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nrﬂx’.a OF THE INVENTION

ILLUMINATION OPTICAL SYSTEM AND PROJECTOR COMPRISING THE SAME

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to an illumination optical

system and a projector provided with the same.

Description of the Related Art

Fig. 11 is a perspective view showing the appearance of
a typical projector. Here, a rectangular parallelepiped
projector 501 includes an upper case 503 which defines the upper
surface thereof and is provided with operating buttons 502

disposed thereon, a lower case 504 whichdefines the lower surface

. of the projector 501 and a front case 505 which defines the front

surface of the projegtor 501. There is a projection lens 506,
the front end portion of which protrudes from the front case
505.

A known optical system in such a projector is constituted,
for example, as shown in Fig. 12.

That is, the projector is provided with an illumination
optical system 520 for making an illumination distribution of
light fromalight source510uniformandmakingthelight incident
on liquid crystal panels 550R, 550G, 550B with the l1ight having

the same polarization. The projector also includes a color beam



splitting optical system 530 for splitting a beam W emitted from
the illumination optical system 520 into red, green, and blue
beams R, G, B, respectively, and a relay optical system 540 for
guiding the blue beam B out of the beams split by the color beam
splitting optical system 530 to the liqguid crystal panel 550B
associated with the blue beamB. Theprojector further includes
the three liquid crystal panels 550R, 550G, 550B as light
modulating means for modulating the respective color beam
according to given image information, a cross dichroic prism
560 as a color beam synthesizing optical system for synthesizing
the modulated respective color beams and a projection lens 506
for expanding and projecting the synthesized beams on a
projection screen.

As shown in a schematic view of Fig. 13 showing an action
of the illumination optical system, in the illumination optical
system 520, light emitted from the light source 510 is sélit
by a first lens array 521 into a plurality of sub-beams and made
incident on a polarization conversion element array 523 via a
second lens array 522. Then, the polarization conversion
element array 523 is allowed to provide the respective sub-beams
with the same polarization. Thereafter, the sub-beams are
superimposed on the image forming area of the liquid crystal
panels 550R, 550G, 550B by a superimposing lens 524.

By this action, the illumination optical system 520

uniformly illuminates therespectiveliquidcrystal panels 550R,
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550G, 550B by one type of polarized 1ight and brightens all over
the projection screen when an image is displayed by a projector
or the like, thereby contributing to provision of a sharp high
contrast all over the image.

However, when an image is projected in a size smaller than
preset size byutilizing such a device having higher brightness,
unnecessarilyexcessivelight is projectedonaprojectionscreen
so that the image becomes too glaring to see. It is considered
that a projection lens is provided with a variable diaphragm
as means for solving this 'problem. As a result, however, design

freedom of the projection lens is significantly limited, that

~ is, the size of the projection lemns is increased and the types

thereof are limited and so on.

SUMMARY OF THE INVENTION

The object of the present invention is thus to provide
an illumination optical system capable of maintaining higher
brightness of optical equipment and adjusting the brightness
as required without degrading design freedom of other optical
systems such as a projection optical system and a projector
provided with the same.

An illumination optical system comprising: a light
source; a beam splitting element including a plurality of lenses
that splits light emitted from the light source into a plurality

of sub-beams; a polarization conversion element



including a polarization beam splitter array that splits each
of the plurality of sub-~beams into two types of polarized
light, the polarization beam splitter array having a plurality
of polarization splitting films and reflective films which are
alternately arranged, and a phase element disposed on the
emitting surface side of the polarization beam splitter array
to align the light polarization directions of the two types of
polarized light; and a light shielding member that adjusts a
quantity of incident light on the polarization splitting films,
the light shielding member being provided between the beam
splitting element and the polarization beam splitter array.
Consequently, the quantity of the incident light on an object
tobe illuminated canbe adjustedwithout limitingdesign freedom
of other optical systems such as a projection optical system.
In addition, appropriate adjustment of the quantity of the
incident light contributes to a longer life of equipment to be

illuminated such as an electro-optical device illuminated by

- this illumination optical system.

