
S05P1384WO00 Title of the Invention PROJECTION OPTICAL
SYSTEM AND  PROJECTION-TYPE IMAGE DISPLAY APPARATUS
Technical Field The present invention relates to a new
projection optical  system and a new projection-type
image display apparatus. More  specifically, the
invention relates to a technology that  maintains high
resolution with low distortion, provides a small
depth, and decreases the bottom (or top) of a screen.
Background Art Recently, there is an increasing demand
for rear projection  televisions. The rear projection
television has the feature  of flat television
represented by LCD (Liquid Crystal Display)
direct-view television and PDP (Plasma Display Panel).
Compared to these televisions, the rear projection
television  provides a system that enlarges and
projects an image display  element as large as
approximately one inch. Consequently, the  rear
projection television is available at low costs. The
rear  projection television is relatively easily
compliant with  demands for high image quality of full
HD (high definition) signal  levels represented by BS
(Broadcasting Satellite) digital  broadcasting and
terrestrial digital broadcasting. On the other hand,
the rear projection television is  mounted with a
light source, an illumination optical system,  and a
projection optical system. The rear projection
television 305P1384WO00 uses a large-diameter rear
mirror to project images onto a screen.  FIG. 62 shows
a well-known projection method so that an optical
axis a travels through the center of an image display
element  b and a screen c. According to such method,
it is principally  very difficult to decrease a depth
d and a size e of the bottom  of a display at the same
time. In addition, there is available an optical
system that  



obliquely projects images onto the screen (hereafter
referred  to as oblique projection) so as to enlarge
projected images and  thin the rear projection
television (to decrease the depth). For example, JP-A
No.100312/1993proposes the projection  optical system
that uses a wide-angle lens having a large field
angle. The projection optical system is provided with
an image  display element and a screen shifted from
the projection optical  system's optical axis and uses
the end of the field angle for  oblique projection. As
proposed in JP-A No. 80418/1993, the first projection
optical system intermediately forms image light based
on a light  bulb. The second projection optical system
enlarges and  projects the image on a screen. Optical
axes of the respective  projection optical systems are
appropriately tilted for oblique  projection. A
recently proposed projection optical system uses  a
reflector for oblique projection so as to prevent
chromatic  aberration from occurring in accordance
with tendency toward  wide angles. The projection
optical system shown in domestic  re-publication of
PCT international publication for patent - 2
S05P1384W000 applications WO01/OO629bmainly uses a
refracting optical system  g and an optical system
composed of a convex reflector f to  implement oblique
projection. FIG. 63 outlines the optical  system shown
in domestic re-publication of PCT international
publication for patent applications WO01/006295. JP-A
No. 40326/2002 discloses the projection optical
system having no chromatic aberration using four
reflectors i  (concave), j (convex), k (convex), and 1
(convex) arranged in  order from an image display
panel h (see FIG. 64). The optical systems shown in
these patent gazettes are  rotationally symmetric
about the optical axis and perform oblique  projection
using part of the super-wide angle optical system. 



JP-A No. 255462/2001 proposes the oblique projection
optical system using an off-axial optical system. The
projection optical system uses the off-axial optical
system to  correct trapezoidal distortion. In
addition, the projection  optical system forms an
intermediate image between multiple  reflectors m and
reflector n to limit the reflector size (see  FIG.
65). As shown in domestic re-publication of PCT
international  publication for patent applications
WO01/006295, theprojection  optical system is composed
of combination of the convex reflector  f and the
refracting optical system g. Compared to a
configuration using only the refracting optical
system, the  proposed projection optical system
facilitates removal of the  chromatic aberration and
enlargement of angles. On the contrary,  one reflector
is used for most part of the divergence. The - 3
S05P1384WO00 refractive power needs to be decreased to
some extent so as to  appropriately correct the
distortion and the image surface  aberration. The
projection optical system inevitably tends to  enlarge
the convex reflector f and increase the sag amount.
This  not only makes the manufacture of convex
reflectors difficult,  but also heightens a display
bottomportion (see reference symbol  e in FIG. 62) .
In addition, applying this projection optical  system
to a rear projection television increases the depth
(see  reference symbol d in FIG. 62). The projection
optical system shown in JP-A No. 40326/2002  has no
refracting optical system and principally causes no
chromatic aberration. Since no absorption occurs due
to a lens,  it is possible to provide an optical
system capable of high  brightness. Since only
reflectors are used to configure the  system, however,
the system tends to be very susceptive to the  surface
accuracy and the assembly accuracy of each reflector
and increase manufacturing costs. Since multiple
reflectors  



i through 1 are vertically arranged, the bottom of the
display  (see reference symbol e in FIG. 62)
heightens. Increasing a  projection angle for a lower
profile enlarges the reflectors,  especially the last
reflector 1, making the manufacture of  reflectors
difficult. Applying this projection optical system  to
a rear projection television further enlarges the
bottom of  the display. The projection optical system
described in JP-A No.  255462/2001 uses an
intermediate imaging surface and has an  advantage of
widening the angle and decreasing the reflector.
S05P1384W000 On the contrary, the reflector is
decentered to cause decentering  aberration. The
remaining decentered reflectors are used to  correct
the decentering aberration. At least three reflectors
are needed. Applying this projection optical system to
a rear  projection television still leaves a
difficulty inminiaturizing  the bottom of the display.
Further, the reflectors are not  rotationally
symmetric, but are configured to form a freely  curved
surface. The projection optical system tends to be
very  susceptive to the surface accuracy and the
assembly accuracy,  make the manufacture difficult,
and increase manufacturing  costs. The present
invention has been made in consideration of  the
foregoing. It is therefore an object of the present
invention  to provide a projection optical system that
is appropriate for  maintaining high resolution with
low distortion, miniaturizing  a reflector, decreasing
the number of reflectors, and decreasing  the depth
and the bottom (or top) of a display used for a rear
projection television, for example. Disclosure of the
Invention To solve the above-mentioned problem, a
projection optical  system according to the invention
includes: a first optical  system that forms an
intermediate image of a primary image surface
existing at a reducing side; and a second optical
system having  



a concave reflector that forms a secondary image
surface existing  at an enlarging side according to
the intermediate image. A  light beam travels from the
center of the primary image surface - 5  SO5P1384W000
to the center of the secondary image surface, crosses
an optical  axis of the first optical system, reflects
on the concave  reflector, crosses the optical axis
again, and reaches the  secondary image surface. To
solve the above-mentioned problem, a projection-type
image display apparatus according to the invention
includes:  a light source; modulation means for
modulating and outputting  light radiated from the
light source based on a video signal;  and a
projection optical system for enlarged projection from
a primary image surface toward the modulation means to
a secondary  image surface toward a screen. The
projection optical system  includes: a first optical
system that forms an intermediate  image of the
primary image surface; and a second optical system
having a concave reflector that forms the secondary
image surface  according to the intermediate image. A
light beam travels from  the center of the primary
image surface to the center of the  secondary image
surface, crosses an optical axis of the first  optical
system, reflects on the concave reflector, crosses the
optical axis again, and reaches the secondary image
surface. According to the invention, the light beam
travels from  the center of the primary image surface
to the center of the  secondary image surface and
crosses the optical axis of the first  optical system.
The light beam is then reflected on the concave
reflector, crosses the optical axis again, and reaches
the  secondary image surf ace. Following this light
path, for example,  the second optical system upward
outputs light that is formed  on the secondary image
surface from the approximately - 6  S05P1384W000 



horizontally disposed first optical system. The second
optical  system only needs to converge a slightly
spreading light flux  from a point on the intermediate
image for the first optical  system onto a point on
the secondary image surface. Small optical  parts can
be used to realize the second optical system. Let  us
consider that the projection optical system is used to
construct a projection-type image display apparatus.
In this  case, for example, the second optical system
may upward (or  downward) output light that is formed
on the secondary image  surface from the approximately
horizontally disposed first  optical system. In this
manner, it is possible to greatly  decrease a space
needed for the optical system that is disposed  at the
bottom (or top) of the screen. A projection optical
system according to the invention  is constructed for
enlarged projection from a primary image  surface
existing at a reducing side to a secondary image
surface  existing at an enlarging side and includes: a
first optical  system that forms an intermediate image
of the primary image  surface; and a second optical
system having a concave reflector  that forms the
secondary image surface according to the  intermediate
image. A light beam travels from the center of  the
primary image surface to the center of the secondary
image  surface, crosses an optical axis of the first
optical system,  reflects on the concave reflector,
crosses the optical axis again,  and reaches the
secondary image surface. A projection-type image
display apparatus according to  the invention
includes: a light source; modulation means for - 7
S05P1384W000 modulating and outputting light radiated
from the light source  based on a video signal; and a
projection optical system for  enlarged projection
from a primary image surface toward the  modulation
means to a secondary image surface toward a screen.
The projection optical system includes: a first
optical system  



that forms an intermediate image of the primary image
surface;  and a second optical system having a concave
reflector that forms  the secondary image surface
according to the intermediate image.  A light beam
travels from the center of the primary image surface
to the center of the secondary image surface, crosses
an optical  axis of the first optical system, reflects
on the concave  reflector, crosses the optical axis
again, and reaches the  secondary image surface. In
the projection optical system according to the
invention,  the light beam travels from the center of
the primary image surface  to the center of the
secondary image surface and crosses the  optical axis
of the first optical system. The light beam is  then
reflected on the concave reflector, crosses the
optical  axis again, and reaches the secondary image
surface. Following  this light path, the first optical
system once forms an  intermediate imaging surface.
The concave reflector is  disposed after the
intermediate imaging surface to form an image  on the
secondary image surface again. There is no need for a
large concave reflector. It is possible to provide a
large  display that is appropriately corrected for
aberration and  exhibits sufficient optical
performance. The projection-type image display
apparatus according to - 8  SO5P1384W000 the invention
uses the projection optical system to project an
image formed by the modulation means onto the screen.
Accordingly, the projection-type image display
apparatus can  not only have a low profile and
miniaturize the bottom (or top)  of the screen, but
also display an enlarged image that is  appropriately
corrected for aberration and exhibits sufficient
optical performance. Brief Description of Drawings
FIG. 1, as well as FIGS. 2 through 9, shows a first
embodiment  and outlines a projection optical system
used for a  



projection-type image display apparatus. FIG. 2 is an
enlarged view of the projection optical system.  FIG.
3 shows evaluation points on an image display element.
FIG. 4 is a spot diagram showing light radiated from
the  evaluation points shown in FIG. 3 onto a screen.
FIG. 5 shows distortion on the screen. FIG. 6, as well
as FIGS. 7 through 9, shows a configuration  example
of a rear projection television together with part of
light trajectories and provides a perspective view,
viewed from  the rear of the screen. FIG. 7 is a side
view. FIG. 8 is an enlarged perspective view showing
the  projection optical system. FIG. 9 shows an angle
between the screen and an outmost  light beam in light
flux directed to the screen from a mirror  placed
immediately in front of the screen. - 9  S05P1384W000
FIG. 10, as well as FIGS. 11 through 18, shows a
second  embodiment and outlines a projection optical
system used for  a projection-type image display
apparatus. FIG. 11 is an enlarged view of the
projection optical  system. FIG. 12 shows evaluation
points on an image display  element. FIG. 13 is a spot
diagram showing light radiated from the  evaluation
points shown in FIG. 12 onto a screen. FIG. 14 shows
distortion on the screen. FIG. 15, as well as FIGS. 16
through 18, shows a  configuration example of a rear
projection television together  with part of light
trajectories and provides a perspective view,  viewed
from the rear of the screen. FIG. 16 is a side view.
FIG. 17 is an enlarged perspective view showing the  



