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(57) ABSTRACT

There 1s provided an illuminator to emit trichromatic light.
[t includes a lamp (1) which emits trichromatic light includ-
ing components whose wavelengths correspond to three
primary colors, respectively, and a wavelength-selective
optical aperture filter (22) provided at the side of the lamp
(1) from which the light of three primary colors go out and
consisting of zones working as predetermined optical aper-
tures of which one selectively attenuates or shields a com-
ponent included in the trichromatic licht and having a
wavelength corresponding to at least one of the three pri-
mary colors while the others allow the light components
whose wavelengths correspond to the other primary colors
to pass through.
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LIGHTING DEVICE AND PROJECTION TYPE
IMAGE DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an illuminator
which emits trichromatic light including components whose
wavelengths correspond to three primary colors: red, green
and blue, respectively, and a projector type 1image display
apparatus which projects the trichromatic light emitted from
the 1lluminator to display a color image.

BACKGROUND ART

10002] Heretofore, there have been proposed projector
type 1mage display apparatuses in which white light is
separated by color separation mirrors (dichroic mirror) into
components of three primary colors: red (R), green (G) and
blue (B) and these R, G and B light components are incident
upon three 1mage display panels, such as liquid crystal
display (LCD) panel, respectively, the light components
having passed through the 1mage display panels are com-
bined to produce synthetic light, and the synthetic light 1s
projected onto a screen.

0003] In the above projector type image display appara-
tuses, 1t 1s possible to adjust the white chromaticity or white
balance of the projected light by adjusting the ratio in
amount among the primary-color light components. One of
the methods of adjusting the ratio 1 amount among the
primary-color light components 1s to vary the electrically
driven level of the display device for each primary-color
channel from one channel to another.

[0004] However, this method is not advantageous in that it
1s necessary to lower the electrically driven level of the
display device for a channel to be attenuated and the contrast
of the channel for which the driven level has been lowered
will be lower.

[0005] To prevent the contrast from being lower, it has
been proposed to provide a transmissive filter such as ND
(neutral density) filter in the optical path of a channel to be
attenuated. In this case, the contrast can be made higher than
by the above-mentioned electrical adjustment since 1t 1s
unnecessary to lower the electrically driven level of the
display device for any channel not to be attenuated.

[0006] However, the above method needs as many optical
attenuation means such as ND filters as the channels to be
attenuated, which will result 1n a complicated construction
of the apparatus, that 1s, in a larger number of parts and
number of manufacturing steps. Also, it 1s not expectable
that an 1mage can be displayed with any higher contrast than
that which can be assured when the electrically driven level
of the liquid crystal panels 1s not lowered.

[0007] Therefore, there have not yet been implemented
any 1lluminator and projector type 1image display apparatus,
simply constructed and capable of adjusting the white chro-
maticity of a projected light and displaying an image with an
improved contrast.

DISCLOSURE OF THE INVENTION

[0008] Accordingly, the present invention has an object to
overcome the above-mentioned drawbacks of the related art
by providing an 1lluminator and projector type image display
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apparatus, simply constructed and capable of adjusting the
white chromaticity of a projected light and displaying an
image with an improved contrast.

[0009] The above object can be attained by providing an
illuminator which emits trichromatic light including com-
ponents whose wavelengths correspond to three primary
colors, respectively, the apparatus including according to the
present 1nvention:

[0010] a light source to emit the trichromatic light;
and
[0011] a wavelength-selective optical aperture filter

formed from a plurality of lens elements, being
provided at the side of the light source from which
the trichromatic light goes out, and which consists of
zones working as predetermined optical apertures, of
which one selectively attenuates or shields a com-
ponent of the trichromatic light, whose wavelength
corresponds to at least one of the three primary
colors, while the other zones allow the light compo-
nents whose wavelengths correspond to the other
primary colors to pass through.

[0012] The illuminator constructed as above uses the
wavelength-selective optical aperture filter formed from a
spectral filter such as a dichroic filter designed to have an
optical aperture variable correspondingly to a wavelength of
illumination light, and can thus limit a component of the
illumination light, whose wavelength corresponds to a spe-
cific primary color, and freely adjust the intensity of that
primary-color light.

[0013] Also the above object can be attained by providing
an 1lluminator which emits trichromatic light including
components whose wavelengths correspond to three primary
colors, respectively, the apparatus including according to the
present 1nvention:

(0014

[0015] a pair of fly-eye lenses each formed from a
plurality of lens elements and which separates the
trichromatic light emitted from the light source mto
primary-color light components and allows the sepa-
rated primary-color light components to pass
through the plurality of lens elements, thereby uni-
formizing the trichromatic light output; and

[0016] a wavelength-selective optical aperture filter
provided adjacent to one of the fly-eye lenses that 1s
farther from the light source and which consists of
zones working as predetermined apertures, of which
one selectively attenuates or shields a component of
the trichromatic light, whose wavelength corre-
sponds to at least one of the three primary colors,
while the other zones allow the light components
whose wavelengths correspond to the other primary
colors to pass through.

a light source to emit the trichromatic light;

[0017] The illuminator constructed as above uses the
wavelength-selective optical aperture filter formed from a
spectral filter such as a dichroic filter designed to have an
optical aperture variable correspondingly to a wavelength of
illumination light, and can thus limit a component of the
illumination light, whose wavelength corresponds to a spe-
cific primary color, and freely adjust the intensity of that
primary-color light.
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[0018] Also the above object can be attained by providing
a projector type 1mage display apparatus including accord-
ing to the present invention:

[0019] an illuminator including:
[0020] a light source to emit trichromatic light; and
[0021] a wavelength-selective optical aperture fil-

ter provided at the side of the light source from
which the trichromatic light goes out and which
consists of zones working as predetermined aper-
tures, of which one selectively attenuates or
shiclds a component of the trichromatic light,
whose wavelength corresponds to at least one of
the three primary colors, while the other zones
allow the light components whose wavelengths
correspond to the other primary colors to pass
through; and

[0022] a color separation means for separating the
trichromatic light output from the wavelength-selec-
tive optical aperture filter into components whose
wavelengths correspond to the three primary colors,
respectively;

[0023] three image display panels to modulate,
according to a video signal, the light components
separated by the color separation means and whose
wavelengths correspond to the three primary colors,
respectively;

[0024] a color synthesis means for combining
together the light components modulated by the three
image display panels and whose wavelengths corre-
spond to the three primary colors, respectively, to
produce synthetic light; and

[0025] a projection lens to project the synthetic light
from the color synthesis means onto a screen.

[0026] In the projector type image display apparatus con-
structed as above, the illuminator uses the wavelength-
selective optical aperture filter formed from a spectral filter
such as a dichroic filter designed to have an optical aperture
variable correspondingly to a wavelength of illumination
light, and thus can limit a component of the 1llumination
light, whose wavelength corresponds to a specific primary
color, and freely adjust the intensity of that light.

[0027] Also the above object can be attained by providing
a projector type 1mage display apparatus including accord-
ing to the present mvention:

[0028] an illuminator including:
[0029] a light source to emit trichromatic light;
[0030] a pair of fly-eye lenses each formed from a

plurality of lens elements and which separates the
trichromatic light emitted from the light source
into primary-color light components and allows
the separated primary-color light components to
pass through the plurality of lens eclements,
thereby uniformizing the trichromatic light output;
and

[0031] a wavelength-selective optical aperture fil-
ter provided adjacent to one of the fly-eye lenses
that 1s farther from the light source and which
consists of zones working as predetermined aper-
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tures, of which one selectively attenuates or
shiclds a component of the trichromatic light,
whose wavelength corresponds to at least one of
the three primary colors, while the other zones
allow the light components whose wavelengths
correspond to the other primary colors to pass
through; and

[0032] means for splitting the trichromatic light out-
put from the wavelength-selective optical aperture
filter into components whose wavelengths corre-
spond to the three primary colors, respectively;

[0033] three 1image display panels to modulate,
according to a video signal, the light components
separated by the color separation means and whose
wavelengths correspond to the three primary colors,
respectively;

[0034] a color synthesis means for combining
together the light components modulated by the three
1image display panels and whose wavelengths corre-
spond to the three primary colors, respectively, to
produce synthetic light; and

[0035] a projection lens to project the synthetic light
from the color synthesis means onto a screen.

[0036] In the projector type 1mage display apparatus con-
structed as above, the illuminator uses the wavelength-
selective optical aperture filter formed from a spectral filter
such as a dichroic filter designed to have an optical aperture
variable correspondingly to a wavelength of 1llumination
light, and thus can limit a component of the 1llumination
light whose wavelength corresponds to a specific primary
color, and freely adjust the intensity of that primary-color
light.

[0037] These objects and other objects, features and
advantages of the present invention will become more
apparent from the following detailed description of the best
mode for carrying out the present imnvention when taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 shows an example construction of the
optical system of the liquid crystal projector according to the
present 1nvention.

[10039] FIG. 2 explains the fly-eye lenses and wavelength-
selective optical aperture {ilter.

