object) passes through a point
close to the edge of a final lens, so that it is
guided to the concave mirror with a large output
angle.

Due to such features, the size of the

final lens or a lens disposed nearby it in the
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projection lens system tends to increase when the
optical path space is extended for the folding.

Furthermore, because the light fluxes
from the lens system spread before they are incident
on the concave mirror, the size of the concave
mirror also tends to increase.

In Patent Documents 1 to 3, the optical
path of the light ray that emerges with a large
output angle from the projection lens system is bent
by a folding mirror.

Such folding of the optical axis invites
an increase in the size of the lenses, and prevents
a decrease in the size of the apparatus.

When the folding mirror is disposed where
light fluxes are focused as mentioned above, the
quality of the projected image is subject to even a
slight error in the shape of the folding mirror and
thus tends to degrade.

" Thus, in'the aforementioned types of
projection optical apparatuses, the decrease in size
of the apparatus cannot be achieved simply by
folding the optical axis with a folding mirror. It
is therefore difficult to prevent a drop in image
quality and reduce the size of the apparatus at the

same time.
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Although FIG. 9 of Patent Document 3, for
example, shows a foldiﬁg mirror folding the optical
axis, where the spread of the light flux is
prevented by a lens, the aforementioned problem of
the quality éf the projected image being subject to
even a slight error in the shape of the folding

mirror and thus tending to degrade still remains.

DISCLOSURE OF THE INVENTION

It is therefore a general object of the
present invention to provide a projection optical
apparatus in which one or more of the aforementioned
problems of the related art are eliminated.

In order to achieve the aforementioned
objects, in accordance with an embodiment of the
present invention, instead of folding the light beam
that emerges from a projection lens system with a
large output angle, the light beam is folded in an
area closer to the spatial light modulator in the
projection lens system where the light beam does not
spread or is designed not to spread.

In order to prevent the spreading of the
light beam, a groué of lenses disposed closer to the
object (i.e., the spatial light modulator) with

reference to the folding space may be provided with
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a positive power. The greater the power, the more
the light beam can be controlled to converge.
Aberrations, such as axial chromatic aberration and
optical face angle error, should also be balanced.

By designing the optical system so that
the light beam that emerges from the group of lenses
disposed closer to the spatial light modulator with
reference to the folded space does not spread, the
spread of the light beam (i.e., an increase in the
size of the elements) in the folded space can be
prevented.

Because there are no conditions
concerning the concentration of light fluxes in the
folded space where an intermediate image is formed,
it becomes possible to control the image quality
degradation due to the error in the shape of an
optical path deflecting unit (such as a folding
mirror) provided for the folding.

In an aspect, the invention provides a
projection optical apparatus comprising a spatial
light modulator; and a projection optical system
including a first optical system having a
transmissive-refractive element and a second optical
system having a reflective-refractive element; An

image formed by the spatial light modulator is
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projected by the projection optical system on a
projection surface. A light beam that travels along
an optical path that leads from the second optical
system to the projection surface in an optical path
between a center of the image formed by the spatial
light modulator‘and the projection surface is
projected at an angle with respect to a normal to
the projection surface. When a vector in the
direction of travel of the light beam is vector A, a
projected component of the vector A that is
substantially parallel to the projection surface is
defined as an up direction, and a direction opposite
to the up direction is defined as a down direction.
The optical axis of the first optical system is
folded by an optical path deflecting unit in a
direction including a vector in an up or down
direction in an area of the first optical system
closer to the spatial light modulator.

In a preferred embodiment, when a
direction perpendicular to the up or down direction
is defined as a horizontal direction, the optical
axis of the first optical system is folded in a
direction including a vector in the horizontal
direction in addition to the direction including the

vector in the up or down direction.



10

15

20

25

WO 2009/041249 PCT/JP2008/066145

12

In another preferred embodiment, a group
of lenses disposed closer to the spatial light
modulator with reference to the folded position in
the first optical system has a positive composed
powef, wherein light fluxes emitted by the group of
lenses do not spread or are substantially parallel.