projection optical system. FIG. 18 shows an angle
between the screen and an outmost  light beam in light
flux directed to the screen from a mirror  placed
immediately in front of the screen. FIG. 19 shows
correspondence between conditional equation  (1) and
associated portions in the projection optical system
according to the first embodiment. FIG. 20, as well as
FIGS. 21 through 27, shows a third  embodiment and
outlines a projection optical system used for  a
projection-type image display apparatus. FIG. 21 is an
enlarged view of the projection optical - 10
S05P1384W000 system.  FIG. 22 shows evaluation points
on an image display  element. FIG. 23 is a spot
diagram showing light radiated from the  evaluation
points shown in FIG. 22 onto a screen. FIG. 24 shows
distortion on the screen. FIG. 25, as well as FIGS. 26
through 27, shows a  configuration example of a rear
projection television together  with part of light
trajectories and provides a perspective view,  viewed
from the rear of the screen. FIG. 26 is a side view.
FIG. 27 is an enlarged perspective view showing the
projection optical system. FIG. 28, as well as FIGS.
29 through 35, shows a fourth  embodiment and outlines
a projection optical system used for  a
projection-type image display apparatus. FIG. 29 is an
enlarged view of the projection optical  system. FIG.
30 shows evaluation points on an image display
element. FIG. 31 is a spot diagram showing light
radiated from the  



evaluation points shown in FIG. 30 onto a screen. FIG.
32 shows distortion on the screen. FIG. 33, as well as
FIGS. 34 and 35, shows a configuration  example of a
rear projection television together with part of
light trajectories and provides a perspective view,
viewed from  the rear of the screen. - 11
S05P1384W000 FIG. 34 is a side view. FIG. 35 is an
enlarged perspective view showing the  projection
optical system. FIG. 36, as well as FIGS. 37 through
40, shows a fifth  embodiment and outlines a
projection optical system used for  a projection-type
image display apparatus. FIG. 37 is an enlarged view
of the projection optical  system. FIG. 38 shows
evaluation points on an image display  element. FIG.
39 is a spot diagram showing light radiated from the
evaluation points shown in FIG. 38 onto a screen. FIG.
40 shows distortion on the screen. FIG. 41, as well as
FIGS. 42 through 45, shows a sixth  embodiment and
outlines a projection optical system used for  a
projection-type image display apparatus. FIG. 42 is an
enlarged view of the projection optical  system. FIG.
43 shows evaluation points on an image display
element. FIG. 44 is a spot diagram showing light
radiated from the  evaluation points shown in FIG. 43
onto a screen. FIG. 45 shows distortion on the screen.
FIG. 46, as well as FIGS. 47 through 50, shows a
seventh  embodiment and outlines a projection optical
system used for  a projection-type image display
apparatus. 



FIG. 47 is an enlarged view of the projection optical
- 12  S05P1384WO00 system.  FIG. 48 shows evaluation
points on an image display  element. FIG. 49 is a spot
diagram showing light radiated from the  evaluation
points shown in FIG. 48 onto a screen. FIG. 50 shows
distortion on the screen. FIG. 51, as well as FIGS. 52
through 55, shows an eighth  embodiment and outlines a
projection optical system used for  a projection-type
image display apparatus. FIG. 52 is an enlarged view
of the projection optical  system. FIG. 53 shows
evaluation points on an image display  element. FIG.
54 is a spot diagram showing light radiated from the
evaluation points shown in FIG. 53 onto a screen. FIG.
55 shows distortion on the screen. FIG. 56, as well as
FIGS. 57 through 60, show a ninth  embodiment and
outlines a projection optical system used for  a
projection-type image display apparatus. FIG. 57 is an
enlarged view of the projection optical  system. FIG.
58 shows evaluation points on an image display
element. FIG. 59 is a spot diagram showing light
radiated from the  evaluation points shown in FIG. 58
onto a screen. FIG. 60 shows distortion on the screen.
FIG. 61 shows correspondence between conditional
equation - 13  S05P1384W000 (1) and associated
portions in the projection optical system  according
to the fourth embodiment. 



FIG. 62 outlines the general configuration of a
well-known  rear projection television. FIG. 63
outlines the projection optical system shown in
domestic re-publication of PCT international
publication for  patent applications WO01/006295. FIG.
64 outlines the  JP-A No. 40326/2002. FIG. 65 outlines
the  JP-A No. 255462/2001.  FIG. 66 outlines the JP-A
No. 84576/2005. projection optical system shown in
projection optical system shown in  projection optical
system shown in Best Mode for Carrying Out the
Invention The following describes the best mode for
carrying out  the projection optical system and the
projection-type image  display apparatus according to
the invention with reference to  the accompanying
drawings (see FIGS. 19, 21, and 61 for the  projection
optical system and FIGS. 7 and 8 for the
projection-type image display apparatus). The
projection optical system according to the invention
enlarges and projects images from a primary image
surface  existing at a reducing side to a secondary
image surface existing  at an enlarging side. The
projection optical system has a first  optical system
and a second optical system. The first optical  system
has a concave reflector that forms an intermediate
image - 14  S05P1384WO00 of the primary image surface.
The second optical system forms  the secondary image
surface resulting from the intermediate image.  A
light beam travels from the center of the primary
image surface  to the center of the secondary image
surface and crosses an optical  axis. The light beam
is reflected on the concave reflector,  



crosses the optical axis again, and reaches the
secondary image  surface. To summarize the image
formation, the first optical  system forms an
intermediate image of the primary image surface.  The
concave reflector then converges the image to form a
pupil  that is formed as the secondary image surface.
The first optical  system generates an intermediate
image at a low magnification.  The second optical
system enlarges the intermediate image and  forms it
as the secondary image surface at a specified
magnification. The optical system described in
domestic re-publication  of PCT international
publication for patent applications  WO01/006295
provides the convex reflector with an effect of
enlarging images. In this case, decreasing the convex
reflector's curvature vignettes the light beam. The
use of only  one convex reflector cannot increase the
enlargement factor.  Increasing the convex reflector's
curvature makes the aberration  correction difficult
and disables the sufficient optical  performance from
being obtained. To avoid this problem,  multiple
convex reflectors may be used to distribute the power
and decrease the curvature of each convex reflector.
However,  a space large enough to dispose the multiple
convex reflectors  further increases the optical
system size. - 15  SO5P1384W000 When a concave
reflector is used, by contrast, decreasing  the
curvature hardly vignettes a light beam. The convex
reflector or the concave reflector widens the field
angle as  follows depending on whether they are
positioned before or after  the pupil. (A) Between the
pupil position and an image formation  position
(secondary image surface), the convex reflector widens
the field angle. (B) Between an image formation
position (intermediate  image) and the pupil position,
the concave reflector widens the 



field angle. Even when the concave reflector is used,
however, there  may be many optical surfaces between
the pupil position and the  secondary image surface.
In such case, the optical surfaces  must receive the
light beam widened by the concave reflector.  These
optical surfaces enlarge the optical system. For this
reason, the concave reflector needs to be placed to
the side  of the secondary image surface. Accordingly,
the projection  optical system according to the
invention uses a first optical  system to once
generate an intermediate image. The concave  reflector
is subsequently placed to form the image as the
secondary image surface. A concave reflecting mirror
is  appropriately positioned so as to form the pupil
immediately  after the concave reflector. In this
manner, the concave  reflector is prevented from being
enlarged. In the projection optical system according
to the invention,  it is preferable to construct the
first and second optical systems - 16  505P1384W000
whose surfaces are rotationally symmetric about a
common optical  axis. Each constructive surface can be
formed easily compared  to a freely curved surface or
an off-axial surface. It is  possible to reduce
manufacturing costs and increase the surface  accuracy
of each constructive surface. As a result, the
excellent optical performance is easily available.
When only a single-sided concave reflector is used to
construct the second optical system, it is possible to
decrease  the number of components and further save
the space and costs.  A concave or convex reflector
can be placed before and after  the concave reflector
so as to further improve the aberration  correction.
The first optical system is configured to form an
intermediate image toward the primary image surface
rather than  toward the concave reflector of the
second optical system. In  



this manner, it is possible to prevent the concave
reflector  from being enlarged and form a large
secondary image surface  that is appropriately
corrected for aberration and exhibits  sufficient
optical performance. When the first optical system
forms an intermediate image, particular attention
needs to be  paid to a tendency to increase a distance
between the primary  image surface and the
intermediate image. Increasing this  distance also
enlarges the optical system. It is necessary to
decrease the distance between the first optical system
and the  intermediate image. As a target, it is
desirable to satisfy  conditional equation (1) below:
(1) Si/Ls < 2 - 17  S05P1384WO00 where Ls is the
length of the first optical system, and  Si is the
distance between the first optical system and the
intermediate image. When the left-hand side of the
conditional equation (1)  is greater than or equal to
2, the distance between the primary  image surface and
the second optical system becomes long. The  optical
system remains large even when an intermediate plane
mirror is used to shorten the distance. The projection
optical system according to the invention  constructs
a pupil between the concave reflector and the
secondary image surface to efficiently guide a light
path. For  this purpose, conditional equation (2)
below must be satisfied:  (2) S12 > IRI/2 where I R I
/2 is the focal distance of the concave surface,  and
S12 is the distance between the last surface of the
first  optical system and the concave reflector along
the optical axis. When the optical system has a
reflector on the concave  reflector's primary or
secondary image surface, conditional  equation (3)
below must be satisfied: (3) SR12 > IRI/2 



where SR12 is the distance between the concave
reflector  and the preceding or succeeding reflector
along the optical axis.  When the projection optical
system according to the invention is disposed under a
screen that forms the secondary  image surface, a
light beam close to the optical axis reaches  the
bottom of the screen and a light beam distant from the
optical  axis reaches the top thereof. That is, a
light beam close to - 18  S05P1384W000 the optical
axis causes a nearby image formation position. A
light beam distant from the optical axis causes a far
image  formation position. In order to form an image
on the screen  without curving the input signal, the
system needs to be  configured so as to decrease the
concave reflector's paraxial  curvature in accordance
with separation from the optical axis.  That is, it is
necessary to provide a region satisfying conic
constant K <- -1. It is especially desirable to be
approximate  to a paraboloidal surface (K = -1) or a
hyperbolic curve (K <  -1). It is effective for the
projection optical system according  to the invention
to use a rotationally symmetric and aspheric  surface.
In particular, the image surface curvature can be
freely controlled. This makes it possible to decrease
the number  of lenses and reduce an F value (the
number of apertures) The  low-cost and high-quality
projection optical system can be  realized. The
rotationally symmetric and aspheric shape is defined
by equation 1 as follows. [Equation 1] Z =
(h'/r)/(1+.f (1-(1+K)h'/r')]+A4h4+A6h'+A8he+- where Z:
Sag amount of the aspheric surface - 19  S05P1384W000 



