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(57) ABSTRACT 

An optical illumination apparatus has a polarization conver 
sion device for converting light from a light source into light 
polarized uniformly in a predetermined manner and an 
optical integrator system for illuminating a display panel 
With the light polarized in the predetermined manner. The 
polarization conversion device splits the light from the light 
source into a ?rst light beam and a second light beam in such 
a Way that the ?rst and second light beams are polarized in 
different manners, and then converts one of the ?rst and 
second light beams into light polarized in the identical 
manner as the other light beam. Moreover, the ?rst and 
second light beams pass through an identical lens cell of a 
?rst lens array of the optical integrator system and are 
imaged on an identical lens cell of a second lens array of the 
optical integrator system. 
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OPTICAL ILLUMINATION APPARATUS 

RELATED APPLICATIONS 

[0001] This application is based on Japanese Patent Appli 
cation No. 2000-120452 ?led on Apr. 21, 2000, the contents 
of Which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to an optical illumi 
nation apparatus for use in an optical display apparatus 
employing a display panel. 

BACKGROUND OF THE INVENTION 

[0003] Conventionally, as a means of displaying images, 
projection-type optical display apparatuses such as projec 
tors are knoWn. Such optical display apparatuses require an 
optical illumination apparatus for ef?ciently and uniformly 
illuminating the optical image formed on a display panel, 
such as a re?ective liquid crystal display panel. FIG. 10 is 
a diagram conceptually shoWing an eXample of the con 
struction of an optical display apparatus employing a con 
ventional optical illumination apparatus. 

[0004] In FIG. 10, reference numeral 101 represents a 
light source, and reference numeral 102 represents a re?ec 
tor disposed so as to partially surround the light source 101. 
A PBS (polarizing beam splitter) prism unit 103 is disposed 
immediately behind the re?ector 102, i.e., on the right side 
thereof in FIG. 10. The PBS prism unit 103 includes a 
plurality of PBS prisms arranged parallel to one another. The 
PBS prism unit 103 splits the light from the light source 101 
into tWo differently polariZed types of light. Of the indi 
vidual PBS prisms 103a and 103b, those Which let out 
S-polariZed light as described later have half-Wave plates 
104 disposed immediately behind them. 

[0005] Behind the PBS prism unit 103 (i.e., on the right 
side thereof in FIG. 10) are disposed, in order of arrange 
ment, a ?rst lens array 105, then someWhat aWay therefrom, 
a second lens array 106, and a superimposing lens 107 
immediately behind it. The ?rst lens array 105 has a plurality 
of lens cells 105a arranged in a rectangular, grid-like array 
having an aspect ratio substantially identical to that of a 
display panel 109 to be described later. Similarly, the second 
lens array 106 also has a plurality of lens cells 106a arranged 
in a rectangular, grid-like array. HoWever, the shape of the 
lens cells 106a of the second lens array 106 is not neces 
sarily geometrically similar to that of the lens cells 105a. 

[0006] The images from the individual lens cells 105a of 
the ?rst lens array 105 are, by the second lens array 106 and 
the superimposing lens 107 disposed immediately behind it, 
superimposed on one another in the vicinity of the focal 
point of the superimposing lens 107. The display panel 109 
is disposed at the focal point of the superimposing lens 107. 
The display panel 109 is illuminated in a telecentric fashion 
by a condenser lens 108 disposed immediately in front of it. 
The components from the ?rst lens array 105 through the 
superimposing lens 107 mentioned above together constitute 
an optical integrator system. It is to be noted that, in all the 
diagrams referred to in the present speci?cation, irrespective 
of Whether they relate to prior-art eXamples or to embodi 
ments of the present invention, light beams are represented 
by their optical aXes alone. 
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[0007] The light emitted from the light source 101 is 
re?ected from the re?ector 102, and is thereby formed into 
a substantially parallel beam and directed to the PBS prisms 
103a of the PBS prism unit 103. Here, P-polariZed light, 
indicated by solid lines P, is transmitted straight through the 
PBS prisms 103a. On the other hand, S-polariZed light, 
indicated by broken lines S, is re?ected inside the PBS 
prisms 103a so as to be directed to the outWardly contiguous 
PBS prisms 103b, and is then re?ected again inside the PBS 
prisms 103b so as to eXit therefrom, still as S-polariZed light. 
That is, by the PBS prism unit 103, the light from the light 
source 101 is split into tWo differently polariZed types of 
light in the direction of the longer sides of the display panel 
109, i.e., in a vertical direction along the plane of the ?gure. 