The light shielding member may be a 1ight shielding plate
provided with a plurality of light shielding portions and
apertures corresponding to the polarization splitting films and
reflective films and is movably disposed along the polarization
conversion element. Also, the light shielding member may be
constituted by a plurality of parallel light shielding plates

to adjust the quantity of the incident light by moving any ones
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thereof. By using these members, the quantity of the incident
light canbeeasily adjusted. Intheabovecase, whenaplurality
of light shielding plates are disposed corresponding to the
plurality of polarization splitting films, respectively, the
quantity of the incident light can be adjusted for each
polarization splitting £ilm, thereby improving precision of the
adjustment.

The light shielding member may be a-variable diaphragm
which arbitrarily reduces the quantity of the incident light
on the polarization splitting films constituting the
polarization conversion element. In this case, light
transmitting portions of the variable diapﬁragm are formed as
slits and the guantity of the incident light on the polarization
splitting films can be reduced by changing widths of the slits.

This variable diaphragm can also adjust a quantity of
incident light on an object to be illuminated without limiting
design freedom of other optical systems such as a projection
optical system, thereby contributing to a longer life of
equipment to be illuminated such as an electro-optical device
illuminated by this illumination optical system.

The light shielding member is preferably composed of
metallic material having an optical reflectance of 80% or more.
Since heat absorption in the light shielding member is retarded
by using such a material, a 1light shielding member or diaphragm

having excellent heat resistance can be obtained even under high
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brightness conditions.

Meanwhile, a projector of the present invention is
comprised the illumination optical system as described above
and an electro-optical device that modulates the light emitted
by the illumination optical system.

This projector may be further comprised a color beam
splitting optical system for splitting the light emitted by the
1llumination oPtical system into beams of three colors, a
plurality of the electro-optical devices for modulating each

of the color beams split by the color beam splitting optical

system, acolorbeamsynthesizingoptical systemforsynthesizing

modulated beams of each color, and a projection lens for
projecting the synthesized beams.
Effects of the above-described illumination optical

system are specifically demonstrated in this projector.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.lisaplanviewshowinganoptical systemofaprojector
according to an embodiment of the present invention;

Fig. 2 is an explanatory view of an illumination optical
system constituting the optical system in Fig. 1;

Fig. 3 (A) is a front view and Fig. 3 (B) is a side view
of a first lens array constituting the illumination optical
system;

Fig. 4 is a perspective view showing the appearance of



a polarization conversion element array;

Fig. 5 is a schematic view showing an action of the
polarization conversion element array;

Fig. 6 isafrontviewshowinganexampleofalightshielding
plate for adjusting a quantity of incident light on polarization
splitting films;

Fig. 7 is a front view showing another example of a light
shielding plate for adjusting the quantity of incident light
on the polarization splitting films;

Fig. 8 is a schematic view showing an action of an
illumination optical system according to the embodiment of the
invention;

Fig. 9 is an enlarged view showing the vicinity of a site
where the light shielding plate in the optical system in Fig.
8 is provided;

Fig. 10 is a schematic perspective view showing an example
of a variable diaphragm for adjusting the quantity of incident
light on polarization splitting films;

Fig. 11 is a perspective view showing the appearance of
a common projector;

Fig. 12 is a block diagram showing a known optical system
of the projector; and

Fig. 13 is a schematic view showing an action of an

illumination optical system constituting the optical system in

Fig. 12.
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DESCRIPTION OF PREFERRED EMBODIMENTS

Now, embodiments of thepresent inventionwill beexplained
below by way of example. In the following explanations, the
traveling direction of the light is defined as a z-direction,
the direction of 12 o’clock with respect to the z-direction is
defined as a y-direction, and the direction of 3 o’clock with
respect to the z-direction is defined as a x-direction, unless
otherwise specified.