h: Vertical height against the optical axis  r:
Paraxial curvature radius K: conic constant, and Ai:
Aspheric coefficient of degree i. It may be effective
for the projection optical system  according to the
invention to use a rotationally symmetric and
aspheric surface containing an aspheric coefficient of
odd-numbered degree. In this case, equation 2 below
defines  the shape of the rotationally symmetric and
aspheric surface.  [Equation 2] Z =
(h'/r)/{1+[(1-(1+K)h'/r')}+Ai h+A2h'+A3h'+A4h'
+A5h'+A6h'-F A7h'+A8h'+A9h'+ As shown in equation 2
above, the aberration of even-numbered degree occurs
due to the term of odd-numbered  degree, i.e.,
distance h from the optical axis. When there is  the
term of h3, for example, the two-dimensional image
surface  curvature or distortion aberration occurs.
When the concave  reflector is provided with an
appropriate aspheric coefficient,  the distortion
aberration can be more appropriately controlled  than
using the aspheric surface according to equation 1
above. The projection-type image display apparatus
according to  the invention includes a light source,
modulation means, and  a projection optical system.
The modulation means modulates  and outputs the light
radiated from the light source based on - 20
S05P1384W000 a video signal. The projection optical
system enlarges and  projects images from the primary
image surface at the modulation  means side to the
secondary image surface at the screen side.  The
projection optical system includes first and second
optical  systems. The first optical system forms an
intermediate image  of the primary image surface. The
second optical system has  a concave reflector that
forms the secondary image surface  composed of the
intermediate image. A light beam travels from  



the center of the primary image surface to the center
of the  secondary image surface, and crosses the
optical axis of the  first optical system. The light
beam is further reflected on  the concave reflector,
crosses the optical axis again, and  reaches the
secondary image surface. The projection-type image
display apparatus according to  the invention uses the
projection optical system according to  the invention
to project an image formed by the modulation means  on
the screen. The projection-type image display
apparatus  according to the invention can not only
have a low profile and  miniaturize the bottom (or
top) of the screen, but also display  an enlarged
image that is appropriately corrected for aberration
and exhibits sufficient optical performance. Let us
consider using a transmissive screen. The screen  is
arranged at the front of a cabinet. The cabinet
includes  the light source, the modulation means, and
the projection  optical system. The projection optical
system enlarges and  projects images onto the
transmissive screen from the rear. In  this manner, it
is possible to construct a rear projection - 21
S05P1384W000 television showing an external view
similar to that of a flat  television using a
low-profile liquid crystal panel or PDP. Further, let
us suppose that the projection optical system  is
provided at the bottom of the cabinet. On the top of
the  cabinet, there maybe provided a plane mirror that
reflects light  output from the projection optical
system and deflects the light  so as to reach the
transmissive screen. In this manner, the
projection-type image display apparatus can be further
slimmed. When the second optical system forms a pupil
for the  intermediate image onto the secondary image
surface, the pupil  maybe formed outside a light flux
traveling from the plane mirror  to the transmissive
screen surface. This increases the freedom  of
directing the light path in the cabinet. In addition,
it  



is possible to provide a shielding unit having an
aperture at  the pupil position where the light flux
is most stopped down  between the second optical
system and the secondary image surface.  This makes it
easy to protect the projection optical system  against
dust and outside light. The light beam travels from
the center of the primary image  surface to the center
of the secondary image surface and crosses  the
optical axis within a vertical plane. It may be
preferable  to provide reflection means that reflects
the light beam between  the first and second optical
systems and deflects the light beam  within a
horizontal plane. Provision of the reflection means
makes it possible to dispose the optical axis of an
optical member  constructing the first optical system
parallel to the screen  surface. Theprojection-
typeimagedisplayapparatusaccording - 22  S05P1384WO00
to the invention can be further miniaturized along the
depth  direction, i.e., can be further slimmed.
According to the projection-type image display
apparatus  described in JP-A No. 84576/2005 (see FIG.
66), plane mirror  q is disposed so that outmost light
p almost parallel reflects  .against screen o. In
addition, projection optical system r is  disposed
opposite plane mirror q (e. g. , at the bottom when
plane  mirror q is positioned to the top) . In this
manner, the depth  is decreased (slimmed) and the
bottom (or top) of screen o is  reduced. According to
the projection-type image display apparatus  described
in JP-A No. 84576/2005, however, plane mirror q is
disposed so that the outmost light beam almost
parallel reflects  against screen o. In addition,
projection optical system r is  disposed opposite
plane mirror q. In this manner, the depth  is slimmed
and the bottom (or top) of the display is reduced.
When an attempt is made to further slim the
projection-type image  display apparatus by keeping
the bottom (or top) of the display  



small, it is necessary to slightly enlarge an angle of
outmost  light beam p against screen o. The projection
optical system  as shown in JP-A No. 84576/2005 uses
many curved-surface  reflectors and therefore
decreases the freedom of bending the  light path. The
depth of the projection optical system cannot  be
decreased. It is difficult to further slim the
projection  optical system. The projection-type image
display apparatus according to  the invention is
provided with at least one plane reflector for - 23
S05P1384WO00 directing the light path after reflected
on the concave reflector.  When the plane reflector is
positioned immediately before the  screen, light beams
are reflected from the plane reflector to  the screen.
Of these light beams, the outmost light beam passes
through a position most distant from the screen. Let
us assume  that the outmost light beam forms angle 0
against the screen.  The projection-type image display
apparatus according to the  invention can be further
slimmed by satisfying conditional  equation (4) 0.6 >
tanO > 0.05. The following describes embodiments and
numeric value  examples of the projection optical
systemand the proj ection-type  image display
apparatus according to the invention in further
detail with reference to the accompanying drawings and
tables.  (First embodiment) FIG. 1 outlines the entire
optical system of a projector  (projection-type image
display apparatus) using the projection  optical
system according to a first embodiment of the
invention.  FIG. 2 shows an enlarged view of the
projection optical system. In the diagram illustrating
the first embodiment, P1  denotes an image display
element as the modulation means. Based  on a video
signal, the image display element P1 modulates the
light emitted from a light source (not shown) to form
the primary  image surface. The image display element
Pl can represent a  



reflective or transmissive dot-matrix liquid crystal
panel, a  digital micro mirror device (DMD) , and the
like. In the diagram,  PP1 denotes a polarizing beam
splitter (PBS), a 4P prism, a TIR  (Total Internal
Reflector) prism, and the like. STOP denotes - 24
S05P1384W000 a diaphragm. While the projector needs an
illumination optical  system to illuminate the image
display element P1, the  illumination optical system
is omitted from FIGS. 1, 2, and the  other diagrams
showing the first embodiment. Lll denotes a first
optical system composed of a refracting  optical
element.. L12 denotes a second optical system composed
of a concave reflector AM1. The projection optical
system is  composed of the first optical system Lil
and the second optical  system L12 and guides the
light (primary image surface)  image-modulated by the
image display element P1 to the screen  Si to form an
image (secondary image surface) on the screen Si.
That is, the first optical systemLil forms an
intermediate image  at position II in FIG. 2. The
image is then reflected on a concave  reflector AM1 of
the second optical system L12 to form a pupil  image
that is then formed on the screen Si. As shown in FIG.
2, the respective optical surfaces of the projection
optical  system are rotationally symmetric about an
optical axis AXIS1.  In FIG. 2, a broken line
indicates an unused and therefore removed  part of the
concave reflector AM1 of the second optical system
L12. Table 1 shows data for numeric value example 1 of
applying  specific numeric values to the projection
optical system  according to the first embodiment. In
the following tables,  surface numbers are provided in
ascending order like 1, 2, 3,  and so on from the
primary image surface (display device) to  the
secondary image surface (projected image surface) . No
surface number is given to the diaphragm. "INF" in the
curvature - 25  



S05P1384WO00 radius row indicates that the
corresponding surface is flat.  The refractive index
and the Abbe number are applicable to the  glass used
for the primary image surface containing the flat
surface and to the e-line (546.1 nm) . The inch size
indicates  the size of a diagonal line contained in
the projected image  surface. "E" represents the
base-10 exponential notation  indicating an aspheric
coefficient. S05P1384W000 [Table 1] Screen diagonal:
52.7 inches  Numeric aperture at the display element
side: 0.204 Surface numberCurvature
radiusIntervalGlass (e-line refractive index/Abbe
number) Display element INF22.100 surface
1INF12.0001.83962/42.8 2. INF27.3001.51872/64.0
3INF6.050 481.826396.3591.48914/70.2 5-1254.737670.300
643.8975411.8311.48914/70.2 7-198.974230.200
843.616352.3031.83930/37.1 925.8180612.0321.48914/70.2
10-131.454391.656 11-61.197111.9471.81184/33.0
1230.6323911.9221.49845/81.2 13-31.421850.200
14-32.450231.7251.81184/33.0
1536.458388.4801.85505/23.6 16-58.8400817.579
DiaphragmINF47.218 



1743.9745410.5531.57125/55.8 18-1904.7219212.159
19Aspheric -1403.579527.0001.49357/57.8 surface
20Aspheric 135.843250.300 surface
2132.7851412.5081.58913/61.3 2244.757999.839
23-56.045142.0331.83930/37.1 2443.9199822.513
25-49.883099.3441.49357/57.8 26Aspheric
-40.64674320.000 surface 27Aspheric
-85.89587-439.276Reflector surface Projected image INF
surface K2679  3838430 S19. A41.27105E-05A6
1.10518E-08 A8 I-4.79662E-12 K-65  0537440 S20.
A4-1.04155E-05A6 9.26604E-09 AS-5.80805E-12 K-1  