[0008] The S-polariZed light exiting from the PBS prisms 
103b is transmitted through the half-Wave plates 104 dis 
posed immediately behind the PBS prisms 103b and is 
thereby converted into P-polariZed light. That is, a portion of 
the light from the light source 101 has its polariZation 
converted ?rst by the PBS prisms 103b of the PBS prism 
unit 103 and then by the half-Wave plates 104, and eventu 
ally comes out as uniformly P-polariZed light. This arrange 
ment constitutes a polariZation conversion device. Here, the 
type of light into Which the light from the light source 101 
is converted does not necessarily have to be P-polariZed 
light, but can be of other polariZations. The arrangement 
described thus far, starting With the light source 101 and 
ending immediately in front of the display panel 109, 
constitutes an optical illumination apparatus. 

[0009] The light thus converted into uniformly P-polar 
iZed light is then directed through the above-mentioned 
optical integrator system to the display panel 109. The 
display panel 109 modulates, piXel by piXel, the light it is 
illuminated With according to the display data fed thereto, 
and emits the modulated light. The light thus emitted then 
enters an optical projection system 110. The display data 
presented on the display panel 109 is projected, as an image, 
onto a screen (not shoWn) through this optical projection 
system 110. Reference numeral 110a represents an aperture 
stop disposed in the optical projection system 110. 

[0010] FIG. 11 is a diagram conceptually shoWing another 
eXample of the construction of an optical display apparatus 
employing a conventional optical illumination apparatus. In 
this ?gure, reference numeral 201 represents a light source, 
and reference numeral 202 represents a re?ector disposed so 
as to partially surround the light source 201. Behind the 
re?ector 202 (i.e., on the right side thereof in FIG. 11) are 
disposed, in order of arrangement, a ?rst lens array 203 and, 
then someWhat aWay therefrom, a second lens array 204. 
The ?rst lens array 203 has a plurality of lens cells 203a 
arranged in a rectangular, grid-like array having an aspect 
ratio substantially identical to that of a display panel 209 to 
be described later. Similarly, the second lens array 204 also 
has a plurality of lens cells 204a arranged in a rectangular, 
grid-like array. HoWever, the shape of the lens cells 204a of 
the second lens array 204 is not necessarily geometrically 
similar to that of the lens cells 203a. 

[0011] APBS (polariZing beam splitter) prism array 205 is 
disposed immediately behind the second lens array 204. The 
PBS prism array 205 includes a plurality of PBS prisms 
arranged in an array. The PBS prism array 205 splits the light 
from the light source 201 into tWo differently polariZed types 
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of light. Of the individual PBS prisms 205a and 205b, those 
Which let out S-polariZed light as described later have 
half-Wave plates 206 disposed immediately behind them. 

[0012] A superimposing lens 207 is disposed behind the 
PBS prism array 205. The images of the individual lens cells 
203a of the ?rst lens array 203 are, by the second lens array 
204 and the superimposing lens 207, superimposed on one 
another in the vicinity of the focal point of the superimpos 
ing lens 207. The display panel 209 is disposed at the focal 
point of the superimposing lens 207. The display panel 209 
is illuminated in a telecentric fashion by a condenser lens 
208 disposed immediately in front of it. The ?rst lens array 
203, the second lens array 204, and the superimposing lens 
207 mentioned above together constitute an optical integra 
tor system. 

[0013] The light emitted from the light source 201 is 
re?ected from the re?ector 202, and is thereby formed into 
a substantially parallel beam and passed through the ?rst 
lens array 203 and the second lens array 204, so that the light 
eXiting from the individual lens cells 204a of the second lens 
array 204 enters corresponding ones of the PBS prisms 205a 
of the PBS prism array 205. Here, P-polariZed light, indi 
cated by solid lines P, is transmitted straight through the PBS 
prisms 205a. On the other hand, S-polariZed light, indicated 
by broken lines S, is re?ected inside the PBS prisms 205a so 
as to be directed to the contiguous PBS prisms 205b, and is 
then re?ected again inside the PBS prisms 205b so as to eXit 
therefrom, still as S-polariZed light. 