Fig. 1 is a schematic plan view showing the configuratioh
of an illumination optical system incorporated into a projector
according to anembodiment of thepresent invention. Theoptical
system includes three main portions: a light source unit 20,
an optical unit 30, and a projection lens 40. The optical unit
30 is provided with an integrator optical system 300 described
later, a color beam splitting optical system 380 having dichroic
mirrors 382, 386 and a reflective mirror 384, a relay optical
system 390 having an incident lens 392, a relay lens 396 and
reflective mirrors 394, 398. The optical unit 30 is further
provided with three field lenses 400, 402, 404, three liquid
crystal panels (of the type of a liquid crystal light valve)
410R, 410G, 410B and a cross dichroic prism 420, which is a color
beam synthesizing optical system.

The light source unit 20 is disposed on the incident side

of a first lens array 320 of the optical unit 30. The projection



lens 40 is disposed on the emission side of the cross dichroic
prism 420 of the optical unit 30.

Fig. 2 is an explanatory view showing an illumination
optical system for illuminating the three liquid crystal panels,
which are the illuminated areas in the projector shown in Fig.
1. This illuminationoptical system is comprised a light source
200 provided in the light sourceunit 20 and an integratoroptical
system 300 provided in the optical unit 30. The integrator
optical system 300 has the first lens array 320, a second lens
array 340, a light shielding plate 350 and a polarization
conversion element array 360 to be described later, and a
superposing lens 370.

To simplify the explanation, Fig. 2 shows only main
compo‘nents for explaining functions of the illumination optical
system.

The light source 200 is provided with a light source lamp
210 and a concave mirror 212. Radial beams emitted from the
light source lamp 210 are reflected by the concave mirror 212
and emitted in the direction toward the first lens array 320
as a bundle of substantially parallel light.

Here, a halogen lamp, ametal halide lamp or a high pressure
mercury lamp can be used as a 1light source lamp 210. A parabolic
mirror is preferably used as a concave mirror 212.

Fig. 3 (A) is a front view and Fig. 3 (B) is a side view

showing the appearance of the first lens array 320. This first
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lens array 320 is constituted by arraying small lenses 321 each
having a rectangular contour, in a matrix of Nx2 columns in the
vertical direction (here, N = 4) and M rows {(here, M = 10) in
the horizontal direction. The external shape of each small lens
321 viewed from the z direction is set to be almost similar to
that of each of the liquid crystal panels 410R, 410G, 410B. For
example, if an aspect ratio (i.e., the ratio of a horizontal
to vertical dimension) of the image forming area of a liquid
crystal panel is 4:3, the aspect ratio of each small lens 321
is also set to the ratio of 4:3.

The second lens array 340 has a function of guiding each
of a plurality of sub-beams emitted from the first lens array
320 so as to be converged onto each of polarization splitting
films 366 of two polarization conversion element arrays 361,
362. The second lens array 340 is constituted by a plurality
of small lenses 341. The number of small lenses 341 is the same
as that of the small lenses 321 constituting the first lens array
320. The direction of lenses of the first lens array 320 and
second lens array 340maybeeitherthe+zdirectionor-zdirection
or these arrays may face in the directions different from each
other as shown in Fig. 2.

In the polarization conversion element array 360, two
polarization conversion element arrays 361, 362 are disposed
in directions symmetrical with respect to the optical axis as

shown in Fig. 2. Fig. 4 is a perspective view showing the
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appearance of one polarization conversion element array 361.
The polarization conversion element array 361 is provided with
a polarization beam splitter array 363 composed of a plurality
of polarized beam splitters and A/2 phase plates 364 (A is a
wavelength of light) selectively disposed on part of the light
emitting surface of the polarization beam splitter array 363.
The polarization beam splitter array 363 is formed by
successively stacking a plurality of pillar-shaped
parallelogram light transmissive members 365. Polarization
splitting films 366 and reflective films 367 are alternately
formed at the boundaries of the 1ight transmissive members 365.
The A/2 phase plates 364 are selectively laminated on mapping
portion in the x direction of the light emitting surface of the
polarization splitting films 366 or the reflective films 367.
Inthis example, theA/2 phaseplates 364 are laminated on mapping
portion in the x direction of the 1light emitting surface of the
polarization splitting film 366.

