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(57) ABSTRACT 

An illumination optical system includes a first compression 
system configured to compress a light flux on each of first 
and second sections, a second compression system config 
ured to compress the light flux on the first section, a 
polarization converter arranged so that a section that con 
tains a normal of the second polarization splitting Surface 
and the optical axis becomes the second section, and con 
figured to convert non-polarized light into linearly polarized 
light, a first lens array arranged in front of the polarization 
converter along an optical path, and a second lens array 
arranged between the first lens array and the polarization 
converter along the optical path. Both of the first lens array 
and the second lens array have no optical power on the 
second section. 

11 Claims, 4 Drawing Sheets 
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LLUMINATION OPTICAL SYSTEM WITH 
LIGHT COMPRESSING LENS ARRAYS 
HAVING NO OPTICAL POWER ON ONE 
SECTION AND IMAGE PROJECTION 
APPARATUS HAVING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 
The present invention relates to an illumination optical 

system and an image projection apparatus, such as a liquid 
crystal projector. 

Description of the Related Art 
Japanese Patent Laid-Open No. (“JP) 2008-299298 pro 

poses changing of a compression ratio of a light flux 
between a longitudinal section and a lateral section in an 
illumination optical system for a liquid crystal projector 
where the longitudinal section is a plane that contains a 
normal of a polarization splitting Surface and the lateral 
section is a section that contains the optical axis and is 
orthogonal to the longitudinal section. The compression of 
the light flux on the longitudinal section is effective in 
narrowing an incident angle distribution of a light flux upon 
the PBS and to maintain the contrast. The compression of the 
light flux on the lateral section is effective in a miniaturiza 
tion of the illumination optical system. 

JP 7-181392 provides a first integrator having a positive 
power and a second integrator having a negative power on 
the lateral section. JP 2002-40416 compresses a light flux 
using a cylindrical lens rather than an integrator on the 
longitudinal section, and does not compress the light flux on 
the lateral section. 

However, JPs 7-181392 and 2002-40416 are disadvanta 
geous because they compress the light flux only in a single 
direction, that is, either on the longitudinal direction or on 
the lateral direction, and the illumination optical system (or 
the liquid crystal projector) becomes longer. 

In addition, the illumination optical system disclosed in 
JP 2008-299298 secures the power of the first integrator on 
the lateral section by changing (or decentering) a height of 
a vertex of each lens cell of the first integrator. Therefore, a 
distance between each lens cell and the polarization con 
verter does not become constant, and a sufficiently bright 
image cannot be provided. 

SUMMARY OF THE INVENTION 

The present invention provides a small image projection 
apparatus that can project a bright image. 
An illumination optical system according to the present 

invention is configured to illuminate an image display 
device using a light flux from a light source. The illumina 
tion optical system includes a polarization splitter having a 
first polarization splitting Surface configured to split a polar 
ization component of the light flux, a first compression 
system configured to compress the light flux on each of a 
first section that contains a normal of the first polarization 
splitting Surface and an optical axis of the illumination 
optical system, and a second section that contains the optical 
axis and is orthogonal to the first section, a second com 
pression system configured to compress the light flux on the 
first section, a polarization converter that includes a second 
polarization splitting Surface, is arranged so that a section 
that contains a normal of the second polarization splitting 
Surface and the optical axis becomes the second section, and 
is configured to convert non-polarized light into linearly 
polarized light, a first lens array that includes a plurality of 
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2 
lens cells configured to split the light flux into a plurality of 
light fluxes, and is arranged in front of the polarization 
converter along an optical path, and a second lens array that 
includes a plurality of lens cells corresponding to the plu 
rality of lens cell of the first lens array, and is arranged 
between the first lens array and the polarization converter 
along the optical path. Both of the first lens array and the 
second lens array have no optical power on the second 
section. 

Further features of the present invention will become 
apparent from the following description of exemplary 
embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional view of an illumination 
optical system according to a first embodiment. 

FIG. 2 is a lateral sectional view of the illumination 
optical system illustrated in FIG. 1 according to the first 
embodiment. 

FIG. 3 is a longitudinal sectional view of a polarization 
beam splitter illustrated in FIG. 1 according to the first 
embodiment. 