In another preferred embodiment, the
folded position in the first optical system is such
that light fluxes emitted by a group of lenses
disposed closer to the spatial light modulator with
reference to the folded position do not spread or
are substantially parallel.

In another preferred embodiment, the
second optical system includes a reflective-
refractive element having a positive power, and
wherein an intermediate image is produced between
the first optical system and the second optical
system.

In another preferred embodiment, the
reflective-refractive element having the positive
power has the largest effective diameter in the
projection optical system.

In another preferred embodiment, the
folding in the direction including the vector in the

up or down direction in the first'optical system
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takes place toward a lower edge of the reflective-
refractive element, wherein a group of lenses
disposed closer to the spatial light modulator with
reference to the folded position in the first
optical system is disposed in a space whose lower
limit is defined by the lower edge of the
reflective-refractive element.

In another preferred embodiment, a group
of lenses disposed closer to the spatial light
modulator in the first optical system has an optical
axis L1, the optical axis L1 is folded by a first
optical path deflecting unit disposed on the optical
axis L1 into an optical axis L2, and the optical
axis L2 is folded by a second optical path
deflecting unit disposed on the optical axis L2 into
an optical axis L3, wherein the optical axes L1, L2,
and L3 are not in the same plane in the first
optical system.

In another preferred embodiment, the
first optical system includes a focus adjusting
mechanism provided for a group of lenses disposed
closer to the second optical system in the first

optical system.
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In another preferred embodiment, the
optical path deflecting unit includes a planar
mirror.

In another preferred embodiment, the
apparatus further comprises a plurality of the
optical path deflécting units, wherein two of the
optical path deflecting units that are disposed on a
single optical axis are integrally or successively
strucfured.

In a preferred embodiment, the optical
path deflecting unit comprises a prism including two
optical path deflecting units, wherein a normal to a
deflecting/reflecting surface of one of the optical
path deflecting units and a normal to a
deflecting/reflecting surface of the other of the
optical pafh deflecting units are perpendicular to
each other.

In a preferred embodiment, a control
substrate for the spatial light modulator is
disposed substantially parallel to a left/right
direction of the projection surface and to a plane
that includes the optical axis of a group of lenses
disposed closer to the second optical system in the

first optical system.
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In a preferred embodiment, an
illumination optical system is disposed in a spatial
region surrounded by the optical axes L1, L2, and L3.

In a preferred embodiment, the spatial
light modulator is disposed at the same height as or
above a lowest edge of the second optical system.

In a preferred embodiment, the apparatus
further comprises a movable mechanism for supporting
the second optical system movably relative to the
first optical system, wherein the second optical
system is movable toward the first optical system
when no image is being projected in order to reduce
a depth of the apparatus.

In a preferred embodiment, an opening
portion and a light-blocking portion are provided in
an optical path between the second optical system
and the projection surface, wherein, during
projection of an image, reflected light from the
second optical system passes through the opening

portion in a converging manner.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects, features and
advantages of the invention will be apparent to

those skilled in the art from the following detailed
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description of the invention, when read in
conjunction With the accompanying drawings in which:

FIG. 1 shows a side view of a projection
optical apparatus according to an embodimeﬁt of the

5 invention;

FIG. 2 shows an enlarged view of a main
portion of the projection optical apparatus
according to the embodiment of the invention;

FIG. 3 shows a perspective view of a

10 first optical system in the projection optical
apparatus;

FIG. 4 schematically shows how an optical
axis is folded in the embodiment of the invention;

| FIG. 5A shows a side view of the
15 projection optical apparatus along a first group of
lenses in the first optical system;

FIG. 5B shows a plan view of the first
optical system and a second optical system of the
projection optical apparatus;