The polarization conversion element array 361 has a
function of converting incident beams into one type of linearly
polarized beams. Fig. 5 is a schematic view showing the action
of the polarization conversion element array 361. When a
non-polarized beam (i.e. a beam having a random polarization)
including s-polarized and p-polarized components is made
incidentuponthe incident surfaceofthepolarizationconversion

element array 361, this incident beam is first split into an
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s-polarized beam and a p-polarized beam by the polarization
splitting film 366. The s-polarized beam is almost
perpendicularly reflected on the polarization splitting film
366 and further reflected on the reflective film 367. On the
other hand, the p-polarized beam is allowed to be transmitted
throughthepolarizationsplitting film366 remainingunchanged.
A A/2 phase plate 364 is disposed on the emitting surface of
the p-polarized beam transmitted through the polarization
splitting film 366 and this p-polarized beam is converted to
s-polarized beam and then emitted. Therefore, most of the light
transmitted through the polarization conversion element array
361 is emitted as s-polarized beam. It is noted that, if the
light emitted from the polarization conversion element array
361 needs to be p-polarized beam, the A/2 phase plate 364 may
be disposed on the emitting surface from which the s-polarized
beam reflected by the reflective film 367 is emitted. As long
as the same polarization can be provided, a quarter-wave plates
may be used. Or, a desired phase plates may be provided on the
emitting surfaces of both the p-polarized beam and s-polarized
beam.

In the above polarization conversion element array 361,
one block constituted by one polarization splitting film 366
and one reflective film 367 which are adjacent to each other
and furtherah/2phaseplate364 canbeassumedasonepolarization

conversion element 368. The polarization conversion element
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array 361 isobtainedbyarrayingapluralityof suchpolarization
conversion elements 368 in the x direction. Since the
polarization conversion element array 362 has exactly the same
configuration as that of the polarization conversion element
array 361, explanation thereof is omitted.

A light shielding plate 350 as a light shielding member
willbedescribedbelow. Fig.6isafrontview showing.an example
of a 1light shielding plate for adjusting a quantity of incident
light on the polarization splitting films 366. This light
shielding plate 350 is a plate-like body obtained by alternately
forming light shielding portions 351 for shielding light and
apertures 352 for transmitting light corresponding to the light
incident surfaces of the respective transparent members 365
constituting a polarization conversion element array 360 (361,
362), each of the 1ight shielding portions having about the same
width as that of the light incident surface of each light
transmissive member 365. This light shieldingplate 350 is held
by a guide 353 and is constructed movably along the arraying
directionof thepolarizationsplitting films 366 and reflective
films 367 (arrowdirectioninFig. 6) bycombiningwithanexisting
drive mechanism.

This light shielding plate 350 is disposed between the
second lens array 340 and polarization conversion element array
360. The light shielding portions 351 and apertures 352 are

normally positioned so that light is made incident only on the
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light incident surfaces corresponding to the polarization
splitting films 366 out of light incident surfaces of two
polarization conversion element arrays 361, 362. In this case,
maximum brightness of the illumination optical system can be
obtained.

Oon the other hand, if the brightness is too high in the
above normal state, the light shielding plate 350 is slightly
moved and part of the light made incident on the light incident
surfaces of the light transmissive members 365 corresponding
to the polarization splitting films 366 is shielded by the 1light
shieldingportions351. Thus, thequantityoftheincident light
is appropriately adjusted.

Since the polarization conversion element array 360 is
in the vicinity of the arc image of the 1ight source, the vicinity
of thepolarizationconversionelement array 360 and the entrance
pupil of the projection lens are almost conjugated. 'I'herefore,
shielding of 1ight by the light shielding plate 350 or the like
at this position has the same effect as that of light reduction
by the diaphragm of the projection lens and thereby brightness
can be adjusted without causing uneven illumination.