FIG. 4 is a lateral sectional view of a polarization con 
verter illustrated in FIG. 1 according to the first embodi 
ment. 

FIG. 5 is a perspective view of a first fly-eye lens 
illustrated in FIG. 1 according to the first embodiment. 

FIG. 6 is a perspective view of a second fly-eye lens 
illustrated in FIG. 1 according to the first embodiment. 

FIG. 7 is a longitudinal sectional view of the illumination 
optical system according to a second embodiment. 

FIG. 8 is a lateral sectional view of the illumination 
optical system according to the second embodiment. 

FIG. 9 is a structural diagram of an image projection 
apparatus that includes the illumination optical system 
according to a third embodiment. 

DESCRIPTION OF THE EMBODIMENTS 

A description will be given of embodiments of the present 
invention with reference to the accompanying drawings. 

First Embodiment 

FIGS. 1 and 2 are optical path diagrams illustrating an 
illumination optical system configured to illuminate a reflec 
tion type liquid crystal panel of a liquid crystal projector 
(image projection apparatus) according to a first embodi 
ment. FIG. 1 illustrates a longitudinal section, and FIG. 2 
illustrates a lateral section. This embodiment set a longitu 
dinal section to a plane that contains a normal of a polar 
ization splitting section of a polarization beam splitter 
(“PBS) and the optical axis, and a lateral section to a 
section that contains the optical axis and is orthogonal to the 
longitudinal section. The longitudinal section is set to the YZ 
plane (first section) and the lateral section is set to the XZ 
plane (second section). 
The illumination optical system illuminates the reflection 

type liquid crystal panel (simply referred to as a “liquid 
crystal panel hereinafter) as an image display device via a 
PBS 17 utilizing a light flux from a light source 10. The 
image light modulated by the liquid crystal panel 18 is 
guided to a projection lens (not illustrated) via the PBS 17 
again and projected onto a projected Surface. Such as a 
SCC. 
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This embodiment sets an optical axis of the illumination 
optical system (which is defined, for example, as an axial 
line that passes the center of a condenser lens 16 and a panel 
surface center of the liquid crystal panel 18) to the Z axis and 
the optical axis direction to the direction parallel to the Z 
axis. A direction along the Z axis in which the light flux from 
the light source 10 travels from the condenser lens 16 to the 
liquid crystal panel 18 and the PBS 17 is a traveling 
direction of the light, and the optical path is formed in this 
direction. 
The longitudinal section (YZ plane) is a section having a 

Smaller angular distribution of the light flux incident upon 
the panel surface 18a (entry/exit surface) of the liquid 
crystal panel 18, and is a section parallel to an extending 
direction of a short side of the liquid crystal panel 18. The 
longitudinal section is a section parallel to a Surface (or a 
paper plane of FIG. 3) that contains the optical axis (Z axis) 
and the normal (N) of the polarization splitting surface 17a 
of the PBS 17. The longitudinal section is a section parallel 
to the normal N of the polarization splitting surface 17a and 
a normal NP of the panel surface 18a of the liquid crystal 
panel 18. 
The lateral section (XZ plane) is a section having a larger 

angle distribution of the light flux incident upon the panel 
surface 18a of the liquid crystal panel 18, and is a section 
parallel to the extending direction of a long side of the liquid 
crystal panel 18. The lateral section contains the optical axis 
and is orthogonal to the longitudinal section. 
The light flux emitted in a radial shape from the light 

Source 10, Such as a high-pressure mercury discharge tube, 
is converted into a convergent light flux by an elliptic 
reflector (first optical element) 11. Since the elliptical reflec 
tor can reduce the number of lenses, the reflector becomes 
Smaller. 
The reflected light reflected by the elliptical reflector 11 is 

collimated by a collimator lens (second optical element) 12. 
The elliptical reflector 11 and the collimator lens 12 consti 
tute an afocal system, or a first compression system config 
ured to compress the light flux from the light source 10. The 
first compression system compresses a light flux both on the 
longitudinal section and on the lateral section. 
The light flux collimated by the first compression system 

is split into a plurality of light fluxes by the first fly-eye 
lenses 13, and the plurality of split light fluxes form a 
plurality of secondary light Source images near the second 
fly-eye lens 14 and the polarization converter 15. The light 
flux that forms each secondary light source image is con 
verted into linearly polarized light having a predetermined 
polarization direction by the polarization converter 15, and 
then enters the condenser lens 16. 