1618060 S26. A41.08919E-06A6 -9.68945E-10
A86.42182E-13 K-2.6454840
S27A4-1.17532E-07A66.31776E-12AS-2.93186E-16A10 I
8.80773E-21 A12-1.55073E-25A141.18177E-30 - 27
S05P1384W000 According to numeric value example 1, the
image display  element Pl has an aspect ratio of 16:9,
contains 1920xl080 pixels,  and sizes to 0.61 inches.
The image display element Pl is  enlarged to 52.7
inches for projection. The numeric aperture  toward an
object is 0.204 (equivalent to F number 2.5) . The
pixel size is approximately 7 m on the image display
element  P1 and approximately 0.608 mm on the screen
Si. FIG. 4 shows a spot diagram for the projection
optical  system according to numeric value example 1.
FIG. 5 shows  distortion. Field angles (1) through
(15) shown in the spot  diagram are respectively
generated from positions (1) through  (15) on the
image display element Pl shown in FIG. 3. Reference
wavelengths are 656.28 nm, 620.0 rim, 546.07 nm, 460.0
nm, and  435.84 nm and are given weights 2, 2, 3, 2,
1, respectively.  The scale for FIG. 4 is twice as
large as one pixel on the screen  Si. As shown in FIG.
4, the sufficient image formation capability  results.
As shown in FIG. 5, no remarkable image distortion  is
found and the sufficient capability results. To
dispose the projection optical system according to
numeric value example 1 inside the cabinet CAB1 of the
rear  projection television, the projection optical
system needs to  be compacted by folding the light
path on plane mirrors MM11,  MM12, and MM13 as shown
in FIGS. 6 and 7. FIGS. 6 and 7 show  constructions of
elaborately folding the light path by disposing  the
plane mirror MM13 between the projection optical
system and  the screen S1 and the plane mirrors MM11
and MM12 between the  



first optical system Lll and the second optical system
L12. The - 28  S05P1384WO00 light beam travels from
the center of the primary image surface  to the center
of the secondary image surface and crosses the
optical axis within a vertical plane. In this case,
the plane  mirrors MM11 and MM12 reflect the light
beam between the first  optical system and the concave
reflector AM1 for the second  optical system and
deflect the light beam within a horizontal  plane.
When the projection optical system is disposed at the
bottom of the cabinet, for example, the plane mirror
MM13 is  disposed at the top of the cabinet CAB1,
reflects the light output  from the projection optical
system, and deflects the light so  as to reach the
screen S1. FIG. 7 is a side view. As shown in FIG. 9,
the plane mirror  MM13 is used to fold the light path
so that the outmost light  beam forms angle 9 of
approximately 8. 4 degrees against the screen.  In
this manner, the apparatus thickness can be 200 mm or
less  and the display bottom portion can be small.
FIG. 8 partially enlarges the projection optical
system  in FIGS. 6 and 7. The projection-type image
display apparatus according to  the first embodiment
is compacted by folding the light path using  the
plane mirrors MM11, MM12, and MM13. The invention is
not  limited to the above-mentioned method of folding
the light path.  For example, it may be preferable to
dispose a plane mirror in  the first optical system
Lll. Further, another plane mirror  can be disposed
between the plane mirror MM13 and the concave
reflector AM1. The second optical system L12 forms a
pupil AP1 (i.e., - 29  S05P1384W000 a portion where
the light flux is converged) that forms an
intermediate image for the first optical system Lil on
the screen  



Si. The pupil AP1 is formed outside the light flux
from the  plane mirror MM13 to the entire surface of
the screen Si. When  the projection optical system is
disposed in this manner, it  is possible to provide a
shielding box PB between a light flux  directed from
the second optical system L12 to the plane mirror
MM13 and a light flux directed from the plane mirror
MM13 to  the entire surface of the screen Sl so that
the light flux directed  to the screen Si passes
through an approximately minimum aperture  T01. The
shielding box PBl can protect the projection optical
system (i.e., the first optical systemLll and the
second optical  system L12) against dust without
blocking off the proj ected video  light. Further, the
shielding box PB1 blocks off outside light  entering
into the cabinet from the screen Si. For example, the
shielding box PB1 can prevent the outside light from
being  reflected on the concave reflector AM1 or the
like of the second  optical system L12 to become stray
light and degrade the contrast  of the video projected
on the screen Si. (Second embodiment) FIG. 10 outlines
the entire optical system of a projector
(projection-type image display apparatus) using the
projection  optical system according to a second
embodiment of the invention.  FIG. 11 shows an
enlarged view of the projection optical system. In the
diagram illustrating the second embodiment, P2
denotes an image display element as the modulation
means. Based  on a video signal, the image display
element P2 modulates the - 30  S05P1384WO00 light
emitted from a light source (not shown) to form the
primary  image surface. The image display element P2
can represent a  reflective or transmissive dot-matrix
liquid crystal panel, a  digital micro mirror device
(DMD) , and the like. In the diagram,  PP2 denotes a
polarizing beam splitter (PBS) , a 4P prism, a TIR
(Total Internal Reflector) prism, and the like. STOP
denotes  a diaphragm. While the projector needs an
illumination optical  



system to illuminate the image display element P2, the
illumination optical system is omitted from FIGS. 10,
11, and  the other diagrams showing the second
embodiment. L21 denotes a first optical system
composed of a refracting  optical element. L22 denotes
a second optical system composed  of a concave
reflector AM2. The projection optical system is
composed of the first optical system L21 and the
second optical  system L22 and guides the light
(primary image surface)  image-modulated by the image
display element P2 to the screen  S2 to form an image
(secondary image surface) on the screen S2.  That is,
the first optical system L21 forms an intermediate
image  at position II in FIGS. 10 and 11. The image is
then reflected  on a reflector AM2 of the second
optical system L22 to form a  pupil image that is then
formed on the screen S2. As shown in  FIG. 11, the
respective optical surfaces of the projection  optical
system are rotationally symmetric about an optical
axis  AXIS2. In FIG. 11, a broken line indicates an
unused and  therefore removed part of the concave
reflector AM2 of the second  optical system L22. Table
2 shows data for numeric value example 2 of applying -
31  S05P1384W000 specific numeric values to the
projection optical system  according to the second
embodiment. [Table 2] Screen diagonal: Numeric
aperture at the display element side: 67.9 inches
0.204 Surface numberCurvature radiusIntervalGlass
(e-line refractive index/Abbe number) Display element
INF22.100 surface 



1INF12.0001.83962/42.8 2INF27.3001.51872/64.0
3INF6.050 448.0264612.5791.48914/70.2 5-149.378200.300
6470.903474.8691.48914/70.2 7-141.590992.024
851.426108.4291.49845/81.2 9-121.512921.377
10-70.775242.1581.81184/33.0
1131.3688612.9701.49845/81.2 12-34.280970.200
13-34.245471.8721.81184/33.0
1439.692788.7241.85505/23.6 15-67.6594122.810
DiaphragmINF47.690 1641.9211211.9661.48914/70.2
17-287.769557.924 18Aspheric
1611.330877.0001.49357/57.8 surface 19Aspheric
118.540470.300 surface 2032.6019714.0001.48914/70.2
2141.3798610.096 22-50.403232.0051.77621/49.4
2344.9447620.707 24-52.5133210.0001.49357/57.8
25Aspheric -42.31242325.000 surface 26Aspheric
-87.00193-547.789Reflector 



surface Projected image INF0.000 surface S05P1384W000
K-51177  61327 S18. A4-1.27130E-05A6 9.95420E-09
A83.65754E-12 K-69  92292 S19. A4-9.59429E-06A6
7.57585E-09 A8J-3.71822E-12 K-1  018512 S25.
A4-8.25367E-07A6 -1.07783E-09 A85.13364E-13 K-2.619353
S26A41.08108E-07A65.56005E-12As-2.48459E-16A10
7.20728E-21 A12-1.22716E-25A149.07427E-31 The image
display element P2 has an aspect ratio of 16:9,
contains 1920x1080 pixels, and sizes to 0.61 inches.
The image  display element P2 is enlarged to 67.9
inches for projection.  The numeric aperture toward an
object is 0.204 (equivalent to  F number 2. 5) . The
pixel size is approximately 7 m on the image  display
element P2 and approximately 0.783 mm on the screen
S2. FIG. 13 shows a spot diagram according to numeric
value  example 2. FIG. 14 shows distortion. Field
angles (1) through  (15) shown in the spot diagram are
respectively generated from  positions (1) through
(15) on the image display element P2 shown  in FIG.
12. Reference wavelengths are 656.28 rim, 620. 0 nm,
546.07  



nm, 460.0 nm, and 435.84 nm and are given weights 2,
2, 3, 2,  1, respectively. The scale for FIG. 13 is
twice as large as  one pixel on the screen S2. As
shown in FIG. 13, the sufficient  image formation
capability results. As shown in FIG. 14, no
remarkable image distortion is found and the
sufficient  capability results. To dispose the
projection optical system according to  numeric value
example 2 inside the cabinet CAB2 of the rear
projection television, the projection optical system
needs to  be compacted by folding the light path on
plane mirrors MM21, - 33  S05P1384WO00 MM22, and MM23
as shown in FIGS. 15 and 16. FIGS. 15 and 16  show
constructions of elaborately folding the light path by
disposing the plane mirror MM23 between the projection
optical  system and the screen S2 and the plane
mirrors MM21 and MM22  between the first optical
system L21 and the second optical system  L22. FIG. 16
is a side view. As shown in FIG. 18, the plane  mirror
MM23 is used to fold the light path so that the
outmost  light beam forms angle 0 of approximately 9.8
degrees against  the screen. In this manner, the
apparatus thickness can be 250  mm or less and the
display bottom portion can be small. Angle  0 formed
between the outmost light beam and the screen
preferably  ranges between 2. 9 and 31. 0 degrees
equivalent to tan 0 ranging  between 0.05 and 0.6.
FIG. 17 partially enlarges the projection optical
system  in FIGS. 15 and 16. The projection-type image
display apparatus according to  the second embodiment
is compacted by folding the light path  using the
plane mirrors MM21, MM22, and MM23. The invention  is
not limited to the above-mentioned method of folding
the light  path. For example, it maybe preferable to
dispose a plane mirror  in the first optical system
L21. Further, another plane mirror  



can be disposed between the plane mirror MM23 and the
concave  reflector AM2. Obviously, the second
embodiment can also use the shielding  means as
described in the first embodiment. A pupil according
to the second optical systemL22 is positioned outside
the outmost - 34  S05P1384W000 light beam of a light
flux traveling from the plane mirror MM23  to the
screen S2. There is no interference between the light
flux traveling from the projection optical system to
the plane  mirror MM23 and the light flux traveling
from the plane mirror  MM23 to the screen S2. In
addition, the light flux is converged  on the pupil.
Table 3 lists corresponding values for conditional
equations (1) and (2) according to numeric value
examples 1 and 2. m  (U   ccL L LL LL CC M  NNU1 N
(0(6 EEE 0O NNi6  
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cN_ qCo o . ( S05P1384WO00 Table 3 shows that both
numeric value examples 1 and 2  satisfy conditional
equations (1) and (2). FIG. 19 shows intermediate
image positions for the first  optical system L11
according to the above-mentioned embodiment  1. In
FIG. 19, Sil, Si2, and Si3 denote distances between
the  first optical system Lll and intermediate image
positions  corresponding to the lowest, meddle, and
highest field angles  on the screen, respectively. The
positions correspond to points  (1), (7), and (13) in
FIG. 3. The distances are Sil t 185 mm,  Si2 ~ 102 mm,
and Si3 z 38 mm. Length Ls of the first optical
system Lil is 210 mm and satisfies conditional
equation (1).  