[0014] The S-polariZed light exiting from the PBS prisms 
205b is then transmitted through the half-Wave plates 206 
disposed immediately behind the PBS prisms 205b and is 
thereby converted into P-polariZed light. That is, a portion of 
the light from the light source 201 has its polariZation 
converted ?rst by the PBS prisms 205b of the PBS prism 
array 205 and then by the half-Wave plates 206, and even 
tually comes out as uniformly P-polariZed light. This 
arrangement constitutes a polariZation conversion device. 
Here, the type of light into Which the light from the light 
source 201 is converted does not necessarily have to be 
P-polariZed light, but can be of other polariZations. The 
arrangement described thus far, starting With the light source 
201 and ending immediately in front of the display panel 
209, constitutes an optical illumination apparatus. 

[0015] The light thus converted into uniformly P-polar 
iZed light is then directed through the superimposing lens 
207 to the display panel 209. The display panel 209 modu 
lates, piXel by piXel, the light it is illuminated With according 
to the display data fed thereto, and emits the modulated light. 
The light thus emitted then enters an optical projection 
system 210. The display data presented on the display panel 
209 is projected, as an image, onto a screen (not shoWn) 
through this optical projection system 210. Reference 
numeral 210a represents an aperture stop disposed in the 
optical projection system 210. 

[0016] In the conventional optical illumination apparatus 
constructed as shoWn in FIG. 10, polariZation conversion is 
performed immediately behind the light source 101. There 
fore, the light emitted from the light source 101 and then 
re?ected from the re?ector 102 has its beam diameter 
enlarged to about tWice its original beam diameter as a result 
of the polariZation conversion. This diminishes the f-number 
of the illumination light Ia that strikes the display panel 109 
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and thus diminishes the f-number of the projection light Ea 
that emanates from the display panel 109, making the burden 
on the optical projection system 110 heavier. 

[0017] On the other hand, in the conventional optical 
illumination apparatus constructed as shoWn in FIG. 11, the 
light emitted from the light source 201 and then re?ected 
from the re?ector 202 experiences no enlargement of its 
beam diameter. Therefore, no diminishing occurs in the 
f-number of the illumination light 1b that strikes the display 
panel 209 nor in the f-number of the projection light Eb that 
emanates from the display panel 209. Thus, no eXtra burden 
is placed on the optical projection system 210. HoWever, the 
light from the light source 201 is not converted into uni 
formly polariZed light until it has passed through the second 
lens array 204. Therefore, in this optical illumination appa 
ratus, no space is available for inserting a polariZation 
dependent color sWitching device such as those used in the 
embodiments of the present invention to be described later. 
That is, this optical illumination apparatus does not permit 
a so-called color sequential illumination method using such 
a color sWitching device. 

SUMMARY OF THE INVENTION 

[0018] An object of the present invention is to provide an 
optical illumination apparatus that causes no diminishing in 
the f-number of illumination light so as to keep the burden 
on an optical projection system minimal and that alloWs 
insertion of a polariZation-dependent color sWitching device. 

[0019] To achieve the above object, according to one 
aspect of the present invention, an optical illumination 
apparatus is provided, including a polariZation conversion 
device for converting light from a light source into light 
uniformly polariZed in a predetermined manner and an 
optical integrator system for illuminating a display panel 
With the light polariZed in the predetermined manner. The 
optical integrator includes a ?rst lens array having a ?rst lens 
cell, and a second lens array having a second lens cell. The 
polariZation conversion device splits the light from the light 
source into a ?rst light beam and a second light beam in such 
a Way that the ?rst and second light beams are polariZed in 
different manners, and then converts one of the ?rst and 
second light beams into light polariZed in an identical 
manner as the other of the ?rst and second light beams. The 
?rst and second light beams pass through the ?rst lens cell 
of the ?rst lens array and are imaged on the second lens cell 
of the second lens array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] This and other objects and features of the present 
invention Will become clear from the folloWing description, 
taken in conjunction With the preferred embodiments With 
reference to the accompanying draWings, in Which: 

[0021] FIG. 1 is a diagram conceptually shoWing an 
eXample of the construction of an optical display apparatus 
employing an optical illumination apparatus embodying the 
invention; 
[0022] FIG. 2 is a diagram conceptually shoWing the 
construction of an optical display apparatus employing an 
optical illumination apparatus of a ?rst embodiment of the 
invention, 
[0023] FIG. 3 is a diagram schematically shoWing an 
eXample of a practical construction of the optical display 
apparatus shoWn in FIG. 2; 
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[0024] FIGS. 4A and 4B are sectional views schemati 
cally showing the structure of a cholesteric liquid crystal 
element; 
[0025] FIG. 5 is a diagram conceptually showing the 
construction of an optical display apparatus employing an 
optical illumination apparatus of a second embodiment of 
the invention; 