The first fly-eye lens 13 includes a plurality of lens cells 
13a configured to split the incident light flux into a plurality 
of light flux, and is arranged in front of the polarization 
converter 15 along the optical path. The second fly-eye lens 
14 includes a plurality of lens cells 14a, and is arranged 
between the first fly-eye lens 13 and the polarization con 
verter 15 along the optical path. 

FIG. 4 is a lateral sectional view of the polarization 
converter 15. The polarization converter includes a plurality 
of polarization splitting Surfaces (second polarization split 
ting Surfaces) 21, a plurality of reflective Surfaces 22, and a 
plurality of half-plates 23. A polarization component 
orthogonal to a predetermined polarization direction among 
light incident upon the polarization splitting Surface 21 
transmits through the polarization splitting Surface 21, and 
its polarization direction is converted by 90° by the half 
plate 23 and exits from the polarization converter 15. On the 
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4 
other hand, a polarization component parallel to the prede 
termined polarization direction among the light incident 
upon each polarization splitting Surface 21 is reflected by the 
polarization splitting surface 21, then reflected by the reflec 
tive Surface 22, and exited. As a result, the polarization 
converter 15 converts incident non-polarized light into lin 
early polarized light having a predetermined polarization 
direction, and emits the resultant light. 
The polarization converter 15 alternately includes two 

types of areas as an effective area 15A and a non-effective 
area 15B on the XZ section, and light entering the effective 
area 15A becomes predetermined polarized light suitable for 
effective utilizations. As illustrated in FIG. 4, the polariza 
tion converter 15 is arranged so that a section parallel to a 
plane that contains the optical axis and the normal of the 
polarization splitting Surface 21 (or a paper plane of FIG. 4) 
can become the lateral section (XZ section). 
A plurality of split light fluxes emitted from the condenser 

lens 16 are superimposed on the liquid crystal panel 18 
through the polarization splitting surface 17a of the PBS 17. 
Thereby, the liquid crystal panel 18 is illuminated by uni 
formly distributed illumination light fluxes. 
The image light modulated and reflected by the liquid 

crystal panel 18 is reflected by the polarization splitting 
surface 17a of the PBS 17 and guided to the projection lens 
(not illustrated). While this embodiment illustrates the single 
liquid crystal panel 18, the actual and general projector 
includes three liquid crystal panels corresponding to RGB. 
The PBS 17 forms part of a color analyzing/synthesizing 
optical system configured to guide each RGB colored illu 
mination light corresponding to one of the three liquid 
crystal panels, and synthesize each colored image light from 
the three liquid crystal panels. 
The PBS 17 includes a (first) polarization splitting surface 

17a that is arranged oblique to the optical axis (Z axis) of the 
illumination optical system and includes a multilayer film 
(polarization splitting film). The polarization splitting film 
17a splits the polarization component of the light flux. A 
slope of the polarization splitting surface 17a to the optical 
axis Z is generally set to 45° or between 42° and 48°. The 
angular dependency of the polarization splitting Surface 17a 
is disclosed in JP 2008-299298. 
The polarization splitting Surface 17a has a splitting 

function based upon the polarization direction for the light 
of at least part of a wavelength region in the visible light 
region, Such as a wavelength region having a width of 100 
nm or larger. In general, among light incident at specific 
angle(s), the polarization splitting Surface 17a reflects light 
in the first polarization direction by 80% or more and 
transmits light in the second polarization direction orthogo 
nal to the first polarization direction by 80% or more. 
A plurality of lens cells are arranged in the two-dimen 

sional directions in the first and second fly-eye lenses 13, 14. 
The centerline of each fly-eye lens is parallel to the Z axis. 
FIG. 5 is a perspective view of the first fly-eye lens 13, and 
FIG. 6 is a perspective view of the second fly-eye lens 14. 

In the longitudinal section illustrated in FIG. 1, the first 
fly-eye lens 13 wholly serves as a positive (convex) lens, 
because the vertexes of the lens cells other than the central 
lens cells in the plurality of lens cells 13a illustrated in FIG. 
5 decenter to the inside in the Y direction. In other words, the 
vertex position (or height) of each lens cell 13a is different 
in the longitudinal section illustrated in FIG. 1. 