20 FIG. 6A shows a side view illustrating a
focus adjustment process;

FIG. 6B shows another side view
illustrating the focus adjustment process;

FIG. 6C shows another side view

25 illustrating the focus adjustment process;
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FIG. 7 shows a projection optical
apparatus according to the related art;

FIG. 8 shows a perspective view of an
optical path deflecting unit according to another
embodiment of the invention;

FIG. 9 shows a perspective view
illustrating an arrangement of spatial light
modulators and a control substrate according to
another embodiment of the invention;

FIG. 10 shows a plan view of an
arrangement of elemeﬁts in another embodiment of the
invention;

FIG. 11A shows a movable mechanism
according to another embodiment of the invention
when an image is being projected;

FIG. 11B shows the movabie mechanism when
no image is being projected;

FIG. 12A shows a side view showing an
opening structure, a light-blocking structure, and a
movable mechanism according to another embodiment of
the invention; and

FIG. 12B shows another side view of the
embodiment of FIG. 12A where the movable mechanism

is moved to reduce the size of the apparatus.
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BEST MODE OF CARRYING OUT THE INVENTION

FIG. 7 shows a side view of a front-
projection apparatus according to the related art.
An original image formed on a light wvalve 1, which
is a spatial light modulator, is magnified and
projected by a projection optical system consisting
of a first optical system 2 and a second optical
system 3 on a projection surface 4. In the example
of FIG. 7, the first optical system 2 1is constructed
of a transmissive-refractive system. The second
optical system 3 is constructed of a reflective~-
refractive system.

The original image on the light wvalve 1
is projected on the projection surface 4 as an erect
image. An inverted image of the original image on
the light valve 1 is produced between the first
optical system 2 and the second optical system 3 as
an intermediate image by the transmissive-refractive
system.

The intermediate image is projected by
the second optical system 3 on the projection
surface 4 as an erect image.

The light valve 1 and the first optical
system 2 are disposed in a straight 1line, so that

the depth of the apparatus is D, with the area
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between the underside of the first optical system 2
and the lower edge of the second optical system 3
providing a dead space.

In the following, a first embodiment of

‘the invention is described, in which parts

corresponding to those described with reference to
FIG. 7 are referenced by corresponding numerals.

Béfore describing the present embodiment,
vector A is defined in order to define a Y direction
in an oblique projection optical apparatus according
to the present embodiment.

FIG. 1 shows a light beam a that travels
along an optical path that leads from a second
optical system 3' to a projection surface 4 in an
optical path between a center of an image formed on
a spatial light modulator 1 and the projection
surface 4. The light beam a is projected at an
angle with respect to a normal N to the projection
surface 4. In this case, even if there is a
deflecting element along the path of the light beam
a, the light beam a is assumed to pass through such
a deflecting element in a straight line and reach
the projection surface 4.

The vector of the light beam a in its

direction of travel is defined as vector A, a
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projected compbnent of vector A substantially
parallel to the projection surface 4 is defined as
an up direction (U), and a direction opposite to the
up direction i1s defined as a down direction. Thus,
the Y direction corresponds to an up or down
direction, and the direction in which the optical
path is folded includes the up or down direction.

In FIG. 1, the optical axis of the first
optical system 5 is deflected by the optical path
deflecting unit 6 (see FIG. 3) in the +Y direction,
and is then deflected by the second optical path
deflecting unit 7 (see FIG. 3) in the +X direction.

Thus, in the present embodiment, the
optical path is folded in the first optical system 5,
in which at least the folding in the up/down
direction takes place closer to the object side
(spatial light modulator side) than the folded
position.

More specifically, the optical axis 1is
folded in the -Y direction with respect to the
optical axis of the first optical system with no
folding shown in FIG. 7.

By adopting this structure, as shown in

FIG. 1, the depth of the apparatus is reduced to DIl
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from the depth D2 with no folding (which corresponds
to the depth D in FIG. 7).