[0026] FIG. 6 is a diagram schematically showing an 
eXample of a practical construction of the optical display 
apparatus shown in FIG. 5; 

[0027] FIG. 7 is a sectional view schematically showing 
the structure of a liquid crystal hologram element; 

[0028] FIG. 8 is a diagram conceptually showing the 
construction of an optical display apparatus employing an 
optical illumination apparatus of a third embodiment of the 
invention; 

[0029] FIG. 9 is a diagram schematically showing an 
eXample of a practical construction of the optical display 
apparatus shown in FIG. 8; 

[0030] FIG. 10 is a diagram conceptually showing an 
eXample of the construction of an optical display apparatus 
employing a conventional optical illumination apparatus; 
and 

[0031] FIG. 11 is a diagram conceptually showing another 
eXample of the construction of an optical display apparatus 
employing a conventional optical illumination apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] Hereinafter, embodiments of the present invention 
will be described with reference to the drawings. FIG. 1 is 
a diagram conceptually showing an eXample of the con 
struction of an optical display apparatus employing an 
optical illumination apparatus embodying the invention. In 
FIG. 1, reference numeral 1 represents a light source, and 
reference numeral 2 represents a re?ector disposed so as to 
partially surround the light source 1. A PBS (polariZing 
beam splitter) prism unit 3 is disposed immediately behind 
the re?ector 2, i.e., on the right side thereof in FIG. 1. The 
PBS prism unit 3 includes a plurality of PBS prisms 
arranged parallel to one another. The PBS prism unit 3 splits 
the light from the light source 1 into two differently polar 
iZed types of light. Of the individual PBS prisms 3a and 3b, 
those which let out S-polariZed light have half-wave plates 
4 disposed immediately behind them. 

[0033] Behind the PBS prism unit 3 (i.e., on the right side 
thereof in FIG. 1) are disposed, in order of arrangement, a 
?rst lens array 5, then somewhat away therefrom, a second 
lens array 6, and a superimposing lens 7 immediately behind 
the second lens array 6. The ?rst lens array 5 has a plurality 
of lens cells 5a arranged in a rectangular, grid-like array, 
having an aspect ratio substantially identical to that of a 
display panel 9 to be described later. Similarly, the second 
lens array 6 also has a plurality of lens cells 6a arranged in 
a rectangular, grid-like array. However, the shape of the lens 
cells 6a of the second lens array 6 is not necessarily 
geometrically similar to that of the lens cells 5a. 

[0034] The images from the individual lens cells 5a of the 
?rst lens array 5 are, by the second lens array 6 and the 
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superimposing lens 7 disposed immediately behind it, super 
imposed on one another in the vicinity of the focal point of 
the superimposing lens 7. The display panel 9 is disposed at 
the focal point of the superimposing lens 7. Here, the display 
panel 9 is of a single-panel type that achieves color display 
with a single display panel. Moreover, the display panel 9 is 
illuminated in a telecentric fashion by a condenser lens 8 
disposed immediately in front of it. The components from 
the ?rst lens array 5 through the superimposing lens 7 
constitute an optical integrator system. 

[0035] The light emitted from the light source 1 is 
re?ected from the re?ector 2, and is thereby formed into a 
substantially parallel beam and directed to the PBS prisms 
3a of the PBS prism unit 3. Here, P-polariZed light, indicated 
by solid lines P, is transmitted straight through the PBS 
prisms 3a. On the other hand, S-polariZed light, indicated by 
broken lines S, is re?ected inside the PBS prisms 3a so as 
to be directed to the outwardly contiguous PBS prisms 3b, 
and is then re?ected again inside the PBS prisms 3b so as to 
eXit therefrom, still as S-polariZed light. That is, by the PBS 
prism unit 3, the light from the light source 1 is split into two 
differently polariZed types of light in the direction of the 
longer sides of the display panel 9, i.e., in a vertical direction 
along the plane of the ?gure. 

[0036] The S-polariZed light exiting from the PBS prisms 
3b is transmitted through the half-wave plates 4 disposed 
immediately behind the PBS prisms 3b and is thereby 
converted into P-polariZed light. That is, a portion of the 
light from the light source 1 has its polariZation converted 
?rst by the PBS prisms 3b of the PBS prism unit 3 and then 
by the half-wave plates 4, and eventually comes out as 
uniformly P-polariZed light. This arrangement constitutes a 
polariZation conversion device. Here, the type of light into 
which the light from the light source 1 is converted does not 
necessarily have to be P-polariZed light, but can be of other 
polariZations. The arrangement described thus far, starting 
with the light source 1 and ending immediately in front of 
the display panel 9, constitutes an optical illumination 
apparatus. 