In the longitudinal section illustrated in FIG. 1, the second 
fly-eye lens 14 wholly serves as a negative (concave) lens, 
because the vertexes of the lens cells other than the central 
lens cells in the plurality of lens cells 14a illustrated in FIG. 
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6 decenter to the outside in the Y direction. In other words, 
in the longitudinal section illustrated in FIG. 1, the vertex 
position (or height) of each lens cell 14a is different in the 
longitudinal section illustrated in FIG. 1. 
The first fly-eye lens 13 and the second fly-eye lens 14 

constitute a second compression system configured to com 
press the light flux on the longitudinal section. The YZ 
section (longitudinal section) is more sensitive to the XZ 
section (lateral section) for changes of the polarization 
splitting characteristic along with the incident angular 
changes of the polarization splitting surface of the PBS 17. 
The first and second compression systems reduce the angu 
lar distribution on the longitudinal section, enables light to 
enter the PBS 17 at a suitable angle, and improve the image 
quality, such as the less uneven brightness and more 
enhanced contrast. 

Thus, the first compression system compresses the light 
flux both on the longitudinal section and on the lateral 
section with a compression amount necessary for the lateral 
section, and the second compression system compresses the 
light flux only on the longitudinal section. As a result, this 
embodiment realizes asymmetrical compressions of the light 
flux between the longitudinal section and the lateral section. 
The compression of the light flux on the longitudinal 

section is effective in reducing the angular distribution of the 
light flux incident upon the polarization splitting Surface 17a 
of the PBS 17, and in restraining the contrast drop. The 
compression of the light flux on the lateral section contrib 
utes to the miniaturization. Since a pair of fly-eye lenses 
have no power on the lateral section (due to the constant 
vertex position of each lens cell), the distance between each 
lens cell and the polarization converter 15 becomes constant. 
In other words, both of the first fly-eye lens 13 (first lens 
array) and the second fly-eye lens (second lens array) have 
no optical power on the second section. Since the light 
Source images made near the polarization converter 15 have 
almost constant positions, a light amount that passes the 
effective area 15A can be increased so as to secure the 
brightness. The optical power, as used herein, means an 
optical power (refractive power) to a ray incident upon the 
center of each lens cell parallel to the optical axis. Moreover, 
since a pair of fly-eye lenses has powers on the longitudinal 
section, the cost becomes lower and the size becomes 
Smaller than using an expensive cylindrical lens. 

Since the lens cells of the first fly-eye lens 13 do not 
decenter on the lateral section, the secondary light Source 
images in the Z direction have almost constant positions. 
The first fly-eye lens 13 does not have to be decentered on 
the lateral section because the parallel light enters the first 
fly-eye lens 13. 

This embodiment can relatively inexpensively project a 
bright image and restrain the image quality degradation. 

The following condition may be satisfied where C. is a 
compression ratio on the YZ section between the first and 
second fly-eye lenses 13 and 14 due to decentering of their 
lens cells: 

11<C.<19. Expression 1 

When the value is smaller than the lower limit of Expres 
sion 1, the image quality degrades, such as the uneven 
brightness and the contrast drop, and the intended perfor 
mance becomes unavailable. When the value is larger than 
the upper limit of Expression 1, the decentering amounts of 
the lens cells of the first fly-eye lens 13 and the second 
fly-eye lens 14 become larger and they become thick in the 
optical axis direction. As a result, an aberrational amount 
that occurs in the fly-eye lens becomes larger, the image 
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6 
quality degradation and the brightness drop occur, and the 
intended performance becomes unavailable. 

C. may further satisfy the following expression: 

11<C-15. Expression 2 

The compression of the light flux on the lateral section 
enables effective utilizations of the light flux from the 
elliptical reflector 11 and thus provides a bright image while 
maintaining a predetermined size of the optical system. 
Where f3 is a compression ratio between the XZ section and 
the YZ section of the compression system that includes the 
elliptical reflector 11 and the collimator lens 12, the com 
pression ratio B may satisfy the following expression: 

1.1<B<1.9. Expression 3 

When the value is smaller than the lower limit of Expres 
sion 3, a light quantity from the elliptical reflector 11 
becomes smaller for effective utilizations and thus a bright 
image and the intended performance are unavailable. When 
the value is larger than the upper limit, the light from the 
elliptical reflector 11 can be effectively utilized but a plu 
rality of secondary light source images formed near the 
second fly-eye lens 14 and the polarization converter 15 
becomes larger. As a result, a light amount used to illuminate 
the panel effective area reduces, and thus a bright image and 
the intended performance are unavailable. 