Both numeric value examples 1 and 2 satisfy
conditional equation  (2) (see Table 3). (Third
embodiment) FIG. 20 outlines the entire optical system
of a projector  (projection-type image display
apparatus) using the projection  optical system
according to a third embodiment of the invention.
FIG. 21 shows an enlarged view of the projection
optical system. In the diagram illustrating the third
embodiment, P3  denotes an image display element as
the modulation means. Based  on a video signal, the
image display element P3 modulates the  light emitted
from a light source (not shown) to form the primary
image surface. The image display element P3 can
represent a  reflective or transmissive dot-matrix
liquid crystal panel, a  digital micro mirror device
(DMD) , and the like. In the diagram,  PP3 denotes a
polarizing beam splitter (PBS), a dichroic prism,  a
TIR (Total Internal Reflector) prism, and the like.
STOP 37 S05P1384WO00 denotes a diaphragm. While the
projector needs an illumination  optical system to
illuminate the image display element P3, the
illumination optical system is omitted from FIGS. 20,
21, and  the other diagrams showing the third
embodiment. L31 denotes a first optical system
composed of a refracting  optical element. L32 denotes
a second optical system composed  of reflectors R31
and R32. In this case, R31 denotes a convex  reflector
toward the primary image surface and R32 denotes a
concave reflector AM1 in the order of a light beam
path from  the image display element P3. The
projection optical system  is composed of the first
optical system L31 and the second optical  system L32
and guides the light (primary image surface)
image-modulated by the image display element P3 to the
screen  S3 to form an image (secondary image surface)
on the screen S3.  That is, the first optical system
L31 forms an intermediate image  at position II in
FIGS. 20 and 21. The image is then reflected  



on reflectors R31 and R32 of the second optical system
L32 to  form a pupil image that is then formed on the
screen S3. As  shown in FIG. 21, the respective
optical surfaces of the  projection optical system are
rotationally symmetric about an  optical axis AXIS3.
In FIG. 21, a broken line indicates an unused  and
therefore removed part of the reflectors R31 and R32
of the  second optical system L32. Table 4 shows data
for numeric value example 3 of applying  specific
numeric values to the projection optical system
according to the third embodiment. 38 305P1384W000
[Table 4] F number  Inch size F/3.0  73.1" Curvature
radiusIntervalGlass (e-line refractive index/Abbe
number) Display element INF1.400 surface 1INF20.700
2INF12.0001.83962/42.8 3INF27.3001.51872/64.0
4INF6.050 554.3348612.2941.49845/81.2 6-89.631522.549
744.872699.1941.49845181.2 8-106.888654.469
9-49.154931.7831.81184/33.0 1034.576152.987
1139.1691110.7191.49845/81.2 12-32.740382.658 



13-33.889821.5811.81184/33.0 14-204.177057.015
15-1450.768185.1461.85505/23.6 16-47.2802311.550 Dia
hra mINF26.546 17-30.016281.8001.83962/42.8
18-40.2550927.966 1946.3808614.8981.59142/61.0
20-231.4198812:849 21-91.964422.5631.81263/25.3
22-566.883780.300 2341.5244810.0301.67340/46.9
2462.014319.000 25-70.568146.8511.80831/46.3
2646.5936114.827 27-54.4343612.4141.81081/40.5
28-47.66710171.972
29surface1.01174E-05-149.000Reflector (first mirror)
30Aspheric 67.52094485.861Reflector (second mirror)
surface Projected image INF surface Aspheric
coefficient for  surface 29 K-28531.19104
A4-0.337498E-08A6 0.665793E-11A8 -0.831931E-15A10
0.510008E-19 A12-0.158764E-23A14 0.200226E-28 Aspheric
coefficient for  surface 30 K-2.694135 



A40.170688E-06A6 -0.116784E-10A8 0.647442E-15A10
-0.199351E-19 A120.298396E-24A14 -0.873758E-30 39
S05P1384WO00 According to numeric value example 3, the
image display  element P3 has an aspect ratio of 16:9,
contains 1920xlO80 pixels,  and sizes to 0.61 inches.
The image display element P3 is  enlarged to 73.1
inches for projection. The F number is 3. The  pixel
size is approximately 7 m on the image display element
P3 and approximately 0.845 mm on the screen S3. FIG.
23 shows a spot diagram for the projection optical
system according to numeric value example 3. FIG. 24
shows  distortion. Field angles (1) through (15) shown
in the spot  diagram are respectively generated from
positions (1) through  (15) on the image display
element P3 shown in FIG. 22. Reference  wavelengths
are 656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0
nm, and 435.84 nm. The scale for FIG. 23 is twice as
large as  one pixel on the screen S3. As shown in FIG.
23, the sufficient  image formation capability
results. As shown in FIG. 24, no  remarkable image
distortion is found and the sufficient  capability
results. To dispose the projection optical system
according to  numeric value example 3 inside the
cabinet of the rear projection  television, the
projection optical system needs to be compacted  by
folding the light path on plane mirrors MM31 and MM32
as shown  in FIGS. 25 and 26. FIGS. 25 and 26 show
constructions of  elaborately folding the light path
by disposing the plane mirror  MM32 between the
projection optical system and the screen S3  and the
plane mirror MM31 between the first optical system L31
and the second optical system L32. The light beam
travels from  the center of the primary image surface
to the center of the 40 S05P1384WO00 secondary image
surface and crosses the optical axis within a  



vertical plane. In this case, the plane mirror MM31
reflects  the light beam between the first optical
system and the concave  reflector for the second
optical system and deflects the light  beam within a
horizontal plane. When the projection optical  system
is disposed at the bottom of the cabinet, for example,
the plane mirror MM32 is disposed at the top of the
cabinet,  reflects the light output from the
projection optical system,  and deflects the light so
as to reach the screen S3. FIG. 27 partially enlarges
the projection optical system  in FIGS. 25 and 26. The
projection-type image display apparatus according to
the third embodiment is compacted by folding the light
path using  the plane mirrors MM31 and MM32. The
invention is not limited  to the above-mentioned
method of folding the light path. For  example, it may
be preferable to dispose a plane mirror in the  first
optical system L31. Further, another plane mirror may
be disposed between the plane mirror MM32 and the
concave  reflector R32. FIG. 26 is a side view. In
this manner, the plane mirrors  M31 and M32 fold the
light path. When the screen size is 73.1  inches with
aspect ratio of 16:9, apparatus thickness (depth)  Dx
defined for only the optical system becomes smaller
than or  equal to 250 mm. When dimension Hx is assumed
to be a height  between the screen bottom and the
lowest part of the second optical  system L32, Hx
becomes smaller than or equal to 50 mm. The display
bottom portion can be made small. Further, we found
the following 41 S05P1384WO00 as a result of examining
the apparatus thickness and the dimension  of the
display bottom portion with respect to various screen
sizes. When the screen size ranges from 46 to 73
inches with  aspect ratio of 16:9, the apparatus
thickness defined for only  the optical system can
become smaller than or equal to 250 mm.  The height
between the screen bottom and the lowest part of the  



second optical system L32 can be smaller than or equal
to 50  mm. An actual. apparatus may include this
optical system and  may be provided with mechanical
parts such as a mirror and a  cabinet. In such case,
the apparatus can realize actual outside  dimensions
including the thickness of 300 mm or less and the
display bottom portion (the height between the screen
bottom  and the lowest part of the projection optical
system) of 100  mm or less. The secondoptical
systemL32 forms apupil (i.e., aportion  where the
light flux is converged) that forms an intermediate
image for the first optical system L31 on the screen
S3. The  pupil is formed outside the light flux from
the plane mirror  M32 to the entire plane of the
screen S3. When the projection  optical system is
disposed in this manner, it is possible to  provide a
shielding member (not shown, see FIG. 7) such as a
shielding box between a light flux directed from the
second  optical systemL32 to the planemirrorM32 and
alight flux directed  from the plane mirror M32 to the
entire surface of the screen  S3. The shielding member
is provided with an approximately  minimum light
transmission aperture that allows the light flux
directed to the screen S3 to pass through. The
shielding member 42 S05P1384WO00 can protect the
projection optical system (i.e., the first  optical
system L31 and the second optical system L32) against
dust without blocking off the projected video light.
Further,  the shielding member blocks off outside
light entering into the  cabinet from the screen S3.
For example, the shielding member  can prevent the
outside light from being reflected on the concave
reflector or the like of the second optical system to
become  stray light and degrade the contrast of the
video projected on  the screen S3. The above-mentioned
shield effect of the  shielding member can be also
applied to a fourth embodiment.  A similar effect can
be applied to projection-type image display  



apparatuses using projection optical systems according
to the fifth to ninth embodiments.  (Fourth
embodiment) FIG. 28 outlines the entire optical system
of a projector  (projection-type image display
apparatus) using the projection  optical system
according to a fourth embodiment of the invention.
FIG. 29 shows an enlarged view of the projection
optical system. In the diagram illustrating the fourth
embodiment, P4  denotes an image display element. A
primary image surface is  formed on the image display
element P4. The image display element  P4 can
represent a digital micro mirror device (DMD). STOP
denotes a diaphragm. While the projector needs an
illumination  optical system to illuminate the image
display element P4, the  illumination optical system
is omitted from FIGS. 28, 29, and  the other diagrams
showing the fourth embodiment. L41 denotes a first
optical system composed of a refracting 43
S05P1384WO00 optical element. L42 denotes a second
optical system composed  of reflectors R41 and R42.
The projection optical system is  composed of the
first optical system L42 and the second optical
system L42 and guides the light (primary image
surface)  image-modulated by the image display element
P4 to the screen  S4 to form an image (secondary image
surface). on.the screen S4.  The first optical system
L41 forms an intermediate image at  position II in
FIGS. 28 and 29. The image is then reflected  on
reflectors R41 and R42 to form a pupil image that is
then  formed on the screen S4. As shown in FIG. 29,
the respective  optical surfaces of the projection
optical system are  rotationally symmetric about an
optical axis AXIS4. In FIG.  29, a broken line
indicates an unused and therefore removed part  of the
reflectors R41 and R42 of the second optical system
L42. Table 5 shows data for numeric value example 4 of
applying  specific numeric values to the projection
optical system  



according to the fourth embodiment. 44 S05P1384WO00
[Table 5] F number  Inch size F/3.0  50" Curvature
radiusIntervalGlass (e-line refractive index/Abbe
number) Display element INF54 surface
DiaphragmINF2.000 1-52.658085.8071.67000/47.97
2-23.187660.937 3-20.508063.0001.63003/35.48
4-36.355090.100 560 8.0531.49845/81.20 0 6496 60.100
73.0001.51978/51.85 80.249 93.3411.76167/27.31 100.576
118.8171.49845/81.20 12j1.122 1312.0001.52033/58.69
1426.181 1514.2141.62286/60.10 160.500
17-84.271868.9111.67764/31.92 184858 