10040] FIG. 3 is a plan view, from the lamp, of the
wavelength-selective optical aperture filter in FIG. 1.

10041] FIG. 4 shows the relation between the wavelength
and transmittance of a wavelength-selective optical aperture
filter which allows the rays of light of all primary colors to
pass through.

10042] FIG. 5 shows the relation between the wavelength
and transmittance of a wavelength-selective optical aperture
filter which allows only the red light to pass through.

10043] FIG. 6 shows the liquid crystal projector set to pass
the blue and green rays of light only through the zone A and
thus attenuate the intensity of the rays of light.

10044] FIG. 7 shows the optical path for the red light.
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10045] FIG. 8 is a plan view of the wavelength-selective
optical aperture filter zoned for approximate correspondence
to the elements of the fly-eye lens.

10046] FIG. 9is a plan view of an example division of the
wavelength-selective optical aperture filter into three zones.

10047] FIG. 10 is a plan view of an example mosaic
zoning of the wavelength-selective optical aperture filter.

10048] FIG. 11 is a plan view of an example wavelength-
selective optical filter provided at random 1n each sub-zone.

10049] FIG. 12 shows the construction of a variant of the
liquad crystal projector according to the present invention in
which the fly-eye lenses and PS converter are omitted and a
wavelength-selective optical aperture filter 1s formed on the
main side of the main condenser lens.

10050] FIG. 13 shows the construction of another variant
of the liquid crystal projector according to the present
invention 1n which the optical path lengths are equalized
using mirrors 1n place of the relay lens.

10051] FIG. 14 shows the construction of a still another
vartant of the liquid crystal projector according to the
present mnvention in which light components having primary
colors are combined together using mirrors 1n lieu of the
Cross prism.

10052] FIG. 15 shows the construction of a yet another
vartant of the liquid crystal projector according to the
present 1nvention in which there 1s provided an optical
system using a reflecting liquid crystal panel.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0053] The embodiments of the present invention will be
described below with reference to the accompanying draw-
Ings.

[0054] Referring now to FIG. 1, there is illustrated the

projector type 1mage display according to the present inven-
fion. The projector type 1mage display apparatus will be
referred to as “liquid crystal projector” hereunder. As shown,
the liquid crystal projector includes an 1lluminator 2 which
emits 1llumination light including components having three
primary colors, respectively, and an optical system which
includes a main condenser lens 6, dichroic mirrors 7 and 8,
mirrors 11, 15 and 17, channel condenser lenses 9, 12 and
18, relay lenses 14 and 16, cross prism 20 and a projection
lens 21 and separates the 1llumination light emitted from the
illuminator 2 into the light components having three primary
colors: green (G), blue (B) and red (R), respectively, and
cguide them to the liquid crystal panels 10, 13 and 19.

[0055] The optical system including the illuminator 2,
liquad crystal panels 10, 13 and 19, main condenser lens 6,
etc. 1s provided 1n an enclosure.

[0056] The illuminator 2 includes a lamp 1 to emit trichro-
matic light, a pair of fly-eye lenses 3 and 4 to uniformize the
illumination distribution of the light components having
three primary colors, a PS converter 5 to equalize polarized
ones of the red, green and blue light components, and a
wavelength-selective optical aperture filter 22.

[0057] The lamp 1 emits an illumination light including
components having three primary colors: R, G and B,
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respectively, required for display of a color image. The lamp
1 includes a light emitter, which 1s not shown 1n the figure,
to emit illumination light including components having
three primary colors, respectively, and a reflector, which 1s
not shown in the figure, to reflect and gather the light
components emitted from the light emitter. The light emaitter
1s an ultra-high voltage mercury lamp, halogen lamp, metal
halide lamp or a xenon lamp, for example. The reflector
should preferably be shaped for an improved etficiency of
light condensation. For example, it should have a rotation-
symmeftrical surface like a revolution-paraboloidal mirror or

the like.

[0058] The fly-eye lenses 3 and 4 illuminates the effective
arca, namely, display area, of each of the liquid crystal
panels 10, 13 and 19 by equalizing the illumination distri-
bution of the light components emitted from the lamp 1 as
shown 1n FIG. 2. The fly-eye lens 1s also called “micro lens
array”. Specifically, the fly-eye lens 1s a matrix combination
of a plurality of convex lenses bemng small lens elements.
The effective areas of the liquid crystal panels 10, 13 and 19
are uniformly illuminated with the 1llumination light emaitted
from the lamp 1 and passed through each lens element of the
fly-eye lens 3 positioned at the side of the lamp 1 and also
through a corresponding lens element of the fly-eye lens 4.
Therefore, even 1f the light going out from the lamp 1 has a
constant 1llumination distribution but the light components
passing through the lens elements of the fly-eye lens 3 are
different 1n 1ntensity from each other, the 1llumination dis-
tribution of the light components combined through the lens
clements of the fly-eye lens 4 can be uniformized. Also 1n
this embodiment, each of the fly-eye lenses 3 and 4 1s flat at
one of the main sides thereof and convex at the other main
side having the lens elements, and they are positioned so that
the flat surfaces of the lenses 3 and 4 are opposite to each
other.

[0059] The PS converter 5 equalizes the polarized com-
ponents of the illumination light for effective utilization of
the 1llumination light emitted from the lamp 1. The PS
converter 5 1mcludes a A/2 plate, polarizing beam splitter
(PBS), etc. The PS converter 5 converts a P-polarized light
into an S-polarized light for example while allowing the
S-polarized light of the incident illumination light to pass
through. Thus 1t can convert all the components of the
illumination light 1into S-polarized light components. In an
illuminator for use with liquid crystal panels upon which
such polarized light 1s incident, the PS converter 5 1is
provided to improve the brightness by equalizing the polar-
1zed components of the light illuminating the liquid crystal
panels.

[0060] The wavelength-selective optical aperture filter 22
1s a spectral filter such as a dichroic filter designed so that
cach of the zones thereof variable 1n transmittance depend-
ing upon the wavelength of illumination light will work as
an optical aperture. As the diameter of the optical aperture
varies depending upon the wavelength of 1llumination light,
the wavelength-selective optical aperture filter 22 changes
the F value which 1s a brightness index of the 1llumination
light, for thereby adjusting the wavelength by intensity
attenuation as desired. The wavelength-selective optical
aperture filter 22 1s provided at the flat-surface side of the
fly-eye lens 4 corresponding to the pupil’s position of the
illumination optical system. It has zones different in trans-
mittance from each other correspondingly to the wavetforms

Petitioner Ex 1005 012



US 2003/0189693 Al

of components of the illumination light along the profile of
the lens elements of the fly-eye lens 4. The “F value”
referred to herein 1s a value inversely proportional to the
aperture diameter, namely, to the brightness of the illumi-
nation light.

[0061] The main condenser lens 6 is a convex lens to
cgather the 1llumination light passed through the PS converter
5. It works with the channel condenser lense 9, 12 and 18 to
cgather and direct the light components having primary
colors, respectively, upon the liquid crystal panels 10, 13 and

19.

[0062] The dichroic mirror 7 is provided to split the
illumination light coming through the fly-eye lens 3, wave-
length-selective optical aperture filter 22, fly-eye lens 4, PS
converter and main condenser lens 6 i1nto blue light 23
having a wavelength corresponding to the blue among the
three primary colors and light components having wave-
lengths corresponding to other primary colors.

[0063] This liquid crystal projector has provided therein
the mirror 11, channel condenser lens 12 and the liquid
crystal panel 13 1n this order along the optical path of the
blue light 23 split by the dichroic mirror 7 from the 1llumi-
nation light.

[0064] The mirror 11 reflects the blue light 23 split by the

dichroic mirror 7 from the illumination light toward the
liquid crystal panel 13.

[0065] The channel condenser lens 12 gathers and directs
the blue light 23 reflected from the mirror 11 upon the liquid
crystal panel 13.

[0066] The liquid crystal panel 13 spatially modulates the
blue light 23 incident thereupon through the mirror 11 and
channel condenser lens 12 according to a video signal
corresponding to the blue.

[0067] The liquid crystal projector has the dichroic mirror
8 provided along the optical path of the light components
having the wavelengths corresponding to the other primary
colors and split by the dichroic mirror 7 from the 1llumina-
tion light.

[0068] The dichroic mirror 8 splits the incident light
components having the wavelengths corresponding to the
other primary colors mto a green light 24 having the
wavelength corresponding to the green and a red light 25
having the wavelength corresponding to the red.

0069] The liquid crystal projector has provided therein
the channel condenser lens 9 and liquid crystal panel 10 1n
this order along the optical path of the green light 24 split by
the dichroic mirror 8 from the i1llumination light.

[0070] The channel condenser lens 9 gathers and directs
the green light 24 split by the dichroic mirror 8 from the
1llumination light upon the liquid crystal panel 10.

[0071] The liquid crystal panel 10 spatially modulates the
oreen light 24 1ncident thereupon through the channel con-
denser lens 9 according to a video signal corresponding to
orecen. The green light thus spatially modulated passes
through the liquid crystal panel 10.