B may further satisfy the following expression: 

1.1<B<1.5. Expression 4 

A description will now be given of C. and B with reference 
to FIGS. 1 and 2. Hro denotes a light flux width (in the 
direction perpendicular to the optical axis) reflected by the 
elliptical reflector 11. Hr1 denotes a light flux width (in the 
direction perpendicular to the optical axis) collimated by the 
collimator lens 12. HX denotes a light flux width on the XZ 
section just before the polarization converter 15. Hy denotes 
a light flux width on the YZ section just before the polar 
ization converter 15. 

Herein, C. and B can be expressed as follows: 
C=Hr1/Hy Expression 5 

B=Hr0/Hr1 Expression 6 

H=Hil Expression 7 

In this embodiment, C.-1.26 and B=1.30, satisfying 
Expressions 1 to 4. 

Each lens cell 13a of the first fly-eye lens 13 may be a 
toric lens and form a secondary light source image on the XZ 
section on the side of the polarization converter 15 and a 
secondary light source image on the YZ section of the 
second fly-eye lens 14. 
An improvement of the utilization efficiency of the polar 

ization converter 15 depends upon the position of the 
secondary light source image on the XZ section rather than 
the position of the secondary light source image on the YZ 
section. Hence, the utilization efficiency of the fly-eye lens 
is improved by creating the secondary light source image on 
the second fly-eye lens 14 on the longitudinal section. 

This is because light that passes part other than the 
corresponding lens cells of the first fly-eye lens 13 and the 
second fly-eye lens 14 becomes unnecessary light that 
illuminates the outside of the illuminated area of the liquid 
crystal panel 18. 

For this purpose, the following condition may be satisfied 
where fl is a focal length of the lens cell of the first lens 
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array 13 on the XZ section, and f2 is a focal length of the 
lens cell of the first lens array 13 on the YZ section: 

1.0<fl (f2<1.5. Expression 8 

When a value becomes smaller than the lower limit or 
larger than the upper limit of Expression 8, the secondary 
light Source image becomes distant from the polarization 
converter 15 and the polarization conversion efficiency 
lowers. As a result, the image becomes dark, and the 
intended performance cannot be obtained. 

fl and f2 may further satisfy the following condition: 

1.02<fl/f2<1.25. Expression 9 

While this embodiment illustrates the elliptical reflector, 
a parabolic reflector and a lens having a positive optical 
power may be used. 

Second Embodiment 

FIGS. 7 and 8 are optical path diagrams illustrating the 
structure of the illumination optical system used for the 
liquid crystal projector (image projection apparatus) accord 
ing to the second embodiment. FIG. 7 illustrates a longitu 
dinal section, and FIG. 8 illustrates a lateral section. Similar 
to the first embodiment, FIG. 7 sets the longitudinal section 
to the YZ surface (first section), and FIG. 8 sets the lateral 
section to the XZ Surface (second section). 

Reference numeral 31 denotes a light source unit, refer 
ence numeral 32 denotes a first fly-eye lens, reference 
numeral 33 denotes a second fly-eye lens, reference numeral 
34 denotes a polarization converter, reference numeral 35 
denotes a condenser lens, reference numeral 36 denotes a 
PBS, and reference numeral 37 denotes a liquid crystal 
panel. An R2 surface of the first fly-eye lens 32 forms a 
concave lens that has a negative optical power on the XZ 
section and the YZ section. 

Convergent light flux from the light source unit 31 is split 
into a plurality of light fluxes by R1 of the first fly-eye lens 
32. The lateral sections of the plurality of split light fluxes 
are collimated on the R2 surface of the first fly-eye lens 32 
having the negative optical power, and the longitudinal 
section of the plurality of split light fluxes are collimated by 
the second fly-eye lens 33. 