Fig. 7 is a front view showing a construction of another
light shielding plate 430 for achieving the same object as that
of the light shielding plate 350. The above-described light
shielding plate 350 is obtained by integrally forming the

respective light shielding portions 351. On the dther hand,
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in this light shielding plate 430, portions corresponding to
the aforementioned respective light shielding portions 351 are
constituted by independent 1ight shielding portions 431A-431I.
The light shielding portions 431A-431I are movably held by a
guide 433 with a gap corresponding to the incident surface width
of each light transmissive member 365. The independent light
shielding portions 431a-431I ca;l be moved by an existing drive
mechanism. The independent 1ight shielding portions 431A-4311
are constituted so as to be independently movable along a
direction in which a plurality of polarization conversion
elements constituting thepolarizationcenversionelement array
360 are stacked (i.e. a direction of arrangement of adjacent
independent light shielding portions 431A-4311I).

In this 1ight shielding plate 430 as well, normally, the
independent light shielding portions 431A-4311 are positioned
so that liéht is made incident onlyonthe light incident surfaces
corresponding to the polarization splitting films 366 out of
the light incident surfaces of two polarization conversion
element arrays 361, 362. Then, when adjustment of brightness
is required, all of the independent light shielding portions
431A-431I or only required ones are moved slightly depending
on the situation so that the quantity of incident light on the
polarization splitting films 366 can be adjusted. Thus,
precision in adjustment of brightness can be improved.

Using two light shielding plates 350 or 430, or one light
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shielding plates 350 in combination with one light shielding
plate 430, one light shielding plate may be fixedly positioned
so that light ismade incident only on the 1ight incident surfaces
corresponding to polérization splitting £ilms 366 and the other
light shielding plate (including the light shielding portions
431A-4311 about the plate 430) disposed in parallel thereto may
be moved to adjust the quantity of incident light on the
polarization splitting films 366. As a result, there is an
advantage that incident light on the reflective films 367 in
the polarization conversion element array 360 can be completely
blocked. Three or more of shielding plates 350 or 430, or the
combination of three or more shielding plates 350 and 430 also
can be used.
Anactionoftheilluminationoptical system incorporating
the light shielding plate will be described below. Since both
the light shielding plates 350, 430 have the same basic actions
of a 1light shielding plate, description will be given here with
reference to the light shielding plate 350 as an example.
Fig. 8 is a schematic view showing an action of an
illumination optical system incorporating a light shielding
plate 350. Fig. 9 is an enlarged view showing the vicinity of
the 1ight shielding plate 350 in the optical system in Fig. 8.
Here, blacked out portions in the 1light shielding plate 350 are
thelight shielding portions 351 and clear portions are apertures

{reference numeral thereof is omitted). Part of light
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transmitted through the first lens array 320 and second lens
array 340 is shielded by the light shielding portions 351
depending on the position of the 1ight shielding plate 350 and
the remaining light passes through the apertures and is made
incident on the polarization splitting films 366 in the
polarization conversion element array 360. It is noted that
the subsequent light path is as described above.

Therefore, when the incident light on the polarization
splitting films 366 is required as much as possible (i.e. when
high brightness is required), the light shielding plate 350 is
positioned so that the light shielding portions 351 are not
superimposedonthelight incident surfacesoflighttransmitting
members corresponding to the polarization splitting films 366.
On theotherhand, inthecasewhena lower brightness is required,
the light shielding plate 350 is moved in a direction in which
the light shielding portions 351 are superimposed on the light
incident surfaces of the polarization conversion elements
corresponding to the polarization splitting films 366 until
appropriate brightness is obtained.

The light shielding plates 350, 430 having such actions
can be formed by a metal plate provided with apertures as the
light transmitting portions or a light transmissive plate on
which reflective films are formed as the light shielding portions
by a vapor-deposition.