[0072] The liquid crystal projector has provided therein
the relay lens 14, mirror 15, relay lens 16, mirror 17, channel
condenser lens 18 and liquid crystal panel 19 in this order
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along the optical path of the red light 25 split by the dichroic
mirror 8 from the illumination light.

[0073] the mirror 15 reflects, toward the mirror 17 through
the relay lens 16, the red light 25 split by the dichroic mirror
8 from the illumination light and having come through the
relay lens 14.

[0074] The mirror 17 reflects the red light 25 having come
through the relay lens 16 toward the liquid crystal panel 19.
The liquad crystal panel 19 will spatially modulate the red
light 25 reflected from the mirror 17 and incident thereupon
through the channel condenser lens 18 according to a video
signal corresponding to the red.

[0075] The relay lenses 14 and 16 provided along the
optical path of the red light 25 virtually equalize the optical
path lengths of the blue and green light components 23 and
24 from the lamp 1 to that of the red light 25 which 1s longer.

[0076] Also, the liquid crystal projector has the cross
prism 20 and projection lens 21 provided therein 1n a
position where the optical paths of the blue, green and red
light components 23, 24 and 25 cross each other. The cross
prism 20 combines the blue, green and red light components
23, 24 and 25 together and the projection lens 21 projects the
combined light components coming from the cross prism 20
toward a screen (not shown).

[0077] The cross prism 20 includes an incident face 20a
upon which the blue light 23 1s 1ncident through the liquid
crystal panel 13, an 1ncident face 205 upon which the green
light 24 1s 1ncident through the liquid crystal panel 10, an
incident face 20c upon which the red light 25 1s mcident
through the liquid crystal panel 19, and an outgoing face 20d
opposite to the projection lens 21. The cross prism 20
combines together the primary-color light components 1nci-
dent upon the incident faces 20a, 20b and 20c and allow the
combined light components to go out from the outgoing face

20d.

[0078] The wavelength-selective optical aperture filter 22
will be described 1n further detail herebelow. F1G. 3 1s a plan

view of the filter 22 from the lamp 1, namely, from the
optical axis of the filter 22.

[0079] As shown in FIG. 3, the wavelength-selective
optical aperture filter 22 has zones A and B. The zone A 1s
defined in the center of the filter 22 while the zone B 1is
positioned to surround the zone A. The zones A and B are
different 1n selectivity of the wavelength of the dichroic filter
from each other.

|0080] The wavelength-selective optical aperture filter 22
will functionally be described concerning a case in which
the lamp 1 1s a metal halide lamp or ultra-high voltage
mercury lamp and the zone A of the filter 22 1s characterized
to allow all the blue, green and red light components 23, 24
and 25 to pass through as shown 1n FIG. 4 and the zone B
1s characterized to allow only the red light to pass through
as shown 1n FIG. 5. It should be noted that the metal halide
lamp and ultra-high voltage mercury lamp can emit trichro-
matic light including generally rather greenish and bluish
light components having the wavelengths corresponding to
the green and blue 1n larger amounts than the light having
the wavelength corresponding to the red.

[0081] In case the wavelength-selective optical aperture
filter 22 having the above-mentioned characteristics, the red
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light 25 will pass through all the zones, that 1s, through the
zones A and B mn FIG. 3 while the blue and green light
components 23 and 24 can only pass through the zone A
shown in F1G. 3. Therefore, the zone through which the blue
and green components of the 1llumination light emitted from
the lamp 1 as shown 1n FIG. 6 are allowed to pass is
substantially limited by the wavelength-selective optical
aperture filter 22 to the zone A alone. That 1s, since the
diameter of the optical aperture 1s limited, the F value of the
1llumination light 1s larger than that of the red light. Thus, the
blue and green light components are diverged through a
reduced angle, resulting 1n an intensity attenuation of the
blue and green components. Since the red light can pass
through all the zones A and B as shown 1n F1G. 7, it will be
as bright as that which will be when the wavelength-
selective optical aperture filter 22 1s not provided in the
optical path.

|0082] Therefore, since the wavelength-selective optical
aperture filter 22 attenuates the intensity of the blue and
oreen components when a metal halide lamp or ultra-high
voltage mercury lamp 1s used as the lamp 1, it can adjust the
white balance.

|0083] Next, the advantages of the wavelength-selective
optical aperture filter 22 provided near the fly-eye lens 4 at
the pupil of the 1llumination optical system will be described
herebelow with reference to F1G. 2. It should be noted that
in K1G. 2, there 1s omitted the optical system extending from
the fly-eye lens 4 to the liquid crystal panels 10, 13 and 19.

|0084] Even if the wavelength-selective optical aperture
filter 22 1s not aligned at a zone boundary 22a thereof with
the center of the lens element, a light within paths of rays of
light T, and B, whose main ray of light 1s a ray of light L,
light within paths of rays of light T, and B, whose main ray
of light 1s a ray of light L, and a light within paths of rays
of light T,, and B, whose main ray of light 1s a ray of light
L, will be attenuated 1n intensity 1n the nearly same amount
in a zone 22b which 1s out of alignment with the center of
the lens element. Thus, when the wavelength-selective opti-
cal aperture filter 22 1s provided 1n the vicinity of the fly-eye
lens 4 at the pupil of the 1llumination optical system, light
components directed toward the liquid crystal panels 10, 13
and 19 located 1 different positions can be kept uniform.

0085] Also, when the wavelength-selective optical aper-
ture filter 22 has provided therein portions different in
transmittance correspondingly to ditferent wavelengths and
working as optical apertures, respectively, and which
include a light between the lens elements of the fly-eye
lenses 3 and 4, 1t can maintain the uniformity of the
illumination light and effectively use the space.

[0086] In the liquid crystal projector constructed as above,
cach of the parts provided along the optical path of the
illumination light emitted from the lamp 1 functions as the
light travels along the optical paths, as will be described
below.

[0087] The illumination light emitted from the lamp 1
includes components whose wavelengths correspond to the
three primary colors: red, green and blue, respectively. It 1s
ouided to the fly-eye lens 3. The lens elements of the fly-eye
lens 3 gather and direct the red, green and blue light
components upon the wavelength-selective optical aperture

filter 22.
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|0088] Next, the wavelength-selective optical aperture fil-
ter 22 allows the red component of the incident light to pass
through as 1t 1s while allowing the green and blue compo-
nents not to pass through the zone B but to be incident upon
the fly-eye lens 4. The lens elements of the fly-eye lens 4
cgather the green and blue components, uniformize the 1llu-
mination distributions of the light components, and allow
the components to be incident upon the PS converter 3.

[0089] Next, the PS converter § allows the illumination
light incident thereupon to pass through while converting the
S-polarized light into P-polarized light. Namely, all the
illumination light components are incident as P-polarized
light upon the main condenser lens 6 which will gather and
direct the P-polarized light upon the dichroic mirror 7.

[0090] Next, the dichroic mirror 7 reflects and guides the
blue component of the illumination light incident thereupon
to the mirror 11 while allowing the other primary-color light
components, red and green, to pass through and guide them
to the dichroic mirror 8.

[0091] The mirror 11 reflects and guides the blue light
incident thereupon onto the channel condenser lens 12. Then
the channel condenser lens 12 gathers and directs the blue
light upon the liquid crystal panel 13. The liquid crystal
panel 13 will spatially modulate the blue light according to
a video signal corresponding to the blue. The blue light thus
modulated passes through the liquid crystal panel 13, and 1s
incident upon the cross prism 20 at the incident face 20a.

[0092] On the other hand, the dichroic mirror 8 reflects
and guides the green one of the green and red components
incident thereupon upon the channel condenser lens 9, while
allowing the remaining light, namely, the red light, to pass
through to the relay lens 14.

[0093] The green light incident upon the channel con-
denser lens 9 1s passed to the liquid crystal panel 10 where
it will be spatially modulated according to a video signal
corresponding to the green. The green light thus spatially
modulated 1s passed through the liquid crystal panel 10 to
the 1ncident face 205 of the cross prism 20.

10094] The relay lens 14 allows the red light incident
thereupon to pass through to the mirror 15 which will reflect
the red light toward the relay lens 16. The relay lens 16
allows the red light incident thereupon to pass through to the
mirror 17 which will reflect the incident red light toward the
channel condenser lens 18.

[0095] The channel condenser lens 18 gathers and directs
the red light 25 upon the liquid crystal panel 19 which will
spatially modulate the red light according to a video signal
corresponding to the red. The red light thus modulated is
passed through the liquid crystal panel 19 to the incident
face 20c of the cross prism 20.

[0096] The cross prism 20 combines the incident blue,
oreen and red light components to produce synthetic light
which will go out from the outgoing surface 204 and be
projected onto a screen through the projection lens 21.

[0097] As above, the liquid crystal projector attenuates the
intensity of the light having a speciiic wavelength by lim-
iting the light having that wavelength by the wavelength-
selective optical aperture filter 22, modulates light compo-
nents having the respective wavelengths separated to three
optical paths by the liquid crystal panels for the respective
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wavelengths, and thus displays an 1mage corresponding to
the video signal through the projection lens 21.