[0037] The light thus converted into uniformly P-polar 
iZed light is then directed through the above-mentioned 
optical integrator system to the display panel 9. The display 
panel 9 modulates, piXel by piXel, the light it is illuminated 
with according to the display data fed thereto, and emits the 
modulated light. The light thus emitted then enters an optical 
projection system 10. The display data presented on the 
display panel 9 is projected, as an image, onto a screen (not 
shown) through this optical projection system 10. Reference 
numeral 10a represents an aperture stop disposed in the 
optical projection system 10. 

[0038] Here, the S-polariZed light indicated by the broken 
lines S is, when re?ected inside the PBS prisms 3b, re?ected 
inwardly with respect to the optical illumination apparatus 
itself That is, of the two types of differently polariZed light 
split by the PBS prism unit 3, the light Pb that is originally 
S-polariZed and then converted by the half-wave plates 4 
into P-polariZed light travels along somewhat inwardly 
inclined paths and then passes through the same lens cells 5a 
of the ?rst lens array 5 as does the light Pa that is P-polariZed 
from the beginning. 

[0039] The distance between the PBS prism unit 3 and the 
?rst lens array 5 is represented by L. This is the space where 
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a color switching device, to be described later, is disposed. 
The lens cells 5a are shaped like Wedges and are arranged 
such that the vertices of their curved surfaces are outWardly 
decentered. Thus, the tWo types of light Pa and Pb, as they 
pass through the lens cells 5a, are individually refracted so 
as to form tWo light source images on identical lens cells 6a 
of the second lens array 6. The polariZation conversion 
device mentioned above splits the light from the light source 
1 into tWo groups of light in such a Way that the tWo groups 
of light travel in horiZontally symmetric directions With 
respect to the direction in Which the projected image is 
displayed. Accordingly, the lens cells 5a of the ?rst lens 
array 5 are decentered in horiZontally symmetric directions 
With respect to the direction in Which the projected image is 
displayed. 
[0040] In the arrangement described above according to 
the present invention, polariZation conversion is performed 
immediately behind the light source 1. Therefore, the light 
emitted from the light source 1 and then re?ected from the 
re?ector 2 has its beam diameter enlarged to about tWice its 
original beam diameter as a result of polariZation conver 
sion. In this respect, this arrangement is the same as that of 
the conventional optical illumination apparatus shoWn in 
FIG. 10. HoWever, the arrangement according to the present 
invention is so constructed that, as shoWn in FIG. 1, the tWo 
types of light, although split so as to be differently polariZed, 
pass through identical lens cells 5a of the ?rst lens array 5 
and form tWo light source images on identical cells 6a of the 
second lens array 6. Therefore, no diminishing occurs in the 
f-number of the illumination light I that strikes the display 
panel 9 nor in the f-number of the projection light E that 
emanates from the display panel 9. Thus, no eXtra burden is 
placed on the optical projection system 10. 

[0041] Here, as shoWn in FIG. 1, let the distance betWeen 
the beam centers of the P-polariZed and the S-polariZed light 
split by the PBS prism unit 3 be D, and the angle betWeen 
the directions in Which the beam centers of those tWo types 
of light point, i.e., the angle betWeen Pa and Pb, be 0. 
Moreover, let the optical distance betWeen the ?rst lens array 
5 and the second lens array 6 be I, and the siZe of each lens 
cell 6a of the second lens array 6, along its longer sides, be 
d. Then, it is preferable that the folloWing conditional 
formula be ful?lled: 

O.3<l'tan 6/d<0.75 

[0042] The optimum value of this conditional formula is 
0.5, because then the distance betWeen the tWo light-source 
images formed on an identical cell 6a of the second lens 
array 6 is equal to 2/d, and thus the tWo images are formed 
in the best-balanced position on the lens cell 6a. 

[0043] A color sWitching device, to be described later, 
eXhibits dependence on polariZation. In vieW of this, one 
might consider that, in the conventional optical illumination 
apparatus constructed as shoWn in FIG. 11, it is possible to 
dispose the color sWitching device betWeen the superimpos 
ing lens 207 and the condenser lens 208, Where the illumi 
nation light Ib is uniformly polariZed. HoWever, if the color 
sWitching device is disposed in this position, the color 
sWitching device receives incident rays from so Wide a range 
of angles that its dependence on angle of incidence eXerts an 
undesirable effect. Thus, this position is un?t for the place 
ment of the color sWitching device. 