Furthermore, because the folded portion
of the optical axis can be located in the dead space
under the firét optical system (see FIG. 7) in the
case of no folding, the dead space can be
effectively utilized.

FIG. 5A shows a Y-Z plane of the
projection optical apparatus according to the
present embodiment. FIG. 5B shows an X-Z plane of
the projection optical apparatus. As shown in FIG.
5A, a first group 5A (closer to the light valve) of
the first optical system 5 is disposed near the base
surface (X-Z2 plane). The area of the first optical
system 5 other than its second group 5B as seen in
the plan view (FIG. 5B) has a height Y1 which is
lower than the height of the second group 5B. Thus,
the height of a major portion of the apparatus can
be reduced to a height H. With reference to FIGs.
5A and 5B, numeral 22 indicates a casing of the
apparatus. Also in FIGs. 5A and 5B, the optical
path deflecting ﬁnits 6 and 7 are shown as having
rectangular shapes for the sake of easy

understanding.
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Thus, by folding the optical path in the
up-down direction, i.e., the Y direction within the
first optical system 5, the image-forming portion
including the spatial light modulator 1 can be
located at a lower position.

However, there may be cases where
projection performance should be given priority at
the expense of layout conditions. Thus, it may be
impossible to design an optical system that has a
sufficiently long space for allowing the folding of
the optical path. In such a case, there may arise
the problem that the optical path needs to be
extended downward.

Specifically, simply folding the optical
path downward may result in the downward length
exceeding the lower edge of the second optical
system 3', thus increasing the height of the
apparatus.

In order to overcome this problem, in
accordance with the present embodiment, at least the
first optical system 5 is also folded in a
horizontal direction perpendicular to the up/down
direction, thus preventing the height of the

apparatus extending beyond Y3 in FIG. O5A.



10

15

20

WO 2009/041249 PCT/JP2008/066145
' 23

Thus, by folding the optical path in the
horizontal direction as well as in the -Y direction
within the range between Y2 and Y3, the increase in
the overall height of the apparatus can be prevented.

The spatial light modulator 1 may be a
light wvalve such as an LCD panel. In this case,
because an illumination engine for illuminating the
panel can be disposed in a lower portion of the
apparatus (dead space), an apparatus with a more
stable center of gravity can be realized.

Particularly in the configuration of FIG.
2, where the height of the lower edge of the second
optical system 3' is indicated by Y3, by locating
the spatial 1light modulator 1 above Y3, the dead
space can be effectively utilized without increasing
the height of the apparatus, thus making it possible
to realize an apparatus with a smaller volume.

In FIG. 2, which shows an X-Y plane, the
optical path deflecting units (planar mirrors) 6 and
7 are provided in the optical path between the first
group 5A and the second group 5B. The optical axis
L1 (see FIG. 4) of fhe first group 5A is along the Z
axis direction, and is deflected by the optical path

deflecting unit 6 in the Y direction.
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This is followed by the optical path
deflecting unit 7, by which the optical axis L2 (see
FIG. 4) is deflected in the X axis direction into an
optical axis L3. In the optical path space between
the second group 5B and the second optical system 3'
(which is a reflective-refractive element having a
positive power), an intermediate image plane I is
formed.

The base surface of the apparatus lies in
the X-Z plane. The height of the base surface in
the Y direction substantially corresponds to the
minimum height of the reflective-refractive element
3' in the Y direction.

In the example shown in FIG. 3
(perspective view), the longitudinal direction of
the original image on the spatial light modulator 1
is in the Y direction. The longitudinal direction
of the original image on the spatial light modulator
1l is in the Y-Z plane on the deflecting surface of
the optical path deflecting unit 6.

A normal to the deflecting_surface of the
optical path deflecting unit 6 is in the Y-Z plane,
and is inclined at 45° with respect to the Z axis.