[0098] For adjusting the white balance of light compo-
nents projected onto the screen, the liquid crystal projector
has to adjust the ratio 1n i1llumination among the primary
colors. For this adjustment in the 1llumination optical sys-
tem, the present mvention uses, as means for attenuating the
intensity of the one of the primary-color light components
which shows the largest 1llumination, the wavelength-selec-
five optical aperture filter 22 having the zones different in
transmittance from each other correspondingly to the wave-
lengths to limit the light components. That 1s, the liquid
crystal projector can adjust the white balance by the wave-
length-selective optical aperture filter 22 to change the
aperture diameter for each of the wavelengths corresponding
to three primary colors, namely, for each channel and adjust
the ratio in intensity attenuation among the primary-color
light components.

[0099] Since each of the liquid crystal devices such as the
liquad crystal panels 10, 13 and 19 has liquid crystal mol-
ecules slightly angulated, namely, pre-tilted 1n relation
thereto, as the incident light i1s tilted from the vertical
direction 1n relation to the panel surface, the light cannot
spatially be modulated as desired. For example, even when
displaying a dark or black thing, the liquid crystal panels
cannot perfectly intercept light components but allows a
little light to pass through, resulting 1n a bright display and
lower contrast of the image.

[0100] In the liquid crystal projector, since the channel can
be attenuated 1n intensity and limited by the wavelength-
selective optical aperture filter 22, the F value can be made
large, and since the light components are vertically incident
at a reduced angle upon the surfaces of the liquid crystal
panels 10, 13 and 19 to cause the light components to be
diverged through a reduced angle, the image contrast can be
improved.

10101] That is, the liquid crystal projector can adjust the
white balance and also improve the 1mage contrast as having,
been described above.

[0102] As above, the present invention uses, in the illu-
mination optical system, the wavelength-selective optical
aperture filter 22 formed from spectral filters such as a
dichroic filter designed to change the diameter of the optical
aperture correspondingly to the wavelength of illumination
light. The wavelength-selective optical aperture filter 22 can
be set to change the aperture diameter, but 1n this embodi-
ment, only one of the components having a specific wave-
length corresponding to a primary color i1s selectively
allowed to pass through the wavelength-selective optical
aperture filter 22 while the light components having wave-
lengths corresponding to the other primary colors are not
allowed to pass through the wavelength-selective optical
aperture filter 22. Therefore, the wavelength-selective opti-
cal aperture filter 22 can limit the primary-color light
components having the specific wavelengths, whereby the
illumination light can freely be attenuated 1n mtensity. Since
the intensity-attenuated channel has a larger F value, the
light components are diverged at a reduced angle and thus a
liquid crystal panel as the display device can display an
image with an improved contrast.

[0103] Since the number of parts used 1s not larger than in
a conventional system using an ND filter for each channel,
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the liquid crystal projector according to the present inven-
fion can be designed less complex and manufactured with
less costs.

[0104] More specifically, since the wavelength-selective
optical aperture filter 22 1s formed from a dichroic coating
provided on the flat side of the fly-eye lens 4, the liquid
crystal projector according to the present invention can be
formed, from a number of parts, not larger than that i1n the
conventional system, with less costs, improved adjustability
of projected white light at chromaticity points and with an
improved 1mage contrast.

[0105] Note that in case the illuminator according to the
present mvention includes the fly-eye lenses 3 and 4 as
shown 1n FIG. 1, the wavelength-selective optical aperture
filter 22 should preferably have smaller zones 31 corre-
sponding to lens elements of the fly-eye lens 4 as shown 1n
FIG. 8. Each of the small zones 31 1s shaped approximately
to the profile of the lens element.

[0106] Note that the grid-like small zone 31 of the wave-
length-selective optical aperture filter 22 shown 1 FIG. 8
corresponds to each element of the fly-eye lens 4, namely,
the wavelength-selective optical aperture filter 22 1s zoned
correspondingly to the profile of each lens element of the
fly-eye lens 4. Thus, the wavelength-selective optical aper-
ture filter 22 functions effectively as mentioned above.

[0107] By zoning the wavelength-selective optical aper-
ture filter 22 as above, 1t 1s possible to further improve the
distribution uniformity of the 1llumination light through the
wavelength-selective optical aperture filter 22 and fly-eye
lens 4 as will be seen from FI1G. 2. Owing to such zoning of
the wavelength-selective optical aperture filter 22, the 1nten-
sity attenuation of a specific channel will not cause the
on-screen picture to be colored unevenly.

[0108] Also in the illuminator, in case the fly-eye lenses 3
and 4 are used, the above effects can be attained without
degradation in uniformity of any projected picture by opti-
cally limiting the light through each of the lens elements of
the fly-eye lens 4.

[0109] The liquid crystal projector according to the
present 1nvention has been described concerning the
embodiment 1n which the wavelength-selective optical aper-
ture filter 22 consists of the zones A and B as shown 1n FIG.
3. However, the number of the zones of the wavelength-
selective optical aperture filter 22 1s not limited to two as
above but may be three as shown 1 FIG. 9. Accordingly, the
diameter of the optical aperture can be adjusted subtly for
cach channel.

[0110] In case a metal halide lamp or high-voltage mer-
cury lamp 1s used as the lamp 1, for example, the green and
blue light components are intenser than the red light as
having been described above, and the green light 1s intensest
when the visibility of the light components 1s taken in
consideration.

[0111] As shown in FIG. 9, the wavelength-selective
optical aperture filter 22 consists of three zones C, D and E.
The zone C 1s positioned nearly 1n the center of the filter 22,
the zone D surrounds the zone C, and further the zone E
surrounds the zone D. For example, the wavelength-selec-
tive optical aperture filter 22 1s so set that the generally
central zone C allows all the red, green and blue light
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components to pass through, the zone D allows only the blue
light to pass through, and the zone E allows only the red light
to pass through.

[0112] The above wavelength-selective optical aperture
filter 22 limits the diameter of the optical aperture in three
steps correspondingly to the wavelengths. Namely, it pro-
vides a smallest optical aperture for the green light to be
attenuated most in 1ntensity and a next smallest optical
aperture for the blue light to be attenuated 1n intensity 1n an
amount next to that for the green light, and thus allows the
red light which should not be attenuated 1n intensity to pass
through as 1t is.

[0113] Thus, when the metal halide lamp or high-voltage
mercury lamp 1s used as the lamp 1, the wavelength-
selective optical aperture filter 22 can adjust the white
balance more elaborately by adjusting the intensity-attenu-
ated amount for each of the light components having the
three primary colors.

[0114] Note that correspondingly to the wavelength char-
acteristic of the lamp 1, the zone D of the wavelength-
selective optical aperture filter 22 may of course be set to
allow only the red and green light components to pass
through.

[0115] In the above liquid crystal projector, the zones of
the wavelength-selective optical aperture filter 22 may not
always be shaped rectangular as shown 1mn FIGS. 3, 8 and 9
but they may be shaped like mosaic as shown 1n FI1G. 10 for
example.

|0116] Further, in the above-mentioned liquid crystal pro-
jector, the wavelength-selective optical aperture filter 22
may not be regularly divided into such zones as shown 1n
FIGS. 3, 8 and 10 but filter areas may be formed at random
like each small zone 31 as shown 1n FIG. 11 for example.

[0117] The filter arcas formed at random in each small
zone 31 will be described below. It should be noted however
that a wavelength-selective optical filter 41 will be taken 1n
the following description instead of the wavelength-selec-
tive optical aperture filter 22 since 1t has a different optical
action from the optical aperture when the filter areas are
formed at random like each small zone 31.

0118] The wavelength-selective optical filter 41 includes
the small zones 31 provided at random correspondingly to
the lens elements of the fly-eye lens 4. As having been
described above with reference to FIG. 2, the light having
passed through one lens element of the fly-eye lens 4
illuminates each part of the liquid crystal panel. Since the
fly-eye lens 4 1s designed to superpose the light components
having passed through the lens elements on one another at
the liquid crystal panel to uniformize the illumination dis-
tribution, the wavelength-selective optical filter 41 as a
whole attenuates the light intensity by cutting off the light
having a desired wavelength through each lens element.

[0119] The wavelength-selective optical filter 41 can eas-
1ly make a fine adjustment of the transmittance of the light
having a desired wavelength through adjustment of the
number of the small zones 31 1n which the filter areas are
formed.

10120] By providing the wavelength-selective optical filter
41 1n the above-mentioned liquid crystal projector, it 1s
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possible to easily adjust the white balance as above and
make 1t unnecessary to provide any ND f{ilter for each
channel.

[0121] Note that similar to the wavelength-selective opti-

cal aperture filter 22, the wavelength-selective optical filter
41 1s formed from a dichroic coating provided on the flat
side, or at the periphery, of the fly-eye lens 4.