The plurality of collimated and split light fluxes form a 
plurality of secondary light Source images near the second 
fly-eye lens 33 and the polarization converter 34. The light 
flux that forms each secondary light source image is con 
verted into linearly polarized light that has a predetermined 
polarization direction by the polarization converter 34, and 
enters the condenser lens 35. 
The plurality of split light fluxes emitted from the con 

denser lens 35 transmit the polarization beam splitter 36, and 
are superimposed on the liquid crystal panel 37. Thereby, the 
liquid crystal panel 37 are illuminated by the uniformly 
distributed illumination light fluxes. 

This embodiment integrates the concave lens having a 
negative optical power with the R2 surface of the first 
fly-eye lens 32 instead of the collimator lens having the 
negative optical power, and reduces the structural size. In 
addition, this embodiment projects a bright image while 
preventing the image quality degradation. 

While this embodiment arranges a concave lens having a 
negative optical power on an R2 surface of the first fly-eye 
lens 32, a concave lens having a negative optical power may 
be arranged between the first fly-eye lens 32 and the second 
fly-eye lens 33. 
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Third Embodiment 

FIG. 9 is an optical path diagram of an image projection 
apparatus having the illumination optical system according 
to the first embodiment. 
A light flux emitted from a light source unit is converted 

into a parallel light flux by a collimator lens 52, and exited. 
This parallel light flux is split into a plurality of light fluxes 
by a first fly-eye lens 53 corresponding to the first fly-eye 
lens 13, and each split light flux is condensed. 

Each split light flux is condensed near the polarization 
converter 55 and the second fly-eye lens 54 corresponding to 
the second fly-eye lens 14, and forms an image of the light 
Source (secondary light Source image). The first and second 
fly-eye lenses 53, 54 are formed by the plurality of lens cells 
that are arranged in two-dimensional directions. Each lens 
cell has a rectangular lens shape similar to the liquid crystal 
panel (image display device) as a surface to be illuminated 
which will be described later. 
A polarization converter 55 converts each split light flux 

emitted from the second fly-eye lens 54 into s-polarized light 
as linearly polarized light. The s-polarized light emitted 
from the polarization converter 55 is reflected by the mirror 
70. Thereafter, it is condensed by the condenser lens 56, 
passes a color analyzing/synthesizing optical system 57, and 
illuminates B-band, G-band, and R-band reflection type 
liquid crystal panels 65, 60, and 64 in the Superimposing 
a. 

The color analyzing/synthesizing optical system 57 
includes a dichroic mirror 58 configured to reflect the 
B-band light and the R-band light among the polarized light 
that has transmitted the condenser lens 56, and to transmit 
the G-band light. The G-band polarized light that has 
transmitted through the dichroic mirror 58 is reflected by the 
first PBS 59, and enters the G-band reflection type liquid 
crystal panel 60. 

Each reflection type liquid crystal panel is connected to a 
driver D. The driver D, which is part of a projector (image 
projection apparatus) mounted with the projection optical 
system, is Supplied with an image signal from an image 
information supplier IP such as a personal computer, a DVD 
player, video deck, or a TV tuner. The driver D drives the 
reflection type liquid crystal panels corresponding to a color 
based on the RGB components of the input image signal. 
Thereby, each reflection type liquid crystal panel reflects and 
modulates incident light of each wavelength band, and emits 
image light. 
The image light from the G-band liquid crystal panel 

(referred to as a “G liquid crystal panel hereinafter) 60 
transmits through the first PBS 59 and a synthesizing prism 
61, and is projected upon the screen (not illustrated) by a 
projection lens 62. 
Among the B-band polarized light and the R-band polar 

ized light reflected by the dichroic mirror 58, the R-band 
polarized light is converted into the p-polarized light by a 
wavelength selective phase plate 66, and transmits through 
the second polarization beam splitter 63, and the B-band 
polarized light is reflected by the third polarization beam 
splitter 63. The B-band polarized light and the R-band 
polarized light emitted from the second polarization beam 
splitter 63 condense upon the B-band liquid crystal panel 
(“B liquid crystal panel hereinafter) 65 and the R-band 
liquid crystal panel (“R liquid crystal panel hereinafter) 64. 
respectively. 
The R-band polarized light reflected and modulated by the 

R liquid crystal panel 64 is reflected by the second polar 
ization beam splitter 63. The B-band polarized light reflected 
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and modulated by the B liquid crystal panel 65 transmits 
through the second polarization beam splitter 63. These 
R-band polarized light and B-band polarized light are 
reflected by the synthesizing prism 61, and projected onto 
the screen by the projection lens 62. 5 

While each embodiment utilizes a secondary fly-eye lens 
for the lens array configured to split an incident light flux 
from the light source, a lens array including linearly 
arranged cylindrical lenses can provide the effects of the 
present invention. 