A case where a quantity of light is adjusted by a light
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shieldingplate3500r 430 hasbeendescribed above, but avariable
diaphragm can also be used. For example, Fig. 10 is a schematic
perspective view showing an example of a variable diaphragm for
adjusting a quantity of incident light on the polarization
splitting films 366 used to achieve the same object as that of
the light shielding plates 350, 430. This variable diaphragm
440 is provided with variable diaphragms 441A-441D and so forth
having pairs of left and right reflecting plates 441 for forming
slit-like light transmitting portions 442 corresponding to the
respective polarization conversion elements constituting the
polarization conversion element array 360 and is constituted
such that the slit widthcanbearbitrarily changed by anexisting
drive mechanism.

This variable diaphragm 440 is also disposed between the
second lens array 340 and polarization conversion element array
360. Light is made incident only on the light incident surfaces
corresponding to the polarization splitting films 366 out of
light incident surfaces of the two polarization conversion
element arrays 361, 362, normally with the respective variable
diaphragms 441A-441D etc. fully opened so that the maximum
brightness of the illumination optical system is obtained.

On the other hand, if brightness is too high in the above
normal state, all or arbitrary variable diaphragms of these
variable diaphragms 441A-441D etc. are narrowed down by reducing

the slit width of the light transmitting portion 442 to
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appropriately adjust a quantity of incident light on the light
incident surfaces of the polarization conversion elements
corresponding to the polarization splitting films 366.

This variable diaphragm 440 may be used together with a
light shielding platewhich is fixedly disposed to make incident
light only on the light incident surfaces corresponding to the
polarization splitting films 366.

If the light shielding plates 350, 430 and variable
diaphragms 440 (441A-441D etc.) are formed by metallic material
such as aluminium having a high optical reflectance, excellent
heat resistance can be obtained so that a long period use under
high brightness becomes possible. Such metallic material
preferably has a reflectance of 80% or more.

Operation of the projector constituted as above will be
described below.

Non-polarizedlight emitted fromthe light source 2.00 shown
inFiqg. 2 is split into aplurality of sub-beams 202 by a plurality
of small lenses 321 of the first lens array 320 constituting
the integrator optical system 300 and converged to the vicinity
of the polarization splitting films 366 of two polarization
conversion element arrays 361, 362 by a plurality of small lenses
341 of the second lens array 340 whileaquantityof light directed
to the vicinity of the polarization splitting films 366 is
adjusted by the positionof the light shieldingplate 350. Thus,

a plurality of sub-beams made incident on the two polarization
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conversion element arrays 361, 362 are converted to one type
oflinearlypolarizedlightandemittedas described above. Then,
the plurality of sub-beams emitted from the two polarization
conversion element arrays 361, 362 are superimposed on liquid
crystal panels 410R, 410G, 410B described later by a
superimposing lens 370.

The reflective mirror 372 shown in Fig. 1 is provided so
as to guide the beams emitted ffom the superposing lens 370 in
a direction towards a color beam splitting optical system 380.
Therefore, this is nét necessarily required depending on the
construction of the optical system.

The color beam splitting optical system 380 is provided
with first and second dichroicmirrors 382, 386 and has a function
of splitting the light emitted from the illumination optical
system into each light of three colors, red, green and blue.
The first dichroic mirror 382 transmits a red light component
outofthelightemitted fromthesuperposinglens370andreflects
a blue and green component of light. The red light transmitted
through the first dichroic mirror 382 is reflected by the
reflective mirror 384 and reaches the liquid crystal panel 410R
for red light through a field lens 400. This field lens 400
converts each sub-beams emitted from the superposing lens 370
to beams in parallel to a central axis (principal ray). The
otherfieldlenses402,404providedinfrontoftheliquidcrystal