[0122] Note that the aforementioned fly-eye lenses 3 and
4 are optical means for providing uniform illumination and
the light components having passed through the fly-eye lens
4 are generally parallel to each other.

[0123] Therefore, in an optical system in which the uni-
formity of the i1llumination light is not important, a lamp
which emits generally parallel light may be used mstead of
making the light from the lamp 1 uniform and generally
parallel to each other by the fly-eye lenses 3 and 4. The
existence of the fly-eye lenses 3 and 4 1s not critical to the
implementation of the present invention.

[0124] In the illuminator using the liquid crystal panels for
polarized light components, the PS converter § improves the
brightness of the light by equalizing the polarizing directions
of the light components which illuminate the liquid crystal
panel.

[0125] Therefore, in an optical system in which the bright-
ness of the light 1s not important, the PS converter § may not
be used and thus the existence of the PS converter 5 1s not
critical to the implementation of the present invention.

[0126] Therefore, according to the present invention, the
optical system including the lamp 1 1n the illuminator 2,
fly-eye lenses 3 and 4 and the PS converter 5 as shown 1n
FIG. 1 may be replaced with a lamp which emits generally
parallel light. F1G. 12 shows a variant of the liquid crystal
projector according to the present invention in which the
fly-eye lenses 3 and 4 and the PS converter 5 in FIG. 1 are
not provided but the wavelength-selective optical aperture
filter 22 1s formed on the main side of the main condenser
lens 6. That 1s, 1n the variant of the liquid crystal projector
shown 1n FI1G. 12, the illuminator 2 1s composed of the lamp
1 and the main condenser lens 6 having the wavelength-

selective optical aperture filter 22 formed on the main side
thereof.

[0127] The liquid crystal projector constructed as shown
in FIG. 12 will further be described below concerning the
function of each of the parts thereof provided along the
optical paths of the 1llumination light emitted from the lamp

1.

[0128] The illumination light emitted from the lamp 1
includes components whose wavelengths correspond to the
three primary colors: red, green and blue, respectively. It 1s
ouided to the main condenser lens 6 where 1t will be
cgathered and directed upon the wavelength-selective optical
aperture filter 22 provided on the main side of the main
condenser lens 6.

[0129] Next, the red component of the light incident upon
the wavelength-selective optical aperture filter 22 passes
through the latter as it 1s while the green and blue compo-
nents pass through only the zone A but not through the zone
B. The light thus limited by the filter 22 1s incident upon the
dichroic mirror 7.
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[0130] Next, the blue component of the illumination light
incident upon the dichroic mirror 7 1s reflected by the latter
toward the mirror 11 while the other primary-color compo-
nents, red and green, are passed through the dichroic mirror
7 to the dichroic mirror 8.

[0131] The blue light incident upon the mirror 11 is
reflected by the latter toward the channel condenser lens 12.
It 1s gathered and directed by the channel condenser lens 12
upon the liquid crystal panel 13 where 1t will be spatially
modulated according to a video signal corresponding to the
blue. The blue light thus spatially modulated 1s passed
through the hiquid crystal panel 13 to the incident face 20a
of the cross prism 20.

[0132] On the other hand, the green one of the green and
red light components incident upon the dichroic mirror 8 is
reflected by the latter toward the channel condenser lens 9
while the remaining light having the other primary color,
that 1s, the red light, 1s allowed by the dichroic mirror 8 to
pass through the latter and incident upon the rely lens 14.

[0133] The green light incident upon the channel con-
denser lens 9 1s passed to the liquid crystal panel 10 where
it will be spatially modulated according to a video signal
corresponding to the green. The green light thus spatially
modulated 1s passed through the liquid crystal panel 10 to
the 1ncident face 205 of the cross prism 20.

0134] The red light 25 incident upon the relay lens 14
passes through the latter and 1s reflected by the mirror 15
toward the relay lens 16. The red light 25 thus incident upon
the relay lens 16 passes through the latter and 1s reflected by
the mirror 17 toward the channel condenser lens 18.

[0135] The red light 25 thus incident upon the channel
condenser lens 18 1s gathered and directed upon the liquid
crystal panel 19 where 1t will be spatially modulated accord-
ing to a video signal corresponding to the red. The red light
25 thus spatially modulated 1s passed through the liquid
crystal panel 19 and incident upon the cross prism 20 at the
incident face 20c.

[0136] The blue, green and red components thus incident
upon the cross prism 20 are combined together by the latter
to produce synthetic light which will go out from the cross
prism 20 at the outgoing face 20d. The synthetic light 1s
projected onto the screen through the projection lens 21.

[0137] As having been described in the foregoing, the
liquad crystal projector shown 1n FI1G. 12 can attain the same
cilect as 1n the aforementioned embodiments by limiting the
specific wavelengths by the wavelength-selective optical
aperture filter 22 to attenuate the intensity of the light
components having the wavelengths.

|0138] The liquid crystal projector shown in FIG. 1
includes the relay lenses 14 and 16 to equalize the optical
path lengths. However, the optical system can be constructed
to equalize the optical path lengths without use of the relay
lenses. FIG. 13 shows a variant of the embodiment, 1n which
mirrors are used instead of the relay lenses to equalize the
optical path lengths. Since the use of the mirrors will lead to
a large apparatus than that which uses the relay lenses,
however, the relay lenses should preferably be used 1n case
the apparatus should be small.

10139] The liquid crystal projector shown in FIG. 13
includes a dichroic mirror 51, mirror 52, dichroic mirror 53
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and a mirror 54 1n addition to the dichroic mirrors 7 and 8
included 1n the liquid crystal projector shown i FIG. 1.

[0140] The dichroic mirror 51 functions to split the inci-
dent 1llumination light having come via the fly-eye lens 3,
wavelength-selective optical aperture filter 22, fly-eye lens
4, PS converter 5 and the main condenser lens 6 into a red
light 25 whose wavelength corresponds to the red and light
components whose wavelengths correspond to the other
primary colors.

[0141] The mirror 52 reflects, toward the dichroic mirror
53, the light components having the wavelengths corre-
sponding to the other primary colors and split by the dichroic
mirror 51 from the 1llumination light.

[0142] The dichroic mirror 53 functions to split the light
components having the wavelengths corresponding to the
other primary colors reflected from the mirror 52 into a blue
light 23 having the wavelength corresponding to the blue
and a light having another color, that 1s, a green light 24
having the wavelength corresponding to the green.

[0143] The mirror 54 reflects the blue light 23 split by the
dichroic mirror 533 toward the channel condenser lens 9

while reflecting, toward the mirror 15, the red light 25 split
by the dichroic mirror 51 from the illumination light.

|0144] The liquid crystal projector constructed as shown
in FIG. 13 will further be described below concerning the
function of each of the parts thereof provided along the
optical paths of the illumination light emitted from the lamp

1.

[0145] The illumination light emitted from the lamp 1
includes components whose wavelengths correspond to the
three primary colors: red, green and blue, respectively. It 1s
ouided to the main condenser lens 6 which will gather and
direct 1t upon the wavelength-selective optical aperture filter
22 provided on the main side of the main condenser lens 6.

[0146] Next, the red component of the light incident upon
the wavelength-selective optical aperture filter 22 passes
through the latter as it 1s while the green and blue compo-
nents thereof cannot pass through the zone B. The light thus

limited by the filter 22 1s incident upon the dichroic mirror
S1.

[0147] Next, the red component of the illumination light
incident upon the dichroic mirror 51 is reflected by the latter
toward the mirror 54 while other light components, that is,
the red and green components, are passed through the
dichroic mirror 51 to the mirror 52.

[0148] The blue and green components incident upon the
mirror 52 are reflected by the latter toward the dichroic
mirror 33. The green one of the blue and green components
incident upon the dichroic mirror 53 1s reflected by the latter
toward the mirror 54 while the other component, namely, the
blue component, passes through the dichroic mirror 53 and
1s guided to the mirror 11.

[0149] The blue light incident upon the mirror 11 is
reflected by the latter toward the channel condenser lens 12.
It 1s gathered and directed by the channel condenser lens 12
upon the liquid crystal panel 13 where 1t will be spatially
modulated according to a video signal corresponding to the
blue. The blue light thus spatially modulated 1s passed
through the liquid crystal panel 13 to the incident face 20a
of the cross prism 20.
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[0150] On the other band, the green light incident upon the
mirror 54 1s reflected by the latter toward the channel
condenser lens 9 toward the liquid crystal panel 10. The
oreen light thus mcident upon the liquid crystal pane 9 will
be spatially modulated according to a video signal corre-
sponding to the green. The green light thus spatially modu-
lated 1s passed through the liquid crystal panel 10 to the
incident face 20b of the cross prism 20.

|0151] The red light incident upon the mirror 54 is
reflected by the mirrors 54, 15 and 17 1n this order toward
the channel condenser lens 18.

0152] The red light 25 thus incident upon the channel

condenser lens 18 1s passed to the liquid crystal panel 19
where 1t will be spatially modulated according to a video
signal corresponding to the red. The red light thus spatially
modulated 1s passed through the liquid crystal panel 19 to
the 1ncident face 20c of the cross prism 20.