On the deflecting surface of the optical

path deflecting unit 7, the longitudinal direction
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of the original image on the spatial light modulator
1 is in the Z axis direction. A normal to the
deflecting surface of the optical path deflecting
unit 7 is in the X-Y plane and inclined at -45° with
respect to the X axis.

Because the optical axis is deflected in
the X direction by the optical path deflecting unit
7, the projection surface is in the Y-Z plane. Thus,
the longitudinal difection of the image is in the Z
direction on the projection surface in'the Y-Z plane,
so that the projected image is longer in the lateral
direction.

In the above described configuration, the

following advantageous effects can be obtained.

e The depth of the overall apparatus can be reduced
compared with the conventional structure shown in
FIG. 7.

e The dead space below the first optical system 5 is
reduced as shown with hatching in FIG. 1, compared
with the conventional example of FIG. 7. Thus, the
dead space, thch is due to the second optical
system 3' with a large effective diameter, can be
effectively utilized and the required space of the

apparatus can be reduced.



WO 2009/041249 PCT/JP2008/066145
26

® Because of the folding in the downward and
horizontal directions, not only can the dead space
be effectively utilized but also the length of the
optical system in the horizontal direction can be
reduced by the length of the portion of the optical
system that is folded in the height direction. Thus,
the size of the apparatus in the depth direction can
be reduced.
e The longitudinal direction of the spatial 1light
modulator can be disposed in a vertical direction
with respect to the base surface of the appafatus,
so that an image that is longer in the direcfion
parallel to the base surface, i.e., the lateral
direction, can be projected on the projection
surface. When the spatial light modulator is thus
disposed in the vertical direction, the volume of a
cross prism or the like can be reduced, whereby the
cost for the cross prism and the weight of the
apparatus can be reduced. |

With reference to Figs. 1, 2, and 3,
because the optical path deflecting units 6 and 7
are successively disposed in the optical path space
in the first optical system 5 between the first
group 5A, which is closer to the spatial light

modulator 1, and the second group 5B, which is
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closer to the intermediate image, the deflecting
units can be readily arranged without complicating
the structure or increasing the size of the
apparatus.

While the optical axis L1 of the first

group 5A of the first optical system 5 is shown to

be parallel to the Z axis in the perspective view of

FIG. 3, the optical axis L1 may be inclined with
respect to the Z axis at a certaiﬁ angle in the X-2Z
plane or in the Y-Z plane, or both.

When the optical axis is inclined in the
X-7Z plane, the image can be projected on the
projection screen in the correct orientation by
rotating the spatial light modulator 1 appropriately
depending on the inclination angle.

FIGs. 6A to 6C illustrate a focusing
adjustment mechanism configured to move the optical
elements of the second group 5B alone of the first
optical system 5. FIG. 6A is an example of a
projection screen size of 50 inches, FIG. 6B is an
example of a projection>screen size of 75 inches,
and FIG. 6C shows an example of a projection screen
size of 100 inches.

Thus, the focus adjusting mechanism is

concentrated in the second group 5B, which is
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positioned close to the top of the apparatus with
respect to the first group 5A. This means that the
focus adjusting mechanism does not need to be
disposed deep down from the apparatus top. Thus, a
necessary unit for operating the focus adjusting
mechanism does not need to be complicated in |
structure or increase in size. It should be readily
understood that if the focus adjustment mechanism is
disposed deep down, the focus adjusting mechanism
would have to increase in size or become complex in
order to provide its operating unit on the outside
of the top surface.

In accordance with the present embodiment,
the optical path deflecting units 6 and 7 are both
comprised of planar mirrors, which are
advantageously inexpensive. This also provides the
advantage that the optical path deflecting units 6
and 7 can be readily matched with an optical system
mirror frame (not shown), which is generally
cylindrical.

FIG. 8 shows a second embodiment of the
present invention, in which parts or elements
corresponding to those of the foregoing embodiment
are indicated with corresponding numerals, and the

description of their structure or function are
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omitted unless necessary (the same applies to the
subsequent embodiments).