panels 410G, 410B, respectively, also have the same action.
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Furthermore, a green light out of the blue 1light and green
light reflected by the first dichroic mirror 382 is reflected
by the second dichroic mirror 386 and reaches the liquid crystal
panel 410G for green light through the field lens 402. On the
other hand, a blue light is transmitted through the second
dichroic mirror 386, passes through a relay optical system 390
comprising an incident side lens 392, a reflective mirror 394,
a relay lens 396 and a reflective mirror 398 and reaches the
liquid crystal panel 410B for blue light further through the
field léns 404. The relay optical system 390 is used for the
blue light so as to prevent degradation of light use efficiency
due to light diffusion or the like since the optical path length
of the blue light is longer than that of other color light. That
is, the sub-beams made incident on the incident side lens 392
are transferred to the field lens 404 without a change.

The three liquid crystal panels 410R, 410G, 410B have a
function as an electro-optical device for modulating incident
light according to given image information (image signals).
Cor-lsequently, each color 1ight made incident on the three 1liquid
crystal panels 410R, 410G, 410B is modulated according to the
image information to form an image of each color. It is noted
that polarizers (not shown) are provided on the light incident
side and light emitting side of the liquid crystal panels 410R,
410G, 410B.

Each color modulated light emitted from the three liquid
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crystal panels 410R, 410G, 410B is made incident on a cross
dichroic prism 420. The cross dichroic prism 420 has a function
as a color light synthesizing optical system for synthesizing
the three modulated color lights to form a color image. 1In the
cross dichroic prism 420, a dielectric multilayer film for

reflecting the red light and a dielectric multilayer film for
reflecting the blue light are formed in a substantially X shape
at four rectangular prism interfaces. Each modulated color
light is synthesized by these dielectric multilayer films to
form a synthesized light for projecting a color image. The
synthesized light generated by this cross dichroic prism 420
is emitted in the direction towards the projection lens 40. The
projection lens 40 has a function of projecting this synthesized
light on a projection screen to display a color image on the
projection screen.

In the projector of this embodiment described above, when
an image is projected on a large screen, a clear image is obtained
with high brightness by adjusting the position of the light
shielding plate 350, 430 or the slit width of the variable
diaphragm 440. On the other hand, when the image is projected
on a small screen, brightness can be reduced to make the image
easy to see. Therefore, one projector can be used irrespective
of the size of the screen.

Furthermore, since the polarization conversion element

array 360 is in the vicinity of an arc image of the light source,
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the vicinity of the conversion element array 360 and the entrance
pupil of the projection lens are conjugated. Therefore, even
if the 1light shielding plate 350, 430 or variable diaphragm 440
is disposed in the vicinity thereof, illumination unevenness
is not caused by the effect thereof.

Furthermore, since the quantity of the light entering the
liquid crystal panels 410R, 410G, 410B are reduced as a whole
by reducing brightness, light resistance of these liquid crystal
panels is improved and thus the life thereof can be made longer.

In the above embodiment, an example where the present
invention is applied to a projector using transmissive liquid
crystal panels has been explained, but the present invention
can be applied to a projector using reflective liquid crystal
panels. As described later, the electro-optical device is not
limited to a liquid crystal panel. Here, “transmissive” means
that an electro-optical device such as a liquid crystal panel
transmits light while “reflective” means that anelectro-optical
device such as a liquid crystal panel reflects light. In the
projector employing reflective electro-optical devices, a
dichroic prism may be utilized as color beam splitting means
for splitting light into each light in three colors, red, green
andblueaswellascolorbeamsynthesizingmeansforsynthesizing
theeachmodulatedcolorlightandemittingthesynthesizedlight
in the same direction.

The electro-optical device for modulating light is not
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limited to a liquid crystal panel, but may be a device using,
for example, a micro mirror.

The prism, which is a color beam synthesizing optical
system, is not limited to a dichroic prism having surfaces for
selecting two types of colors formed along bonding surfaces of
four triangular prisms, but may be a dichroic prism having one
type of color selecting surface or a polarizing beam splitter.
Or, aprismmay beobtained by disposinga light selecting surface
in a substantially hexahedron-shaped 1ight transmissive box and
filling fluid therein.