[0044] Speci?cally, although the f-number is not small, the 
illumination light Ib is a divergent beam that fans out in a 
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range of angles of about :10 degrees, thus causing the 
undesirable effect mentioned above. In contrast, according 
to the present invention, a color sWitching device is disposed 
betWeen the PBS prism unit 3 and the ?rst lens array 5, 
Where the previously-mentioned angle 0, Which corresponds 
to the range of angles of incident rays, is 4 to 5 degrees at 
the very most. Therefore, the effect resulting from the 
dependence of the color sWitching device on the angle of 
incidence is negligible. 

[0045] Hereinafter, optical illumination apparatuses 
embodying the present invention and employing various 
types of color sWitching device Will be described. An optical 
display apparatus of a single-panel type that achieves color, 
i.e., RGB, display With a single display panel adopts a 
so-called color sequential (color time-divisional) illumina 
tion method. More speci?cally, in such a case, it has been 
customary to adopt, for example, a color Wheel time 
divisional method. 

[0046] The color Wheel used in such a method has the 
shape of a disk, and has three color ?lters, Which respec 
tively transmit R (red), G (green), and B (blue) colors. The 
?lters are arranged in three regions around a rotational aXis 
that runs through the center of the color Wheel. As those 
color ?lters rotate at high speed about the aXis of rotation, 
the illumination light passing therethrough has its color 
sWitched at high speed from one color to another. 

[0047] HoWever, a color Wheel time-divisional method 
involves mechanical rotation of a color Wheel and is thus not 
entirely satisfactory in terms of reliability and operating life. 
For this reason, according to the present invention, the 
sWitching of the color of illumination light from one color to 
another is achieved electrically by the use of a color sWitch 
ing device such as those used in the individual embodiments 
of the invention described beloW. 

[0048] FIG. 2 is a diagram conceptually shoWing the 
construction of an optical display apparatus employing an 
optical illumination apparatus of a ?rst embodiment of the 
invention. In FIG. 2, reference numeral 1 represents a light 
source, and reference numeral 2 represents a re?ector dis 
posed so as to partially surround the light source 1. A PBS 
(polarizing beam splitter) prism unit 3 is disposed immedi 
ately behind the re?ector 2, i.e., on the right side thereof in 
FIG. 2. The PBS prism unit 3 includes a plurality of PBS 
prisms arranged parallel to one another. The PBS prism unit 
3 splits the light from the light source 1 into tWo differently 
polariZed types of light. 

[0049] Quarter-Wave plates 18 are disposed immediately 
behind the PBS prism unit 3. More speci?cally, of the 
individual PBS prisms 3a and 3b of the PBS prism unit 3, 
those PBS prisms 3a Which let out P-polariZed light as 
described later have quarter-Wave plates 18a disposed 
immediately behind them that have their principal aXes 
oriented at —45 degrees, and those PBS prisms 3b Which let 
out S-polariZed light have quarter-Wave plates 18b disposed 
immediately behind them that have their principal aXes 
oriented at +45 degrees. 

[0050] Behind the quarter-Wave plates 18 (i.e., on the right 
side thereof in FIG. 2) are disposed, in order of arrange 
ment, a cholesteric liquid crystal device 11, a quarter-Wave 
plate 19, then a ?rst lens array 5 immediately behind it, then 
someWhat aWay therefrom, a second lens array 6, and a 



US 2001/0033418 A1 

superimposing lens 7 immediately behind it. The ?rst lens 
array 5 has a plurality of lens cells 5a arranged in a 
rectangular, grid-like array having an aspect ratio substan 
tially identical to that of a display panel 9 to be described 
later. Similarly, the second lens array 6 also has a plurality 
of lens cells 6a arranged in a rectangular, grid-like array. 
HoWever, the shape of the lens cells 6a is not necessarily 
geometrically similar to that of the lens cells 5a. 

[0051] The cholesteric liquid crystal device 11 is one type 
of color sWitching device that electrically sWitches the color 
of illumination light on a time-divisional basis from one 
color to another among R, G, and B colors. HoW this is 
achieved Will be described in detail later. The images from 
the individual lens cells 5a of the ?rst lens array 5 are, by the 
second lens array 6 and the superimposing lens 7 disposed 
immediately behind it, superimposed on one another in the 
vicinity of the focal point of the superimposing lens 7. 