While the present invention has been described with 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 15 
Such modifications and equivalent structures and functions. 

This application claims the benefit of Japanese Patent 
Application No. 2010-290485, filed Dec. 27, 2010 which is 
hereby incorporated by reference herein in its entirety. 
What is claimed is: 
1. An illumination optical system configured to illuminate 

an image display device using a light flux from a light 
Source, the illumination optical system comprising: 

a polarization splitter having a first polarization splitting 
Surface configured to split a polarization component of 25 
the light flux: 

a first compression system configured to compress the 
light flux on each of a first section that contains a 
normal of the first polarization splitting Surface and an 
optical axis of the illumination optical system, and a 30 
second section that contains the optical axis and is 
orthogonal to the first section; 

a polarization converter configured to convert non-polar 
ized light into linearly polarized light and that includes 
a second polarization splitting surface, and is arranged 35 
So that a section that contains a normal of the second 
polarization splitting Surface and the optical axis 
becomes the second section; and 

a second compression system configured to compress the 
light flux in the first section and includes: 
a first lens array that includes a plurality of lens cells 

configured to split the light flux into a plurality of 
light fluxes, and is arranged on the light source side 
with respect to the polarization converter along the 
optical axis; and 

a second lens array that includes a plurality of lens cells 
corresponding to the plurality of lens cell of the first 
lens array, and is arranged between the first lens 
array and the polarization converter along the optical 
axis, 

wherein both of the first lens array and the second lens 
array have no optical power in the second section, 

wherein a light flux from the first compression system 
is incident on all of the plurality of lens cells of the 
first lens array in the first section and the second 
section, and 

wherein the following conditions are satisfied: 

10 

40 

45 

50 

55 

1.1<C.<1.5; and 

where C. is a compression ratio applied by the second 
compression system in the first section and B is a 
compression ratio applied by the first compression 
system in the first and second sections. 

2. The illumination optical system according to claim 1, 
wherein: 

65 

10 
the first lens array has a positive optical power in the first 

section, at least part of lens cells decentering among the 
plurality of lens cells in the first lens array, and 

the second lens array has a negative optical power in the 
first section, at least part of lens cells decentering 
among the plurality of lens cells in the second lens 
array. 

3. The illumination optical system according to claim 1, 
wherein the first compression system includes: 

a first optical element that has positive optical powers 
both in the first section and the second section; and 

a second optical element that has negative optical powers 
both in the first section and the second section. 

4. The illumination optical system according to claim 3, 
wherein the first optical element is an elliptical reflector 
configured to reflect and condense the light flux from the 
light source. 

5. The illumination optical system according to claim 3, 
wherein the first compression system is an afocal system. 

6. The illumination optical system according to claim 3, 
wherein the first lens array is integrated with the second 
optical element. 

7. The illumination optical system according to claim 1, 
wherein the following condition is satisfied: 

where fl is a focal length of the plurality of lens cells in 
the first lens array in the second section, and f2 is a 
focal length of the plurality of lens cells in the first lens 
array in the first section. 

8. The illumination optical system according to claim 1, 
wherein the first compression system is arranged on the light 
Source side with respect to the second compression along the 
optical axis. 

9. An image projection apparatus comprising: 
an image display device; and 
an illumination optical system configured to illuminate 

the image display device using light flux from a light 
Source, 

wherein the illumination optical system includes: 
a polarization splitter having a first polarization splitting 