Furthermore, projectors include a front type for
projecting an image from the viewing direction and a rear type
forprojectingan image fromthedirectionoppositetotheviewing
direction. The construction shown in the above embodiment can
be applied to either thereof.

According to the present invention, an illumination
optical system and projector provided with the same can be
obtainedthatcanmaintainhigherbrightnessofoptical equipment
and adjust the brightness as required without degrading design

freedomof other optical systems or causing uneven illumination.
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WHAT IS CLAIMED IS: L
1. An illumination optical system comprising:

a light source;

a beam splitting element including a plurality of lenses
that splits light emitted from the light source into a plurality
of sub-beams;

a polarization conversion element including

a polarization beam splitter array that splits each
of the plurality of sub-beams into two types of polarized light,
the polarization beam splitter array having a plurality of
polarization splitting films and reflective films which are
alternately arranged, and

a phase element disposed on the emitting
surface side of the polarization beam splitter array to align
the light polarization directions of the two types of
polarized light; and

a light shielding member that adjusts a quantity of
incident light on the polarization splitter films, the light
shielding member being provided between the beam splitting

element and the polarization beam splitter array.
2. The illumination optical system according to claim 1,

wherein

the light shielding member is a light shielding plate
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comprisingapluralityof light shielding portions and apertures
corresponding tothepolarizationsplitting films andreflective
films, and the light shielding plate is movably disposed along

the polarization conversion element.

3. The illumination optical system according to claim 1,
wherein

the light shielding member is constituted by a plurality
of parallel light shielding plates to adjust the quantity of

the incident light by moving any ones thereof.

4. The illumination optical system according to claim 3,
wherein

the plurality of light shielding plates are disposed
corresponding to the plurality of polarization splitting films,

respectively.

5. The illumination optical system according to claim 1,
wherein

the light shielding member is a variable diaphragm which
arbitrarily reduces the quantity of the incident light on the
polarization splitting films constituting the polarization

conversion element.

6. The illumination optical system according to claim 5,
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wherein

light transmitting portions of the variable diaphragm are
formed as slits and the quantity of the incident light on the
polarization splitting films is reduced by changing widths of
the slits.
7. The illumination optical system according to claim 1,
wherein

the light shielding member is composed of metallic material

having an optical reflectance of 80% or more.

8. A projector comprising:
the illumination optical system according to claim 1; and
anelectro-optical device thatmodulates the light emitted

by the illumination optical system.

9. The projector according to claim 8 further comprising:
a color beam splitting optical system for splitting the
light emitted by the illumination optical system into beams of
three colors;
a plurality of the electro-optical devices for modulating
each of the color beams split by the color beam splitting optical
system;

a color beam synthesizing optical system for synthesizing

modulated beams of each color; and
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a projection lens for projecting the synthesized beams.

10. The projector according to claim 8, wherein

the light shielding member is a light shielding plate
comprising a pluralityof light shielding portions and apertures
corresponding tothepolarizationsplitting films and reflective
films, and the light shielding plate is movably disposed along

the polarization conversion element.

11. The projector according to claim 8, wherein
the light shielding member is constituted by a plurality
of parallel light shielding plates to adjust the quantity of

the incident light by moving any ones thereof.

12. The projector according to claim 11, wherein
the plurality of light shielding plates are disposed

corresponding to the plurality of polarization splitting films,

respectively.

13. The projector according to claim 8, wherein
the light shielding member is a variable diaphragm which
arbitrarily reduces the quantity of the incident light on the

polarization splitting films constituting the polarization

conversion element.
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14. The projector according to claim 13, wherein
light transmitting portions of the variable diaphragm are
formed as slits and the quantity of the incident light on the

polarization splitting films are reduced by changing widths of

the slits.
15. The projector according to claim 8, wherein

thelight shieldingmember is composedofmetallicmaterial

having an optical reflectance of 80% or more.
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