[0153] The blue, green and red light components thus
incident upon the cross prism 20 are combined together by
the cross prism 20 to produce synthetic light which will go
out from the outgoing face 20d and be projected onto the
screen through the projection lens 21.

[0154] As having been described in the foregoing, the
liquad crystal projector shown 1n FI1G. 13 can attain the same
ciiect as 1n the aforementioned embodiments by limiting the
specific wavelengths by the wavelength-selective optical
aperture filter 22 to attenuate the intensity of the light
components having the wavelengths.

[0155] In the liquid crystal projector shown in FIG. 1, the
cross prism 20 1s used to synthesize primary-color light.
However, the primary-color light can be synthesized by the
use of mirrors or the like without using the cross prism 20.
FIG. 14 shows a variant of the liquid crystal projector
according to the present invention, 1n which mirrors are used
instead of the cross prism to synthesize the primary-color
light.

[0156] The liquid crystal projector shown in FIG. 14

includes a mirror 61 and dichroic mirrors 62 and 63 1n place
of the mirrors 15 and 17 and the cross prism 20 included in
the liquid crystal projector shown i FIG. 1.

[0157] The mirror 61 reflects the red light 25 spatially

modulated by the liquid crystal panel 19 toward the dichroic
mirror 63.

|0158] The dichroic mirror 62 reflects the green light 24
spatially modulated by the liquid crystal panel 10 toward the
dichroic mirror 63 and allows the blue light 23 spatially
modulated by the liquid crystal panel 13 to pass through to
the dichroic mirror 63.

[0159] The dichroic mirror 63 allows the red light 25

reflected from the mirror 61 to pass through to the projection
lens 21 while retlecting, toward the projection lens 21, the
oreen light 24 reflected from the dichroic mirror 62 and blue
light 23 having passed through the dichroic mirror 62.

[0160] The liquid crystal projector constructed as shown
in FI1G. 14 will further be described concerning the function
of each of the parts thereof provided along the light paths of
the 1llumination light emitted from the lamp 1.

[0161] The illumination light emitted from the lamp 1
includes components whose wavelengths correspond to
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three primary colors: red, green and blue, respectively, and
it 1s guided to the fly-eye lens 3. The illumination light is
cgathered and directed by the lens elements of the fly-eye lens
3 upon the wavelength-selective optical aperture filter 22.

[0162] Next, the illumination light thus incident upon the
wavelength-selective optical aperture filter 22 has the red
component thereof allowed to pass through but the green
and blue components not allowed to pass through the zone
B but limited by the wavelength-selective optical aperture
filter 22. The 1llumination light 1s then incident upon the
fly-eye lens 4. It 1s gathered, uniformized 1n 1llumination
distribution and directed by the lens elements of the fly-eye
lens 4 upon the PS converter 5.

[0163] Next, the illumination light thus incident upon the
PS converter 5§ has the P-polarized component thereof
allowed to pass through and the S-polarized component
thereof converted into P-polarized light. Namely, the 1llu-
mination light 1s mcident wholly as the P-polarized light
upon the main condenser lens 6 which will gather and direct
the light upon the dichroic mirror 7.

[0164] Next, the illumination light thus incident upon the
dichroic mirror 7 has the blue component thereof reflected
toward the mirror 11 and the other primary-color compo-
nents thereot, that 1s, the red and green components, allowed
to pass through to the dichroic mirror 8.

[0165] The blue light thus incident upon the mirror 11 is
reflected by the mirror 11 toward the channel condenser lens
12. The blue light 1s thus incident upon the channel con-
denser lens 12 and gathered and directed by the latter upon
the liquid crystal panel 13 where i1t will be spatially modu-
lated according to a video signal corresponding to the blue.
The blue light thus spatially modulated 1s passed through the
liquid crystal panel 13 to the dichroic mirror 62. The blue
light thus incident upon the dichroic mirror 62 1s passed
through the dichroic mirror 62, and guided to the dichroic
mirror 63.

[0166] On the other hand, the green one of the green and
red light components incident upon the dichroic mirror 8 is
reflected by the latter toward the channel condenser lens 9,
while the other primary-color one, that 1s, the red light, 1s
passed through the dichroic mirror 8 to the channel con-
denser lens 18.

[0167] The green light incident upon the channel con-
denser lens 9 1s passed to the liquid crystal panel 10 where
it will be spatially modulated according to a video signal
corresponding to the green. The green light thus spatially
modulated passes through the liquid crystal panel 10, and 1s
incident upon the dichroic mirror 62 which will reflect the
oreen light toward the dichroic mirror 63.

[0168] Also, the red light incident upon the channel con-
denser lens 18 1s passed to the liquid crystal panel 19 where
it will spatially be modulated according to a video signal
corresponding to the red. The red light thus spatially modu-
lated 1s passed through the liquid crystal panel 19 to the
mirror 61 which will reflect the incident red light toward the
dichroic mirror 63.

[0169] The blue and green light components incident upon
the dichroic mirror 63 are reflected by the latter toward the
projection lens 21. The red light passes through the dichroic
mirror 63, and 1s incident upon the projection lens 21. The
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blue, green and red light components are thus combined
together by the dichroic mirror 63 to produce synthetic light
which will be projected onto the screen through the projec-
fion lens 21.

[0170] As above, the liquid crystal projector shown in
FIG. 14 can attain the same effect as in the foregoing
embodiments of the present invention by limiting the spe-
cilic wavelengths by the wavelength-selective optical aper-
ture filter 22 to attenuate the intensity of the light compo-
nents having the wavelengths.

[0171] In the foregoing, the liquid crystal projectors
according to the present invention have been described
concerning the optical system using the transmission type
liquid crystal panels. However, the present invention 1s not
limited to such embodiments but may include an optical
system using reflection type liquid crystal panels. FIG. 15
shows a variant of the liquid crystal projector using reflec-
tion type liquid crystal panels 75, 76 and 77 and which can
also attain the same effect as in the aforementioned embodi-
ments.

10172] The liquid crystal projector shown in FIG. 15

includes an illuminator 2, dichroic mirrors 71 and 72,
mirrors 73 and 74, dichroic mirror 90, channel condenser
lenses 9, 12 and 18, reflection type liquid crystal panels 735,
76 and 77, polarizing beam splitters (PBS) 78, 79 and 80,
cross prism 20, and a projection lens 21. It should be noted
that the same parts as 1n the liquid crystal projector shown
in FIG. 1 are indicated with the same references as in FIG.
1 and will not be described any more 1n the following
description.

10173] The dichroic mirror 71 functions to split the illu-
mination light incident thereupon through the fly-eye lens 3,
wavelength-selective optical aperture filter 22, fly-eye lens
4, PS converter § and main condenser lens 6 mto a blue light
23 having a wavelength corresponding to the blue and other
light components having wavelengths corresponding to the
other primary colors.

10174] 'The dichroic mirror 72 splits the illumination light
incident thereupon through the fly-eye lens 3, wavelength-
selective optical aperture filter 22, fly-eye lens 4, PS con-
verter 5 and main condenser lens 6 into green and red light
components 24 and 25 whose wavelengths correspond to the
red and green, respectively.

10175] 'The above dichroic mirrors 71 and 72 are disposed

orthogonally to each other. More specifically, these dichroic
mirrors 71 and 72 reflect the blue component of the mcident
illumination light toward the mirror 74 while reflecting the
oreen and red light components toward the mirror 73.

[0176] The mirror 73 reflects the green and red light
components reflected from the dichroic mirror 72 toward the
dichroic mirror 90. The mirror 74 reflect, toward the channel
condenser lens 12, the blue component reflected from the
dichroic mirror 8.

[0177] The dichroic mirror 90 is provided to split the
oreen and red light components reflected from the mirror 73
into green light 24 whose wavelength corresponds to the
oreen wavelength and red light 25 whose wavelength cor-
responds to the red.

[0178] The reflection type liquid crystal panel 75 spatially
modules the green light 24 incident thereupon through the
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channel condenser lens 9 and PBS 78 according to a video
signal corresponding to the green, and then reflects the
spatially modulated green light 24.

[0179] The reflection type liquid crystal panel 76 spatially
modules the blue light 23 incident thereupon through the
channel condenser lens 12 and PBS 79 according to a video

signal corresponding to the blue, and then reflects the
spatially modulated blue light 23.

[0180] The reflection type liquid crystal panel 77 spatially
modules the red light 25 incident thereupon through the
channel condenser lens 18 and PBS 80 according to a video
signal corresponding to the red, and then reflects the spa-
fially modulated red light 235.

[0181] The PBS (polarizing beam splitter) 78 splits the

oreen light from the illumination light by reflecting it or
allowing it to pass through according to the polarized green
component. For example, the PBS 78 allows P-polarized
light to pass through while turning the traveling direction of
S-polarized light by 90 degrees by retlecting the S-polarized
light at a reflecting surface tilted 45 degrees 1n relation to the
optical path of the 1llumination light.