19-81214115321.69416/30.92 20580
2192.2611313.9911.76167/27.31 22-51.226380.100
23-60.902203.0001.52033/58.69 2447.28213183.365
25Aspheric 100.00000-140.000Reflector (first mirror)
surface 26Aspheric 69.81598368.158Reflector (second
mirror) surface Projected image INF surface Aspheric
coefficient for  surface 25 K A4 -3.53735e+006
-2.02633e-009 A6 I.58657e-012 A8 -8.56678e-017 A10
1.46304e-021 Aspheric coefficient for  surface 26 K
I-2.34164e+000 A4 I1.07990e-007 IA6 -3 97824e-012 IA8
1 26325e-016A10 -1 14881e-021 45 S05P1384WO00 A DMD is
used as the image display element P4 that has  an
aspect ratio of 16:9, contains 1280x768 pixels, and
sizes  to 0.7 inches. The image display element P4 is
enlarged to 50  



inches for projection on the screen S4. The F number
is 3. The  pixel size is approximately 12 m on the
image display element  P4 and approximately 0.86 mm on
the screen. A diaphragm STOP  is provided between the
image display element P4 and the  projection optical
system. ON light is reflected on the image  display
element P4, passes through the diaphragm STOP and the
projection optical system, and then reaches the screen
S4. The  diaphragm STOP interrupts OFF light. The ON
light passes through  the diaphragm STOP and enters
the refracting optical system L41  to form an
intermediate image at the position II in FIGS. 28  and
10. The ON light is then reflected on the reflectors
R41  and R42 to form a pupil image on the screen. FIG.
31 shows a spot diagram for the projection optical
system according to numeric value example 4. FIG. 32
shows  distortion. Field angles (1) through (15) shown
in the spot  diagram are respectively generated from
positions (1) through  (15) on the image display
element P4 shown in FIG. 30. Reference  wavelengths
are 656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0
nm, and 435.84 nm. The scale for FIG. 31 is twice as
large as  one pixel on the screen. As shown in FIG.
31, the sufficient  image formation capability
results. As shown in FIG. 32, no  remarkable image
distortion is found and the sufficient  capability
results. To dispose the projection optical system
according to 46 S05P1384W000 numeric value example 4
inside the cabinet of the rear projection  television,
the projection optical system needs to be compacted
by folding the light path on plane mirrors M41 and M42
as shown  in FIGS. 33 and 34. FIGS. 33 and 34 show
constructions of  elaborately folding the light path
by disposing the plane mirror  M42 between the
projection optical system and the screen S4 and  the
plane mirror M41 between the first optical system L41
and  the second optical system L42. FIG. 34 is a side
view. Since  



the plane mirrors M41 and M42 are used to fold the
light path  in this manner, the apparatus thickness
can be 250 mm or less  and the display bottom portion
can be small. FIG. 35 partially  enlarges the
projection optical system in FIGS. 33 and 34. The
projection-type image display apparatus according to
the fourth  embodiment is compacted by folding the
light path using the plane  mirrors M41 and M42. The
invention is not limited to the  above-mentioned
method of folding the light path. For example,  it
maybe preferable to dispose a plane mirror in the
first optical  system L41. Further, another plane
mirror can be disposed  between the plane mirror M42
and the concave reflector R42.  (Fifth embodiment)
FIG. 36 outlines the entire optical system of a
projector  (projection-type image display apparatus)
using the projection  optical system according to a
fifth embodiment of the invention.  FIG. 37 shows an
enlarged view of the projection optical system. In the
diagram illustrating the fifth embodiment, P5  denotes
an image display element. The image display element
P5 forms the primary image surface. The image display
element 47 S05P1384W000 P5 can represent a reflective
dot-matrix liquid crystal panel,  a digital micro
mirror device (DMD) , and the like. In the diagram,
PP5 denotes a polarizing beam splitter (PBS) , a
dichroic prism,  a TIR (Total Internal Reflector)
prism, and the like. STOP  denotes a diaphragm. While
the projector needs an illumination  optical system to
illuminate the image display element P5, the
illumination optical system is omitted from FIGS. 36
and 37. L51 denotes a first optical system composed of
a refracting  optical element. L52 denotes a second
optical system composed  of reflectors R51 and R52.
The projection optical system is  composed of the
first optical system L51 and the second optical
system L52 and guides the light (primary image
surface)  image-modulated by the image display element
P5 to the screen  



S5 to form an image (secondary image surface) on the
screen S5.  The first optical system L51 forms an
intermediate image at  position II in FIGS. 36 and 37.
The image is then reflected  on reflectors R51 and R52
to form a pupil image that is then  formed on the
screen S5. As shown in FIG. 37, the respective
optical surfaces of the projection optical system are
rotationally symmetric about an optical axis AXIS5. In
FIG.  37, a broken line indicates an unused and
therefore removed part  of the reflectors R51 and R52
of the second optical system L52. Table 6 shows data
for numeric value example 5 of applying  specific
numeric values to the projection optical system
according to the fifth embodiment. 48 S05P1384WO00
[Table 6] Fnumber F/3.0  Inch size 55.8"  Curvature
radiusIntervalGlass (e-line refractive index/Abbe
number) Display element INF1.400 surface 1INF20.700
2INF12.0001.83962/42.8 3INF27.3001.51872/64.0
4INF6.050 550.0133512.3001.49845/81.2 6-102.485373.027
769.665888.0001.49845/81.2 8-102.392504.516
9-49.229531.8101.81184/33.0 1057.858791.068 



1136.5918010.0251.49845/81.2 12-44.148265.030
13-35.100911.5101.81184/33.0 14-109.4315810.879
15125.644564.2591.85505/23.6 16-92.165906.182
Diaphragm .,.INF17.304 17-25.904021.8001.83962/42.8
18-35.0678443.616 19Aspheric
surface59.621945.0001.51131/56.4 20Aspheric
surface61.516961.000 2151.8954315.2001.59142/61.0
22-573.871623.000 23163.599455.1171.81263/25.3
2472.872380.300 2538.5605913.0001.67340/46.9
2646.2491113.439 27-77.704002.4701.80831/46.3
2850.5793115.590 29-62.195327.9551.81081/40.5
30-49.34022171.604 31Aspheric
surface1.01174E-05-149.000Reflector first mirror,
32Aspheric surface.72.72183387.172Reflector second
mirror) Projected image INF surface 49 S05P1384W000 As
ericcoefdentiorsurface19 K-1.420362 A4-0.131048E-04A6
0.526113E-08AS 0.345041E-12A10 0.611802E-16  As
icaodidentforsurface20 K-6.286742 



A4-0.104735E-04A6 0.572168E-08AS -0.880556E-12A10
0.356875E-15  As ericooefidentforsurfae31
K-2.8531.1910a A4-0.523359E-07A6 0.157209E-10AS
-0.172128E-14A10 0.101543E-18 A12-0.309504E-23A14
0.381546E-28 1 As ericmefdentforsurface32 K-2.417695
A40.116220E-06A6 -0.588887E-11A8 0.248721E-15A10
-0.212607E-20 A12-0.170341E-24A14 0.475557E-29
According to numeric value example 5, the image
display  element P5 has an aspect ratio of 16:9,
contains 1920xlO80 pixels,  and sizes to 0.61 inches.
The image display element P5 is  enlarged to 55.8
inches for projection. The F number is 3.0.  The pixel
size is approximately 7 m on the image display element
PS and approximately 0.64 mm on the screen S5. FIG. 39
shows a spot diagram for the projection optical
system according to numeric value example 5. FIG. 40
shows  distortion. Field angles (1) through (15) shown
in the spot  diagram are respectively generated from
positions (1) through  (15) on the image display
element P5 shown in FIG. 38. Reference  wavelengths
are 656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0
nm, and 435.84 nm. The scale for FIG. 39 is twice as
large as  one pixel on the screen S5. As shown in FIG.
39, the sufficient  image formation capability
results. As shown in FIG. 40, no  remarkable image
distortion is found and the sufficient  capability
results. 50 S05P1384WO00 When the projection optical
system according to the fifth  embodiment is applied
to a projector (projection-type image  display
apparatus), the projection optical system can be
slimed  by disposing plane mirrors at appropriate
positions similarly  to the above-mentioned first and
fourth embodiments. 



(Sixth embodiment) _, FIG. 41 outlines the entire
optical system of a projector  (projection-type image
display apparatus) using the projection  optical
system according to a sixth embodiment of the
invention.  FIG. 42 shows an enlarged view of the
projection optical system. In the diagram illustrating
the sixth embodiment, P6  denotes an image display
element. The image display element  P6 forms the
primary image surface. The image display element  P6
can represent a reflective dot-matrix liquid crystal
panel,  a digital micro mirror device (DMD) , and the
like. In the diagram,  PP6 denotes a polarizing beam
splitter (PBS), a dichroic prism,  a TIR (Total
Internal Reflector) prism, and the like. STOP  denotes
a diaphragm. While the projector needs an illumination
optical system to illuminate the image display element
P6, the  illumination optical system is omitted from
FIGS. 41 and 42. L61 denotes a first optical system
composed of a refracting  optical element. L62 denotes
a second optical system composed  of reflectors RR61
and RR62. The projection optical system is  composed
of the first optical system L61 and the second optical
system L62 and guides the light (primary image
surface)  image-modulated by the image display element
P6 to the screen  S6 to form an image (secondary image
surface) on the screen S6. 51 S05P1384W000 The first
optical system L61 forms an intermediate image at
position II in FIGS. 41 and 42. The image is then
reflected  on reflectors RR61 and RR62 to form a pupil
image that is then  formed on the screen S6. In this
case, RR61 denotes a concave  reflector and RR62
denotes a convex reflector toward the  secondary image
surface in the order of a light beam path from  the
image display element P6. As shown in FIG. 42, the
respective  optical surfaces of the projection optical
system are  rotationally symmetric about an optical
axis AXIS6. In FIG.  42, a broken line indicates an
unused and therefore removed part  



of the reflectors RR61 and RR62 of the second optical
system  L62. Table 7 shows data for numeric value
example 6 of applying  specific numeric values to the
projection optical system  according to the sixth
embodiment. 52 SO5P1384W000 F number  Inch size F/3.0
50" Curvature radiusIntervalGlass (e-line refractive
index/Abbe number) Display element INF1.400 surface
1INF27.3001.51872/64.00 2 -: INF12.0001.83962/42.75
3INF8.613 4:66.709344.6191.76167/27.31 5-40.208061.466
633.431957.4491.76167/27.31 7131.35 11814.577
859.727965.9551.48914/70.24
9-30.096303.0001.75456/34.77 1018.287170.100
1118.174507.2461.48914/70.24 12-23.904291.977
13-21.852153.0001.81081/40.49 14-303.965530.100
15109.801807.2241.48914/70.24 16-28.104540.100
DiaphragmINF99.059 17182.8030315.2411.67764/31.92 



18-135.375280.100 1964.1299110.7441.52033/58.69
20119.2317010.935 21-280.887073.0001.72793/37.72
22114.79 224216.118 23Aspheric
-73.93950-120.000Reflector (first mirror) surface
24Aspheric 69.01404229.652Reflector (second mirror)
surface Projected image 0.000 surface Aspheric
coefficient for  surface 23 K A4 [Table 7]
-8.47354e-001 -4.50856e-007 A6 -5.49282e-011 AS
7.19838e-015 A10 -3.75857e-019 Aspheric coefficient
for  surface 24 K-1.43979e+001 A43.27859e-008A6
-1.83925e-012A8 5.76078e-017A10 -7.70233e-022 53
S05P1384W000 According to numeric value example 6, the
image display  element P6 represents a liquid crystal
device such as reflective  dot matrix liquid crystal
and is designed to be telecentric.  