[0052] The components from the ?rst lens array 5 through 
the superimposing lens 7 constitute an optical integrator 
system. The display panel 9 is disposed at the focal point of 
the superimposing lens 7. The display panel 9 is illuminated 
in a telecentric fashion by a condenser lens 8 disposed 
immediately in front of it. A PBS prism 12 is disposed 
betWeen the condenser lens 8 and the display panel 9. 
Illumination light from the optical illumination apparatus is 
converted into projection light by the display panel 9 and 
transmitted, via the PBS prism 12, to the optical projection 
system 10. Projection light is considered to include the 
image information from the display panel 9. 

[0053] The light emitted from the light source 1 is 
re?ected from the re?ector 2, and is thereby formed into a 
substantially parallel beam and directed to the PBS prisms 
3a of the PBS prism unit 3. Here, P-polariZed light, indicated 
by solid lines P, is transmitted straight through the PBS 
prisms 3a. On the other hand, S-polariZed light, indicated by 
broken lines S, is re?ected inside the PBS prisms 3a so as 
to be directed to the outWardly contiguous PBS prisms 3b, 
and is then re?ected again inside the PBS prisms 3b so as to 
exit therefrom, still as S-polariZed light. That is, by the PBS 
prism unit 3, the light from the light source 1 is split into tWo 
differently polariZed types of light in the direction of the 
longer sides of the display panel 9, i.e., in a vertical direction 
along the plane of the ?gure. 

[0054] The P-polariZed light exiting from the PBS prisms 
3a is converted into right-handed circularly polariZed light 
by being transmitted through the quarter-Wave plates 18a 
disposed immediately behind the PBS prisms 3a. Similarly, 
the S-polariZed light exiting from the PBS prisms 3b is also 
converted into right-handed circularly polariZed light by 
being transmitted through the quarter-Wave plates 18b dis 
posed immediately behind the PBS prisms 3b. That is, the 
light from the light source 1 has its polariZation converted 
?rst by the PBS prism unit 3 and then by the quarter-Wave 
plates 18, and eventually comes out as uniformly right 
handed circularly polariZed light. This arrangement consti 
tutes a polariZation conversion device. Here, the type of light 
into Which the light from the light source 1 is converted does 
not necessarily have to be right-handed circularly polariZed 
light, but can be of other polariZations. The arrangement 
described thus far, starting With the light source 1 and ending 
immediately in front of the display panel 9, constitutes an 
optical illumination apparatus. 
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[0055] The light thus converted into uniformly right 
handed circularly polariZed light has its color sWitched by 
the cholesteric liquid crystal device 11, is converted into 
linearly polariZed light by the quarter-Wave plate 19, passes 
through the above-mentioned optical integrator system, and 
eventually strikes the display panel 9. The display panel 9 
modulates, pixel by pixel, the light it is illuminated With 
according to the display data of R, G, and B colors fed 
thereto, and emits the modulated light. The light thus emitted 
then enters an optical projection system 10. The display data 
presented on the display panel 9 is projected, as an image, 
onto a screen (not shoWn) through this optical projection 
system 10. Reference numeral 10a represents an aperture 
stop disposed in the optical projection system 10. 

[0056] FIG. 3 is a diagram schematically shoWing an 
example of a practical construction of the optical display 
apparatus shoWn in FIG. 2. While FIG. 2 illustrates a 
conceptual vieW Wherein the optical system is formed along 
a straight line, an optical axis of the optical system is 
preferably bent at a re?ecting surface as shoWn in FIG. 3. 

[0057] With reference to FIG. 3, the paths of rays in this 
embodiment Will be described once again beloW. The light 
emitted from the light source 1 is re?ected from the re?ector 
2, and is thereby formed into a substantially parallel beam 
and directed to the PBS prism unit 3. The light has its 
polariZation converted by this PBS prism unit 3 and the 
quarter-Wave plates 18 disposed immediately behind it, and 
eventually comes out as uniformly right-handed circularly 
polariZed light. The light thus converted into uniformly 
right-handed circularly polariZed light then strikes the sur 
face of the cholesteric liquid crystal device 11. 