[0182] The PBS (polarizing beam splitter) 79 splits the
blue light from the illumination light by reflecting 1t or
allowing 1t to pass through according to the polarized green
component. For example, the PBS 79 allows P-polarized
light to pass through while turning the traveling direction of
S-polarized light by 90 degrees by retlecting the S-polarized
light at a reflecting surface tilted 45 degrees 1n relation to the
optical path of the 1llumination light.

[0183] The PBS (polarizing beam splitter) 80 splits the red
light from the i1llumination light by reflecting 1t or allowing
it to pass through according to the polarized green compo-
nent. For example, the PBS 80 allows P-polarized light to
pass through while turning the traveling direction of S-po-
larized light by 90 degrees by reflecting the S-polarized light
at a reflecting surface tilted 45 degrees 1n relation to the
optical path of the 1llumination light.

|0184] Next, the reflection type liquid crystal projector
constructed as shown 1n FIG. 15 will be described concemn-
ing the function of each of the parts provided along the
optical path of the 1llumination light emitted from the lamp

1.

[0185] The illumination light emitted from the lamp 1
includes components whose wavelengths correspond to the
three primary colors: red, green and blue, respectively. It 1s
cuided to the fly-eye lens 3, gathered and directed by the lens
clements of the fly-eye lens 3 upon the wavelength-selective
optical aperture filter 22.

|0186] Next, the light thus incident upon the wavelength-
selective optical aperture filter 22 has the red component
thereof allowed to pass as 1t 1s through the wavelength-
selective optical aperture filter 22 and the green and blue
components not allowed to pass through the zone B of the
filter 22 but limited by the filter 22. The 1llumination light 1s
then incident upon the fly-eye lens 4. It 1s gathered, uni-
formized 1n 1llumination distribution and directed by the lens
clements of the fly-eye lens 4 upon the PS converter 5.

|0187] Next, the illumination light thus incident upon the
PS converter 5 has the P-polarized component thercof
allowed to pass through the PS converter § and the S-po-
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larized light converted mto P-polarized light. Thus, the
illumination light 1s passed wholly as the P-polarized light to
the main condenser lens 6. It 1s gathered and directed by the
main condenser lens 6 upon the dichroic mirrors 71 and 72.

|0188] Next, the illumination light thus incident upon the
dichroic mirrors 71 and 72 will have the blue component
thereof reflected by the dichroic mirror 73 toward the mirror
74 and the green and red components reflected toward the
mirror 73.

|0189] The blue light incident upon the mirror 74 is
reflected by the latter toward the channel condenser lens 12
which will gather and direct it upon the PBS 79. The blue
light 1s reflected by the PBS 79 toward the reflection type
liquid crystal panel 6. The liquid crystal panel 6 will
spatially modulate the incident blue light according to a
video signal corresponding to the blue, and reflect the blue
light thus spatially modulated toward the PBS 79 which will
allow the blue light to pass through. The blue light 1s
incident upon the cross prism 20 at the incident face 20a.

[0190] On the other hand, the green and red light compo-
nents of the illumination light 1incident upon the mirror 73
are reflected by the latter toward the dichroic mirror 90. The
red light 1s reflected by the dichroic mirror 90 toward the
channel condenser lens 18 while the green light 1s passed
through the dichroic mirror 90 to the channel condenser lens

9.

[0191] The green light thus incident upon the channel
condenser lens 9 1s gathered and directed by the latter upon
the PBS 78 by which it will be reflected toward the reflection
type liquid crystal panel 75. The reflection type liquid crystal
panel 75 spatially modulates the incident green light accord-

ing to a video signal corresponding to the green, and then
reflects 1t toward the PBS 78. The green light 1s passed

through the PBS 78 to the incident dace 20b of the cross
prism 20.

10192] Also, the red light incident upon the channel con-
denser lens 18 1s gathered and directed by the latter upon the
PBS 80 by which it will be reflected toward the reflection
type liquid crystal panel 77. The reflection type liquid crystal
panel 77 spatially modulates the incident red light according,
to a video signal corresponding to the red, and then reflects
it toward the PBS 80. The red light 1s passed through the
PBS 80 to the incident face 20c¢ of the cross prism 20.

[0193] The blue, green and red light components of the
illumination light, incident upon the cross prism 20, are
combined together to produce synthetic light which will got
out from the outgoing face 20d of the cross prism 20 and
projected onto the screen through the projection lens 21.

10194] As above, the reflection type liquid crystal projec-
tor shown 1n FIG. 15 can attain the same effect as in the
aforementioned embodiments by limiting the specific wave-
lengths by the wavelength-selective optical aperture filter 22
to attenuate the 1ntensity of the light components having the
wavelengths.

10195] Further, according to the present invention, there
may be used, as the light bulb, a device to modulate the light
emitted from a light source, such as a spatial light modulator
or the like using a matrix of micro mirrors such as a digital
micro mirror device (DMD), in place of each of the afore-
mentioned reflection type liquid crystal panels.
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[0196] Also, according to the present invention, the wave-
length-selective optical aperture filter 22 1s not provided 1n
any limited position but may be positioned in any position
on the optical axis of the illumination light emitted from the
lamp 1 and where the optical restriction 1s made earlier than
the color separation, that 1s, in a position near the fly-eye
lens 4. The disposition of the filter 22 1n such a position will
attain the aforementioned effect.

[0197] Therefore, in the liquid crystal projector being an
example 1n which the fly-eye lens 1s used as shown in FIG.
1, the wavelength-selective optical aperture filter 22 may be
provided 1n any position on the optical axis of the 1llumi-
nation light and near the fly-eye lens 4 and PS converter §
to attain the aforementioned effect.

[0198] In the aforementioned embodiments, the wave-
length-selective optical aperture filter 1s formed from a
dichroic coating provided on the {fly-eye lens or main
condenser lens. According to the present mvention, how-
ever, 1t 1s not always necessary to provide such a dichroic
coating 1n the optical system but 1n case an imncreased number
of parts will not be any problem, an optical element such as
a flat glass having a filter coated thereon may be provided as
a separate member in the aforementioned predetermined
position, which will also be able to attain the same effect as
having previously been described.

[0199] Also in this case, only one part is additionally
provided for attaining the above effect. Namely, since the
number of parts 1s not larger than 1n the conventional system
in which the ND filter 1s provided for each channel, the
liquid crystal projector according to the present invention
can be manufactured inexpensively without being compli-
cated 1n construction.

[0200] For the improved contrast as one of the effects of
the present mvention, the coating of the wavelength-selec-
tive optical aperture filter may not always be provided on the
surface of the fly-eye lens but may be provided on the front
or rear side of the PS converter 5, front or rear side of the
main condenser lens 6 or the like, for example.

[0201] Note that the present invention is not limited to the
aforementioned embodiments but can be modified appropri-
ately without departing from the scope and spirit thereof.

0202]

0203] The illuminator according to the present invention
1s to emit trichromatic light. It 1s composed of a light source
which emits the trichromatic light, and a wavelength-selec-
tive optical aperture filter provided at the side of the light
source from which the trichromatic light goes out and which
attenuates the intensity of the trichromatic light.

Industrial Applicability

[0204] The illuminator constructed as above according to
the present mvention can use a wavelength-selective optical
aperture filter formed from a spectral filter, such as a
dichroic filter, designed to have the optical aperture diameter
changed correspondingly to the wavelength of the 1llumi-
nation light. Thus, 1t can freely attenuate the intensity of a
light having a specific primary color by limiting the light.

[0205] The projector type image display apparatus accord-
ing to the present invention includes an illuminator com-
posed of a light source which emits light including compo-
nents having three primary colors, and a wavelength-
selective optical aperture filter provided at the side of the
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light source from which the light components having three
primary colors go out and which attenuates the intensity of
the primary-color light components, means for selecting the
intensity-attenuated light components having the three pri-
mary colors and splitting them 1nto the primary-color light
components according to their wavelengths, three 1mage
display panels which modulate the outgoing primary-color
light components separated by the color separation means
from the illumination light, means for combining together
the outgoing primary-color light components modulated by
the 1mage display panels, respectively, and a projection lens
which receives the outgoing light from the color synthesis
means and projecting it onto a screen.

10206] In the projector type image display apparatus con-
structed as above, the 1lluminator includes the wavelength-
selective optical aperture filter formed from a spectral filter,
such as a dichroic filter, designed to have the optical aperture
diameter changed correspondingly to the wavelength of the
illumination light. Thus, 1t can freely attenuate the intensity
of a light of a specific primary color by limiting the light.
Also, m case a liquid crystal panel 1s used as the display
device, an 1mage can be displayed with an 1improved con-
frast.

[0207] Also, since the number of parts is not larger than in
the conventional system 1in which the ND filter 1s provided
for each channel, the projector type 1image display apparatus
according to the present mvention can be manufactured
inexpensively without being complicated 1n construction.

[0208] Therefore, the present invention can provide an
illuminator and projector type image display apparatus,
simply constructed and capable of adjusting the white chro-
maticity of a projected light and displaying an 1image with an
improved contrast.