In the present embodiment, an optical
path deflecting unit 8 including two rectangular
prisms that are integrally combined is employed.
Specifically, the optical path deflecting unit 8
includes a first rectangular prism 9 and a second
rectangular prism 10, which correspond to the
optical path deflecting units 6 and 7, respectively,
of the first embodiment. A normal to the deflecting
surface 9A of the first rectangular prism 9 and a
normal to the deflecting surface 10A of the second
rectangular prism 10 are perpendicular to each other.
Thus, as mentioned above, when the longitudinal
direction of the spatial light modulator 1 is
disposed in a direction normal to the base surface,
the longitudinal direction of the projected image
becomes parallel to the baée surface, as described
in detail below.

With reference to FIG. 8, in the optical
path leading to the first rectangular prism 9, the
longitudinal direction of the spatial light
modulator 1 is in the Y direction, as indicated by a
double-arrow. In the optical path leading from the

first rectangular prism 9 (reflecting Surface) to
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the second rectangular prism 10, the longitudinal
direction of the spatial light modulator 1 is in the
Z direction.

Finally, in the optical path deflected
and reflected by the second rectangular prism 10,
the longitudinal direction of the spatial light
modulator 1 is in the Z direction.

Thus, the longitudinal direction of the
spatial light modulator 1 is converted from the Y
direction to the Z direction. Because the base
surface of the apparatus is in the X-Z plane as
shown in Figs. and 3, the longitudinal direction of
the projected image becomes parallel to the base
surface, which is assumed to be substantially
horizontal to the plane on which the apparatus 1is
disposed.

FIG. 9 shows a third embodiment of the
invention.

In the present embodiment, cables 11 are
drawn to the top surface side from spatial light
modulators 1 from their shorter sides and connected
to a control substrate 12. Thus, the control
substrate 12 can be disposed parallel to the base

surface easily.



10

15

20

25

WO 2009/041249 PCT/JP2008/066145

31

In this arrangement, because the height
of the apparatus is not constrained by the |
longitudinal or lateral length of the control
substrate 12, the height of the apparatus can be
made shorter than the longitudinal or lateral length
of the control substrate 12.

While polarization beam splitters 13 are
shown employed in the present embodiment, wire grid
polarizers may be used instead. In FIG. 9, numeral
14 indicates a light-composing prism.

FIG. 10 shows a fourth embodiment of the
invention.

With reference to FIG. 10, which shows an
X-7Z plane view, an optical axis L1 of a projection
optical system prior to an optical path deflecting
unit 6, i.e., closer to the épatial light modulator
1, lies in the Z direction. An optical axis L3 of
the projection optical system in a subsequent stage
lies in the X direction due to an optical path
deflecting unit 7. Thus, in this planar viéw, the
optical axis is folded in an L shape.

By placing an illumination optical system
in an area with hatching in FIG. 10, waste of space
in the apparatus as a whole can be reduced, and the

apparatus can be reduced in size. In the present
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embodiment, a conventional illumination optical
system may be employed. As long as the illumination
system includes a light source, an illuminance-
equalizing optical system, and a polarization
conversion element, an improved efficiency of
utilization of illumination light can be achieved.

The illuminance may be equalized by means
of a fly-eye optical system or a rod integrator
element. A condenser lens for adjusting the angle
of diffusion of the illuminating light may also be
used. The light source may comprise a metal halide
lamp or a high-pressure mercury lamp, or it may
comprise a solid-state light source such as a laser
or a light-emitting diode (LED).

in the embodiment shown in FIG. 10, a
wire grid polarizer with excellent polarization
séparation characteristics or a polarization beam
splitter may be used as a polarization separation
plate 24.