The image display element P6 has an aspect ratio of
16:9, contains  1920x1080 pixels, and sizes to 0.61
inches. The image display  element P6 is enlarged to
50 inches for projection. The F number  is 3. 0. The
pixel size is approximately 7 m on the image display
element P6 and approximately 0.58 mm on the screen S6.
FIG. 44 shows a spot diagram for the projection
optical  system according to numeric value example 6.
FIG. 45 shows  distortion. Field angles (1) through
(15) shown in the spot  diagram are respectively
generated from positions (1) through  (15) on the
image display element P6 shown in FIG. 43. Reference
wavelengths are 656.28 nm, 620.0 nm, 587.56 nm, 546.07
nm, 460.0  nm, and 435.84 nm. The scale for FIG. 44 is
twice as large as  one pixel on the screen. As shown
in FIG. 44, the sufficient  image formation capability
results. As shown in FIG. 45, no  remarkable image
distortion is found and the sufficient  capability
results. When the projection optical system according
to the sixth  embodiment is applied to a projector
(projection-type image  display apparatus), the
projection optical system can be slimed  by disposing
plane mirrors at appropriate positions similarly  to
the above-mentioned first and fourth embodiments.
(Seventh embodiment) FIG. 46 outlines the entire
optical system of a projector  (projection-type image
display apparatus) using the projection 54
S05P1384WO00 optical system according to a seventh
embodiment of the invention.  FIG. 47 shows an
enlarged view of the projection optical system. In the
diagram illustrating the seventh embodiment, P7
denotes an image display element. The image display
element  P7 forms the primary image surface. The image
display element  P7 can represent a reflective
dot-matrix liquid crystal panel,  a digital micro
mirror device (DMD) , and the like. In the diagram,
PP7 denotes a polarizing beam splitter (PBS) , a
dichroic prism,  



a TIR (Total Internal Reflector) prism, and the like.
STOP  denotes a diaphragm. While the projector needs
an illumination  optical system to illuminate the
image display element P7, the  illumination optical
system is omitted from FIGS. 46 and 47. L71 denotes a
first optical systemcomposed of a refracting  optical
element. L72 denotes a second optical system composed
of reflectors R71 and R72. The projection optical
system is  composed of the first optical system L71
and the second optical  system L72 and guides the
light (primary image surface)  image-modulated by the
image display element P7 to the screen  S7 to form an
image (secondary image surface) on the screen S7.  The
first optical system L71 forms an intermediate image
at  position II in FIGS. 46 and 47. The image is then
reflected  on reflectors R71 and R72 to form a pupil
image that is then  formed on the screen S7. As shown
in FIG. 47, the respective  optical surfaces of the
projection optical system are  rotationally symmetric
about an optical axis AXIS7. In FIG.  47, a broken
line indicates an unused and therefore removed part
of the reflectors R71 and R72 of the second optical
system L72. 55 S05P1384W000 Table 8 shows data for
numeric value example 7 of applying  specific numeric
values to the projection optical system  according to
the seventh embodiment. 56 S05P1384W000 [Table 81 F
number  Inch size F/3.0  52.5" Curvature IntervalGlass
(e-line refractive radiusindex/Abbe number) 



Display element INF1.400 surface 1INF20.700 2
.INF12.0001.83962/42.8 3INF27.3001.51872/64.0
4INF6.050 559.2224112.3001.49845/81.2 6-86.139544.172
744.252139.4091.49845/81.2 8-96.556884.207
9-50.219381.7791.81184/33.0 1034.237393.003
1138.8493910.5531.49845/81.2 12-33.383222.575
13-35.324161.5741.81184/33.0 14-294.592468.563
15-2771.849105.0431.85505/23.6 16-49.2615010.336 Dia
hra mINF32.667 17-31.302471.8001.83962/42.8
18-41.9542821.541 1945.6821315.1741.59142/61.0
20-179.1254411.472 21-84.960682.5261.81263/25.3
22-513.974980.300 2338.820807.4231.67340/46.9
2455.7871311.970 2568.012918.0001.80831/46.3
2645.7518714.403 27-55.9218713.3061.81081/40.5
28-48.48920170.904 29Aspheric
surface1.01174E-05-151.155Reflector (first mirror) 30 



68.49207  rojecte Aspheric surfaceINF364.319Reflector
(second mirror) image surface  Aspheric melficicnl for
surface 29 K-28531.19104 A40.124362E-07A6
0.196046E-11A8 -0.206541E-15A10 0.103413E-19
A12-0.290651L-24A14 0.357592E-29  Aspheric cedithnt
for surface 30 K-2.4470 Al-1.1474E-02A3 1.3489E-06A4
1.1430E-07A5 1.8548E-11 A66.0609E-12A8 2.8004E-16A10
-6.6302E-21A12 6.8785E-26 A144.6396E-31 57
S05P1384WO00 According to numeric value example 7, the
30th surface,  i.e., a concave reflector R72 contains
an aspheric coefficient  of odd-numbered degree.
Therefore, the above-mentioned  equation 2 defines the
shape of the 30th surface. According to numeric value
example 7, the image display  element P7 has an aspect
ratio of 16:9, contains 1920x1080 pixels,  and sizes
to 0.61 inches. The image display element P7 is
enlarged to 52.5 inches for projection. The F number
is 3.0.  The pixel size is approximately 7 gm on the
image display element  and approximately 0.605 mm on
the screen S7. FIG. 49 shows a spot diagram for the
projection optical  system according to numeric value
example 7. FIG. 50 shows  distortion. Field angles (1)
through (15) shown in the spot  diagram are
respectively generated from positions (1) through
(15) on the image display element P7 shown in FIG. 48.
Reference  wavelengths are 656.28 nm, 620.0 rim,
587.56 nm, 546.07 nm, 460.0  



nm, and 435.84 nm. The scale for FIG. 49 is twice as
large as  one pixel on the screen S7. As shown in FIG.
49, the sufficient  image formation. capability
results. As shown in FIG. 50, no  remarkable image
distortion is found and the sufficient  capability
results. When the projection optical system according
to the seventh  embodiment is applied to a projector
(projection-type image  display apparatus), the
projection optical system can be slimed  by disposing
plane mirrors at appropriate positions similarly  to
the above-mentioned first and fourth embodiments.
(Eighth embodiment) 58 SO5P1384W000 FIG. 51 outlines
the entire optical system of a projector
(projection-type image display apparatus) using the
projection  optical system according to an eighth
embodiment of the invention.  FIG. 52 shows an
enlarged view of the projection optical system. In the
diagram illustrating the eighth embodiment, P8
denotes an image display element. A primary image
surface is  formed on the image display element P8.
The image display element  P8 can represent a. digital
micro mirror device (DMD). While  the projector needs
an illumination optical system to illuminate  the
image display element P8, the illumination optical
system  is omitted from FIGS. 51 and 52. L81 denotes a
first optical system composed of a refracting  optical
element. L82 denotes a second optical system composed
of reflectors RR81 and RR82. The projection optical
system is  composed of the first optical system L81
and the second optical  system L82 and guides the
light (primary image surface)  image-modulated by the
image display element P8 to the screen  S8 to form an
image (secondary image surface) on the screen S8.  The
first optical system L81 forms an intermediate image
at  position II in FIGS. 51 and 52. The image is then
reflected  on reflectors RR81 and RR82 to form a pupil
image that is then  



formed on the screen S8. As shown in FIG. 52, the
respective  optical surfaces of the projection optical
system are  rotationally symmetric about an optical
axis AXIS8. In FIG.  52, a broken line indicates an
unused and therefore removed part  of the reflectors
RR81 and RR82 of the second optical system  L82. 59
S05P1384WO00 Table 9 shows data for numeric value
example 8 of applying  specific numeric values to the
projection optical system  according to the eighth
embodiment. 60 SO5P1384W000 [Table 9] F number  Inch
size F/3.0  55.8" Curvature radiusIntervalGlass
(e-line refractive index/Abbe number) Display element
INF54.000 surface DiaphragmINF0.100 1
-71.133115783.0001.76167/27.31 2-132.82195386.435
387.249149139.9951.76167/27.31 4-111.037020.100
5-477.698763.0001.80932/39.39 634.301041.000
742.779736.8411.56605/60.58
8-22.243723.0001.73432/28.10 949.093610.100
1044.968865.6841.48914/70.24 



11-52.4868851.478 12-931.710665.0001.76167/27.31
13-302.7800270.336 1494.024407.5381.76167/27.31
15298.103966.199 16-186.5116215.0001.74794/44.63
171081.95709285.517 18Aspheric
-83.79108-110.000Reflector (first mirror) surface
19Aspheric -177.21176260.000Reflector (second mirror)
surface Projected image INF1.000 surface
asphenccoeRiaernrorsurface 18 K-6.03097e-001
A42.98655e-007A6 -1.62107e-011A8 1.53773e-015A10
-2.42130e-020 A12-2.52893e-024
Asp~coeficientforsurface 19 K-2.90510e+001
A47.12285e-008A6 -8.49805e-012A8 6.28723e-016A10
-2.49940e-020 A123.55011e-025 61 S05P1384WO00
According to numeric value example 8, a DMD is used as
the image display element P8 that has an aspect ratio
of 16:9,  contains 1280x768 pixels, and sizes to 0.7
inches. The image  display element P8 is enlarged to
55.8 inches for projection.  The F number is 3. The
pixel size is approximately 12 m on  the image display
element P8 and approximately 0.86 mm on the  screenS8.
A diaphragm STOP is provided between the image display
element P8 and the projection optical system. ON light
is  



reflected on the image display element P8, passes
through the  diaphragm STOP and the projection optical
system, and then  reaches the screen S8. The diaphragm
STOP interrupts OFF light.  The ON light passes
through the diaphragm STOP and enters the  refracting
optical system L81 to form an intermediate image at
the position II in FIGS. 51 and 52. The ON light is
then reflected  on the reflector RR81 to form a pupil
image. The image is  reflected on the reflector RR82
to be formed on the screen S8. FIG. 54 shows a spot
diagram for the projection optical  system according
to numeric value example 8. FIG. 55 shows  distortion.
Field angles (1) through (15) shown in the spot
diagram are respectively generated from positions (1)
through  (15) on the image display element shown in
FIG. 53. Reference  wavelengths are 656.28 nm, 620.0
nm, 587.56 nm, 546.07 nm, 460.0  rim, and 435.84 nm.
The scale for FIG. 54 is twice as large as  one pixel
on the screen S8. As shown in FIG. 54, the sufficient
image formation capability results. As shown in FIG.
55, no  remarkable image distortion is found and the
sufficient  capability results. 62 S05P1384WOO0 When
the projection optical system according to the eighth
embodiment is applied to a projector (projection-type
image  display apparatus), the projection optical
system can be slimed  by disposing plane mirrors at
appropriate positions similarly  to the
above-mentioned first through fourth embodiments.
(Ninth embodiment) FIG. 56 outlines the entire optical
system of a projector  (projection-type image display
apparatus) using the projection  optical system
according to a.ninth embodiment of the invention.
FIG. 57 shows an enlarged view of the projection
optical system. In the diagram illustrating the ninth
embodiment, P9  denotes an image display element. The
image display element  P9 forms the primary image
surface. The image display element  