1. An illuminator which emits trichromatic light including
components whose wavelengths correspond to three primary
colors, respectively, the apparatus comprising:

a light source to emit the trichromatic light; and

a wavelength-selective optical aperture filter provided at
the side of the light source from which the trichromatic
light goes out and which consists of zones working as
predetermined optical apertures, of which one selec-
tively attenuates or shields a component of the trichro-
matic light, whose wavelength corresponds to at least
one of the three primary colors, while the other zones
allow the light components whose wavelengths corre-
spond to the other primary colors to pass through.

2. The apparatus as set forth 1n claim 1, wherein the zones
of the wavelength-selective optical aperture filter corre-
spond to the component of the trichromatic light, having a
wavelength corresponding to the red, green or blue of the
three primary colors.

3. The apparatus as set forth in claim 1, further comprising
a pair of fly-eye lenses formed from a plurality of lens
clements, being provided along the outgoing direction of the
trichromatic light from the light source, and which separates
the trichromatic light emitted from the light source into
primary-color light components and allows the separated
primary-color light components to pass through the a plu-
rality of lens elements, thereby uniformizing the trichro-
matic light output,

Oct. 9, 2003

the wavelength-selective optical aperture filter being pro-
vided adjacent to one of the pair of fly-eye lenses that
1s farther from the light source.

4. The apparatus as set forth 1n claim 3, wherein:

one of the main surfaces of the pair of fly-eye lenses that
1s farther from the light source 1s formed flat; and

the wavelength-selective optical aperture filter 1s formed
on the flat surface of the fly-eye lens farther from the
light source.

5. The apparatus as set forth in claim 3, wherein the
wavelength-selective optical aperture filter has the zones
formed correspondingly to the lens elements of the pair of

fly-eye lenses.

6. The apparatus as set forth in claim 1, wherein the
wavelength-selective optical aperture filter has the zones
formed correspondingly to the light components whose
wavelengths correspond to the three primary colors: red,
oreen and blue, respectively.

7. The apparatus as set forth 1in claim 1, wherein:

the light source 1s a metal halide lamp or ultra-high
voltage mercury lamp; and

the zones of the wavelength-selective optical aperture
filter attenuate or shield the light components whose
wavelengths correspond to the green and/or blue.

8. An 1lluminator which emits trichromatic light including,
components whose wavelengths correspond to three primary
colors, respectively, the apparatus comprising:

a light source to emit the trichromatic light;

a pair of fly-eye lenses each formed from a plurality of
clements and which separates the trichromatic light
emitted from the light source into primary-color light
components and allows the separated primary-color
light components to pass through the plurality of lens
clements, thereby uniformizing the trichromatic light
output; and

a wavelength-selective optical aperture {filter provided
adjacent to one of the fly-eye lenses that 1s farther from
the light source and which consists of zones working as
predetermined optical apertures, of which one selec-
tively attenuates or shields a component of the trichro-
matic light, whose wavelength corresponds to at least
one of the three primary colors, while the other zones
allow the light components whose wavelengths corre-
spond to the other primary colors to pass through.

9. The apparatus as set forth mn claim 8, wherein the
wavelength-selective optical aperture filter has the zones
formed at random correspondingly to the lens elements of
the fly-eye lenses.

10. The apparatus as set forth 1in claim 8, wherein:

one of the main surfaces of the pair of fly-eye lenses that
1s farther from the light source 1s formed flat; and

the wavelength-selective optical aperture filter 1s formed
on the flat surface of the fly-eye lens that 1s farther from
the light source.

11. The apparatus as set forth 1in claim 8, wherein the
wavelength-selective optical aperture filter has the zones
formed correspondingly to the lens elements of the pair of
fly-eye lenses.
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12. The apparatus as set forth 1n claim 8, wherein:

the light source 1s a metal halide lamp or ultra-high
voltage mercury lamp; and

the zones of the wavelength-selective optical aperture
filter attenuate or shield the light components whose
wavelengths correspond to the green and/or blue.

13. A projector type 1image display apparatus comprising:
an 1lluminator including:

a light source to emit trichromatic light; and

a wavelength-selective optical aperture filter provided
at the side of the light source from which the
trichromatic light goes out and which consists of
zones working as predetermined optical apertures, of
which one selectively attenuates or shields a com-
ponent of the trichromatic light, whose wavelength
corresponds to at least one of the three primary
colors, while the other zones allow the light compo-
nents whose wavelengths correspond to the other
primary colors to pass through; and

a color separation means for separating the trichromatic
light output from the wavelength-selective optical aper-
ture filter 1nto components whose wavelengths corre-
spond to the three primary colors, respectively;

three 1mage display panels to modulate, according to a
video signal, the light components separated by the
color separation means and whose wavelengths corre-
spond to the three primary colors, respectively;

a color synthesis means for combining together the light
components modulated by the three image display
panels and whose wavelengths correspond to the three
primary colors, respectively, to produce synthetic light;
and

a projection lens to project the synthetic light from the
color synthesis means onto a screen.

14. The apparatus as set forth m claim 13, wherein the
zones of the wavelength-selective optical aperture filter
correspond to the component of the trichromatic light,
having a wavelength corresponding to the red, green or blue
of the three primary colors.

15. The apparatus as set forth 1in claim 13, further com-
prising a pair of fly-eye lenses formed from a plurality of
lens element, being provided along the outgoing direction
the trichromatic light from the light source, and which
separates the trichromatic light emitted from the light source
into primary-color light components and allows the sepa-
rated primary-color light components to pass through the
plurality of lens elements, thereby uniformizing the trichro-
matic light output.

the wavelength-selective optical aperture filter being pro-
vided adjacent to one of the pair of fly-eye lenses that
1s farther from the light source.

16. The apparatus as set forth 1n claim 15, wherein:

one of the main surfaces of the pair of fly-eye lenses that
1s farther from the light source 1s formed flat; and

the wavelength-selective optical aperture filter 1s formed
on the flat surface of the fly-eye lens farther from the
light source.

13
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17. The apparatus as set forth 1 claim 15, wherein the
wavelength-selective optical aperture filter has the zones
formed correspondingly to the lens elements of the pair of
fly-eye lenses.

18. The apparatus as set forth 1 claim 13, wherein the
wavelength-selective optical aperture filter has the zones
formed correspondingly to the light components whose
wavelengths correspond to the three primary colors: red,
oreen and blue, respectively.

19. The apparatus as set forth 1n claim 13, wherein:

the light source 1s a metal halide lamp or ultra-high
voltage mercury lamp; and

the zones of the wavelength-selective optical aperture
filter attenuate or shield the light components whose
wavelengths correspond to the green and/or blue.

20. The apparatus as set forth i claim 13, wherein the
image display panels are liquid crystal panels.

21. A projector type 1image display apparatus comprising:
an 1lluminator including:
a light source to emit trichromatic light;

a pair of fly-eye lenses each formed from a plurality of
lens elements and which separates the trichromatic
light emitted from the light source 1nto primary-color
light components and allows the separated primary-
color light components to pass through, thereby
uniformizing the trichromatic light output; and

a wavelength-selective optical aperture filter provided
adjacent to one of the fly-eye lenses that 1s farther
from the light source and which consists of zones
working as predetermined optical apertures, of
which one selectively attenuates or shields a com-
ponent of the trichromatic light, whose wavelength
corresponds to at least one of the three primary
colors, while the other zones allow the light compo-
nents whose wavelengths correspond to the other
primary colors to pass through the plurality of lens
elements; and

means for splitting the trichromatic light output from the
wavelength-selective optical aperture {filter mto com-
ponents whose wavelengths correspond to the three
primary colors, respectively;

three 1mage display panels to modulate, according to a
video signal, the light components separated by the
color separation means from the i1llumination light and
whose wavelengths correspond to the three primary
colors, respectively;

a color synthesis means for combining together the light
components modulated by the three 1mage display
panels and whose wavelengths correspond to the three
primary colors, respectively, to produce synthetic light;
and

a projection lens to project the synthetic light from the
color synthesis means onto a screen.

22. The apparatus as set forth i claim 21, wherein the
wavelength-selective optical aperture filter has the zones
formed at random correspondingly to the lens elements of
the fly-eye lenses.
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23. The apparatus as set forth in claim 21, wherein:

one of the main surfaces of the pair of fly-eye lenses that
1s farther from the light source 1s formed flat; and

the wavelength-selective optical aperture filter 1s formed
on the flat surface of the fly-eye lens farther from the

light source.
24. The apparatus as set forth in claim 21, wherein the

wavelength-selective optical aperture filter has the zones
formed correspondingly to the light components whose
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wavelengths correspond to the three primary colors: red,

oreen and blue, respectively.
25. The apparatus as set forth 1n claim 22, wherein:

the light source 1s a metal halide lamp or ultra-high
voltage mercury lamp; and

the zones of the wavelength-selective optical aperture
filter attenuate or shield the light components whose
wavelengths correspond to the green and/or blue.

G ex e = x
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