While the example shown in FIG. 10
involves a so-called three-plate type in which the
illuminating light is separated ingo the three
colors of RGB by wavelength separating plates 25,
and then each of the colors is shone onto an

individual spatial light modulator, the invention is



10

15

20

25

WO 2009/041249 PCT/JP2008/066145

33

not limited to such an example. In another
embodiment, a single spatial light modulator 1 may
be employed, and an image may be generated using a
color scroll filter in a field-sequential manner,
and still the effects of the present invention can
be obtained.

FIGs. 11A and 11B show a fifth embodiment
of the invention.

As shown in FIGs. 11A and 11B, which are
X-Y plane views, there is some space under the
second group 5B of the first optical system 5 facing
the base surface. 1In this space, there is provided
a movable mechanism 15 for moving the second optical
system 3' in a direction such that the distance
between the second optical system 3' and the first
optical system 5 cén be reduced.

Specifically, the movable mechanism 15
includes a fixed frame 16 fixed to the base surface
in the space under the second group 5B of the first
optical system 5. Movable frames 17 and 18 are
housed within the fixed frame 16 in such a manner as
to be movable toward the second optical system 3'.

A support member 19 for supporting the second
optical system 3' is fixed to the end of the movable

frames 18.
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When the apparatus is not used, i.e.,
when no image is being pfojected, the second optical
system 3' can be positioned closer to the first
optical system 5, as shown in FIG. 11B, whereby the
space occupied by the entire apparatus can be
reduced. |

FIGs. 12A and 12B show a sixth embodiment
of the invention.

As shown in FIGs. 12 and 12B, which are
X-Y plane views, an opening portion 20 and a light-
blocking portion 21 are provided in an optical path
space between the second optical system 3' and the
projection surface 4 such that the light flux passes
through the opening portion 20 after being reflected
by the second optical system 3' and before arri&ing
at the projection surface 4.

The opening portion 20, which may be a
simple hole, is preferably provided by a light
transmissive material. By providing the opening
portion 20, flare light that may reach the
projection screen can be blocked, whereby improved
image quality in terms of, e.g., contrast can be
achieved. Further, it prevents the collection of
dust or foreign matter on the reflecting surface of

the second optical system 3'. If dust or foreign
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matter attaches to the reflecting surface of the
second optical system 3', the quality of the
projected image degrades.

Should dust or foreign manner burn to the
reflecting surface due to the heat of projection
light, a permanent projection image quality
degradation may result. Such possible problems can
be prevented by the opening portion 20.

As shown in FIG. 12B, the opening portion
20 and the light-blocking portions 21 are adapted to
move along with the second optical system 3' so that
they can be stored within the apparatus. In this
way, the size of the apparatus can be further
reduced. A movable unit similar to the movable unit
described with reference to FIG. 11 may be useq for
this purpose.

Although this invention has been
described in detail with reference to certain
embodiments, variations and modifications exist
within the scope and spirit of the invention as
described and defined in the following claims.

The present application is based on the
Japanese Priority Application No. 2007-256283 filed
September 28, 2007, the entire contents of which are

hereby incorporated by reference.
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CLAIMS

1. A projection optical apparatus
comprising:

a spatial light modulator; and

a projection optical system including a
first optical system having a transmissive-
refractive element and a second optical system
having a reflective-refractive element,

wherein an image formed by the spatial
light modulator is projected by the ppojection
optical system on a projection surface,

wherein a light beam that travels along
an optical path that leads from the second optical
system to the projection surface in an optical path
between a center of the image formed by the spatial
light modulator and the projection surface is
projected at an angle with respect to a normal to
the projectioh surface,

wherein, when a vector in the direction
of travel of the light beam is vector A, a projected
component of the vector A that is substantially
parallel to the projection surface is defined as an
up directidn, and a direction opposite to the up

direction is defined as a down direction,
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wherein the optical axis of the first-
optical system is folded by an optical path
deflecting unit in a direction including a vector in
an up or down direction in an area of the first

optical system closer to the spatial light modulator.