P9 can represent a reflective dot-matrix liquid
crystal panel,  a digital micro mirror device (DMD) ,
and the like. In the diagram,  PP9 denotes a
polarizing beam splitter (PBS), a dichroic prism,  a
TIR (Total Internal Reflector) prism, and the like.
STOP  denotes a diaphragm. While the projector needs
an illumination  optical system to illuminate the
image display element P9, the  illumination optical
system is omitted from FIGS. 56 and 57. L91 denotes a
first optical system composed of a refracting  optical
element. L92 denotes a second optical system composed
of a reflector AM9. The projection optical system is
composed  of the first optical system L91 and the
second optical system  L92 and guides the light
(primary image surface) image-modulated  by the image
display element P9 to the screen S9 to form an image
(secondary image surface) on the screen S9. That is,
the first 63 S05P1384W000 optical system L91 forms an
intermediate image at position II  in FIGS. 56 and 57.
The image is then reflected on a reflector  AM9 to
form a pupil image that is then formed on the screen
S9.  As shown in FIG. 57, the respective optical
surfaces of the  projection optical system are
rotationally symmetric about an  optical axis AXIS9.
In FIG. 57, a broken line indicates an unused  and
therefore removed part of the concave reflector AM9 of
the  second optical system L92. Table 10 shows data
for numeric value example 9 of applying  specific
numeric values to the projection optical system
according to the ninth embodiment. 64 S05P1384W000
[Table 10] F number  Inch size F/3.0  62.6" 



Curvature radiusIntervalGlass (e-line refractive
index/Abbe number) Display element INF0.900 surface
1INF30.0001.51872/64.0 2INF5.000
362.659029.4021.48914/70.2 4-82.69896.176
536.3809510.4751.49845/81.2 6-81.1686.000
7-37.17141.5391.64940/31.7 827.240783.912
933.0822710.5041.49845/81.2 10-28.50412.809
11-26.47251.3411.61864/34.5 1260.763071.402
1387.882326.4761.75520/27.5 14-32.78789.119
DiaphragmINF13.175 15-27.96811.5001.54285/47.0
16-52.986118.502 1791.0502510.2171.75450/51.6
18-58.82453.649 19-49.69995.6901.84666/23.8
20-117.32350.536 2168.554678.0001.48914/70.2
2246.4536114.599 23-149.9053.0051.48914/70.2
24115.635.973 25426.13136.0001.84829/29.7
26-670.278250.000 27Aspheric-88.935-700.000Reflector
first mirror) ( ) 



Projected image  surface  Aspheric coelGcieM Rx
surface 27 K-2.641049 A40.111535E-06A6 0.386529E-11A8
-0.317841E-16A10 -0.822479E-20 A120.452284E-24A14
-0.631588E-29A16 -0.186046E-33A18 0.528090E-38 65
S05P1384WO00 According to numeric value example 9, the
image display  element P9 represents a liquid crystal
device such as reflective  dot matrix liquid crystal
and is designed to be telecentric.  The image display
element P9 has an aspect ratio of 16:9, contains
1920x1080 pixels, and sizes to 0.61 inches. The image
display  element P6 is enlarged to 62.6 inches for
projection. The F  number is 3. 0. The pixel size is
approximately 7 m on the image  display element P9 and
approximately 0.725 mm on the screen. FIG. 59 shows a
spot diagram for the projection optical  system
according to numeric value example 9. FIG. 60 shows
distortion. Field angles (1) through (15) shown in the
spot  diagram are respectively generated from
positions (1) through  (15) on the image display
element P9 shown in FIG. 58. Reference  wavelengths
are 656.28 nm, 620.0 nm, 587.56 nm, 546.07 nm, 460.0
nm, and 435.84 nm. The scale for FIG. 59 is twice as
large as  one pixel on the screen S9. As shown in FIG.
59, the sufficient  image formation capability
results. As shown in FIG. 60, no  remarkable image
distortion is found and the sufficient  capability
results. When the projection optical system according
to the ninth  embodiment is applied to a projector
(projection-type image  display apparatus), the
projection optical system can be slimed by disposing
plane mirrors at appropriate positions similarly to
the above-mentioned first and fourth embodiments. 



Table 11 lists related data and corresponding data for
conditional equations (1), (2), and (3) according to
the  above-mentioned numeric value examples 3 to 9. 66
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EEn m z >N \..JJNNN N_CJK hU1V10 N S05P1384W000 It can
be understood that the above-mentioned numeric value
examples 3 to 9 all satisfy conditional equations (1),
(2), and  (3). FIG. 61 shows intermediate image
positions for the first  optical system L41 according
to the above-mentioned embodiment  4. In FIG. 61, Sil,
Sit, and Si3 denote distances. between the  first
optical system L41 and intermediate image positions
corresponding to the lowest, meddle, and highest field
angles  on the screen, respectively. The positions
correspond to points  (1), (7), and (13) in FIG. 22.
The distances are Sit = 183 mm,  Sit z 112 mm, and Si3
~ 50 mm. Length Ls of the first optical  system L41 is
131.25 mm and satisfies conditional equation (1).  Any
of numeric value examples 3 through 9 satisfy not only
conditional equation (1), but also conditional
equations (2)  and (3) (see Table 11). When the
above-mentioned features and effects are properly
used, it is possible to appropriately correct the
distortion  and compactly construct the projection
optical system excellent  in the image formation
capability using a small number of  reflectors. The
above-mentioned embodiments have described the
projection-type image display apparatus for projection
on the  transmissive screen. It is obvious that the
projection-type  image display apparatus according to
the invention is applicable  as an apparatus for
projection on a reflective screen. 



The above-mentioned embodiments have described the
first  optical system and the second optical system
composed of the 68 S05P1384WO00 surfaces that are
rotationally symmetric about the common optical  axis.
In addition, the invention is also applicable to
surfaces  that are not rotationally symmetric. The
above-mentioned embodiments and numeric value
examples have represented the specific shapes and
numeric values  .for the components as mere examples
of embodying the invention.  These specifics must not
cause the technical scope of the  invention to be
interpreted restrictively. Industrial Applicability
The invention can provide the projection optical
system  that features a small depth and height and a
large enlargement  factor. The projection optical
system is particularly  appropriately applied to a
large rear projection television.  In addition, the
projection optical system is appropriate for  enlarged
projection onto a reflective screen and the like in  a
limited space such as a narrow room. 69 S05P1384W000
Claims  1. A projection optical system for enlarged
projection from a primary image surface existing at a
reducing side to a  secondary image surface existing
at an enlarging side,  comprising: a first optical
system that forms an intermediate image  of the
primary image surface; and a second optical system
having a concave reflector that  forms the secondary
image surface according to the intermediate  image,
wherein a light beam travels from the center of the
primary  image surface to the center of the secondary
image surface,  



crosses an optical axis of the first optical system,
reflects  on the concave reflector, crosses the
optical axis again, and  reaches the secondary image
surface. 2. The projection optical system according to
claim 1,  wherein the first optical system and the
second optical system include surfaces that are
rotationally symmetric about  a common optical axis.
3. The projection optical system according to claim 2,
wherein the second optical system comprises only the
concave reflector. 4. The projection optical system
according to claim 2,  wherein the second optical
system has a convex reflector 70 S05P1384WOOO toward
an enlarging side or reducing side of the concave
reflector. 5. The projection optical system according
to claim 2,  wherein the first optical system forms
the intermediate image toward the primary image
surface rather than the concave  reflector of the
second optical system. 6. The projection optical
system according to claim 5,  wherein conditional
equation (1) belowis satisfiedwhere Ls is a length of
the first optical system and Si is a distance  between
the first optical system and the intermediate image.
(1) Si/Ls < 2 7. The projection optical system
according to claim 5,  wherein conditional equation
(2) below is satisfied where S12 is a distance between
the first optical system and the concave  reflector
and R is a paraxial curvature radius of the concave
reflector. (2) S12 > IRI/2 8. The projection optical
system according to claim 4,  wherein conditional
equation (3) below is satisfied where SR12 is a
distance between the convex reflector and the concave



reflector. (3) SR12 > IRI/2 71 S05P1384WO00 9. The
projection optical system according to claim 2,
wherein the concave reflector is a rotationally
symmetric  and aspheric surface about the optical
axis. 10. The projection optical system according to
claim 9,  wherein a function indicating a shape of the
rotationally symmetric and aspheric surface contains
an aspheric coefficient  of odd-numbered degree. 11.
The projection optical system according to claim 9,
wherein the concave reflector is shaped to decrease a
curvature against a paraxial curved surface as the
concave  reflector becomes distant from the optical
axis. 12. The projection optical system according to
claim 4,  wherein the convex reflector contains at
least one  rotationally symmetric and aspheric
surface. 13. The projection optical system according
any of to  claims 2 through 5, wherein the first
optical system contains one or more  rotationally
symmetric and aspheric surfaces. 14. A projection-type
image display apparatus  comprising: a light source;
modulation means for modulating and outputting light
72 S05P1384W000 radiated from the light source based
on a video signal; and  a projection optical system
for enlarged projection from a primary image surface
toward the modulation means to a secondary  image
surface toward a screen, wherein the projection
optical system includes: a first optical system that
forms an intermediate image  



of the primary image surface; and a second optical
system having a concave reflector that  forms the
secondary image surface according to the intermediate
image, wherein a light beam travels from the center of
the primary  image surface to the center of the
secondary image surface,  crosses an optical axis of
the first optical system, reflects  on the concave
reflector, crosses the optical axis again, and
reaches the secondary image surface. 15. The
projection-type image display apparatus  according to
claim 14, wherein the first optical system and the
second optical  system include surfaces that are
rotationally symmetric about  a common optical axis.
16. The projection-type image display apparatus
according to claim 14, wherein the screen is
transmissive; wherein the screen is disposed at the
front of a cabinet  that contains the light source,
the modulation means, and the 73 S05P1384WO00
projection optical system; and wherein the projection
optical system provides enlarged  projection onto the
transmissive screen from its rear. 17. The
projection-type image display apparatus  according to
claim 16, wherein the projection optical system is
provided at the  bottom of the cabinet; and wherein
there is provided a plane mirror that is disposed  at
the top of the cabinet, reflects light output from the
projection optical system, and deflect the light so as
to reach  the transmissive screen. 18. The
projection-type image display apparatus  according to
claim 17, 



wherein the second optical system forms a pupil for
the  intermediate image onto the secondary image
surface outside a  light flux traveling from the plane
mirror to the transmissive  screen surface. 19. The
projection-type image display apparatus  according to
claim 14, wherein a light beam travels from the center
of the primary  image surface to the center of the
secondary image surface and  crosses the optical axis
within a vertical plane; and wherein there is provided
reflection means that reflects  the light beam between
the first and second optical systems and 74
S05P1384WOOO deflects the light beam within a
horizontal plane. 20. The projection-type image
display apparatus  according to any of claims 14
through 19, comprising: at least one plane reflector
for freely directing a light  path reflected on the
concave reflector, wherein conditional equation (4)
below is satisfied where  0 is an angle formed between
the screen and an outmost light  beam that is directed
toward the screen from a plane reflector  positioned
immediately before the screen and passes a position
farthest from the screen. (4) 0.6 > tanO > 0.05 75 