Surface configured to split a polarization component of 
the light flux: 

a first compression system configured to compress the 
light flux on each of a first section that contains a 
normal of the first polarization splitting Surface and an 
optical axis of the illumination optical system, and a 
second section that contains the optical axis and is 
orthogonal to the first section; 

a polarization converter configured to convert non-polar 
ized light into linearly polarized light and that includes 
a second polarization splitting Surface, and is arranged 
So that a section that contains a normal of the second 
polarization splitting Surface and the optical axis 
becomes the second section; and 

a second compression system configured to compress the 
light flux in the first section and includes: 
a first lens array that includes a plurality of lens cells 

configured to split the light flux into a plurality of 
light fluxes, and is arranged on the light source side 
with respect to the polarization converter along the 
optical axis; and 

a second lens array that includes a plurality of lens cells 
corresponding to the plurality of lens cell of the first 
lens array, and is arranged between the first lens 
array and the polarization converter along the optical 
aX1S, 
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wherein both of the first lens array and the second lens 
array have no optical power in the second section, 

wherein a light flux from the first compression system 
is incident on all of the plurality of lens cells of the 
first lens array in the first section and the second 
section, and 

wherein the following conditions are satisfied: 

1.1<C.<1.5; and 

where C. is a compression ratio applied by the second 
compression system in the first section and B is a 
compression ratio applied by the first compression 
system in the first and second sections. 

10. An illumination optical system configured to illumi 
nate an image display device using a light flux from a light 
Source, the illumination optical system comprising: 

a polarization splitter having a first polarization splitting 
Surface configured to split a polarization component of 
the light flux: 

a first compression system configured to compress the 
light flux on each of a first section that contains a 
normal of the first polarization splitting Surface and an 
optical axis of the illumination optical system, and a 
second section that contains the optical axis and is 
orthogonal to the first section; 

a polarization converter configured to convert non-polar 
ized light into linearly polarized light and that includes 
a second polarization splitting surface, and is arranged 
So that a section that contains a normal of the second 
polarization splitting Surface and the optical axis 
becomes the second section; and 

a second compression system configured to compress the 
light flux in the first section and includes: 
a first lens array that includes a plurality of lens cells 

configured to split the light flux into a plurality of 
light fluxes, and is arranged on the light source side 
with respect to the polarization converter along the 
optical axis; and 

a second lens array that includes a plurality of lens cells 
corresponding to the plurality of lens cell of the first 
lens array, and is arranged between the first lens 
array and the polarization converter along the optical 
axis, 

wherein an angular distribution of the light flux inci 
dent upon an entry Surface of the image display 
device in the first section is Smaller than an angular 
distribution in the second section, 

wherein a light flux from the first compression system 
is incident on all of the plurality of lens cells of the 
first lens array in the first section and the second 
section, and 
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12 
wherein the following conditions are satisfied: 

1.1<C.<1.9; and 

where C. is a compression ratio applied by the second 
compression system in the first section and B is a 
compression ratio applied by the first compression 
system in the first and second sections. 

11. An image projection apparatus comprising: 
an image display device; and 
an illumination optical system configured to illuminate 

the image display device using a light flux from a light 
Source, 

wherein the illumination optical system includes: 
a polarization splitter having a first polarization splitting 

Surface configured to split a polarization component of 
the light flux: 

a first compression system configured to compress the 
light flux on each of a first section that contains a 
normal of the first polarization splitting Surface and an 
optical axis of the illumination optical system, and a 
second section that contains the optical axis and is 
orthogonal to the first section; 

a polarization converter configured to convert non-polar 
ized light into linearly polarized light and that includes 
a second polarization splitting Surface, and is arranged 
So that a section that contains a normal of the second 
polarization splitting Surface and the optical axis 
becomes the second section; and 

a second compression system configured to compress the 
light flux in the first section and includes: 
a first lens array that includes a plurality of lens cells 

configured to split the light flux into a plurality of 
light fluxes, and is arranged on the light source side 
with respect to the polarization converter along the 
optical axis; and 

a second lens array that includes a plurality of lens cells 
corresponding to the plurality of lens cell of the first 
lens array, and is arranged between the first lens 
array and the polarization converter along the optical 
axis, 

wherein an angular distribution of the light flux inci 
dent upon an entry Surface of the image display 
device in the first section is Smaller than an angular 
distribution in the second section, 

wherein a light flux from the first compression system 
is incident on all of the plurality of lens cells of the 
first lens array in the first section and the second 
section, and 

wherein the following conditions are satisfied: 

where C. is a compression ratio applied by the second 
compression system in the first section and B is a 
compression ratio applied by the first compression 
system in the first and second sections. 
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