2. The projection optical apparatus
according to claim 1, wherein, when a direction
perpendicular to the up or down direction is defined
as a horizontal direction, the optical axis of the
first optical system is folded in a direction
including a vector in the horizontal direction in
addition to the direction includingvthe vector in

the up or down direction.

3. The projection optical apparatus
according to claim 1 or 2, wherein a group of lenses
disposed closer to the spatial light modulator with
reference to the folded position in the first
optical system has a positive composed power,
wherein light fluxes emitted by the group of lenses

do not spread or are substantially parallel.

4. The projection optical apparatus

according to claim 1 or 2, wherein the folded
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position in the first optical system is such that
light fluxes emitted by a group of lenses disposed
closer to the spatial light modulator with reference
to the folded position do not spread or are

substantially parallel.

5. The projection optigal apparatus
according to claim 1, wherein the second optical
system includes a reflective—reffactive element
having a positive power, and wherein an intermediate
image 1is produced between the first optical system

and the second optical system.

6. The projection optical-apparatué
according to claim 5, wherein the reflective-
refractive element having the positive power has the
largest effective diameter in the projection optical

system.

7. The projection optical apparatus
according to claim 6, wherein the folding in the
direction including the vector in the up or down
direction in the first optical system is toward a
lower edge of the reflective-refractive element,

wherein a group of lenses disposed closer to the
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spatial light modulator with reference to the folded
position in the first optical system is disposed in
a space whose lower 1limit is defined by the lower

edge of the reflective-refractive element.

8. The projection optical apparatus
according to claim 1, wherein a group of lenses
disposed closer to the spatial light modulator in
the first optical system has an bptical axis L1, the
optical axis L1 is folded by a first optical path
deflecting unit disposed on the optical axis L1 into
an optical axis L2, and the optical axis L2 is
folded by a second optical path deflecting unit
disposed on the optical axis L2 into an optical axis
1.3, wherein the optical axes L1, L2, and L3 are not

in the same plane in the first optical system.

9. The projection optical apparatus
according to claim 1, wherein the first optical
system includes a focus adjusting mechanism provided
for a group of lenses disposed closer to the second

optical system in the first optical system.
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10. The projection optical apparatus
according to claim 1, wherein the optical path

deflecting unit includes a planar mirror.

11. The projection optical apparatus
according to claim 1, comprising a plurality of the
optical path deflecting units, wherein two of the
optical path deflecting units that are disposed on a
single optical axis are integrally or successively

structured.

12. The projection optical apparatus
according to claim 10, wherein the optical path
deflecting unit comprises a prism including two
optical path deflecting units, wherein a normal to a
deflecting/reflecting surface of one of the optical
path deflecting units and a normal to a
deflecting/reflecting surface of the other of the
optical path deflecting units are perpendicﬁlar to

each other.

13. The projection optical apparatus
according to claim 1, wherein a control substrate
for the spatial light modulator is disposed

substantially parallel to a left or right direction



10

15

20

25

WO 2009/041249 PCT/JP2008/066145

41

of the projection surface and to a plane that
includes the optical axis of a group of lenses
disposed closer to the second optical system in the

first optical system.

14. The projection optical apparatus
according to claim 8, wherein an illumination
optical system is disposed in a spatial region

surrounded by the optical axes L1, L2, and L3.

15. The projection optical apparatus
according to claim 1, wherein the spatial light
modulator is disposed at the same height as or above

a lowest edge of the second optical system.

16. The projection optical apparatus
according to claim 1, comprising a movable mechanism
for supporting the second optical system movably
relative to the first optical system, wherein the
second optical system is movable toward the first
optical system when no image is being projected in

order to reduce a depth of the apparatus.

17. The projection optical apparatus

according to claim 1, wherein an opening portion and
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a light-blocking portion are provided in an optical
path between the second optical system to the
projection surface, wherein, during projection of an
image, reflected light from the second optical
system passes through the opening portion in a

converging manner.
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