[0058] The cholesteric liquid crystal device 11 is com 
posed of, for example, a total of three layers of cholesteric 
liquid crystal elements that are laid over one another, one 
layer for each of R, G, and B colors. These cholesteric liquid 
crystal elements exhibit dependence on polariZation; that is, 
they re?ect only right-handed circularly polariZed light. 
Here, the individual cholesteric liquid crystal elements are 
driven by a controller 15, shoWn as a block in FIG. 3, on a 
color-sequential basis in such a Way as to be turned on and 
off one after another at a high speed. As a result, light of R, 
G, and B colors, Which are contained in the White light from 
the light source, is re?ected one after another on a time 
divisional basis. The light of the colors that are not re?ected 
is transmitted through the cholesteric liquid crystal device 
11. An example of the structure of each cholesteric liquid 
crystal element Will be described later. 

[0059] The light exiting from the cholesteric liquid crystal 
device 11 after having its color sWitched is still right-handed 
circularly polariZed light. The quarter-Wave plate 19 then 
converts the light into linearly polariZed light, for example, 
S-polariZed light. The light then passes through the above 
mentioned optical integrator system, enters the PBS prism 
12, and is then re?ected inside it so as to strike the display 
panel 9. The display panel 9 is realiZed With, for example, a 
re?ective liquid crystal display panel. The display panel 9 
re?ects, pixel by pixel, the light it is illuminated With by 
rotating (When “on”) or not rotating (When “off”) the polar 
iZation plane of the light according to the display data of R, 
G, and B colors fed thereto. 

[0060] Here, the light re?ected by the “off” pixels returns 
to the PBS prism 12, and, since this light is S-polariZed light, 
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it is re?ected from the PBS prism 12 so as to be directed 
back to the light source 1. On the other hand, the light 
re?ected by the “on” pixels, Which has thereby been con 
verted into P-polariZed light, is transmitted through the PBS 
prism 12 so as to reach the optical projection system 10. The 
display data presented on the display panel 9 is projected, as 
an image, onto a screen (not shoWn) through this optical 
projection system 10. 

[0061] FIGS. 4A and 4B are sectional vieWs schemati 
cally shoWing the structure of each cholesteric liquid crystal 
element. As shoWn in these ?gures, the cholesteric liquid 
crystal element has cholesteric liquid crystal material 35 
sandWiched betWeen ITO ?lms (transparent electrodes) 32 
formed over the inner surfaces of a pair of glass substrates 
(or transparent ?lm substrates) 31, Which are arranged so as 
to face each other. When a high voltage pulse from a voltage 
pulse source 36 is applied betWeen the ITO ?lms 32, as 
shoWn in FIG. 4A, the liquid crystal molecules 35a are 
brought into a so-called planar orientation and thus into an 
opaque state. Here, let the so-called tWist pitch of the liquid 
crystal molecules 35a be p, and let the average refractive 
indeX of the cholesteric liquid crystal 35 be n,, then the 
Wavelength of the light re?ected is given by )t=nap. 

[0062] As shoWn in FIG. 4A, the light incident on the 
cholesteric liquid crystal 35 is indicated by arroW A. In the 
opaque state, light of a particular Wavelength is re?ected as 
indicated by arroW B, and light of other Wavelengths is 
transmitted as indicated by arroWs C. In contrast, When a 
loWer voltage pulse from the pulse voltage source 36 is 
applied betWeen the ITO ?lms 32 as shoWn in FIG. 4B, the 
liquid crystal molecules 35a are brought into a so-called 
focal conic orientation and thus into a transparent state. In 
this state, all the light incident on the cholesteric liquid 
crystal 35 is transmitted, as indicated by arroWs D. 

[0063] Thus, by sWitching the voltage of the pulse applied 
to the ITO ?lms 32 betWeen a high voltage pulse and a loW 
voltage pulse, it is possible to sWitch the cholesteric liquid 
crystal 35 betWeen an opaque state and a transparent state at 
high speed. That is, by preparing different types of choles 
teric liquid crystal materials 35 that act on light of different 
Wavelength ranges, for eXample the Wavelength ranges of R, 
G, and B colors, and laying cholesteric liquid crystal ele 
ments having such different types of cholesteric liquid 
crystal one over another, it is possible, as described above, 
to re?ect light of R, G, and B colors one after another on a 
time-divisional basis by sWitching on and off the individual 
cholesteric liquid crystal elements one after another at high 
speed through pulse control. 

[0064] FIG. 5 is a diagram conceptually shoWing the 
construction of an optical display apparatus employing an 
optical illumination apparatus of a second embodiment of 
the invention. In FIG. 5, reference numeral 1 represents a 
light source, and reference numeral 2 represents a re?ector 
disposed so as to partially surround the light source 1. APBS 
(polariZing beam splitter) prism unit 3 is disposed immedi 
ately behind the re?ector 2, i.e., on the right side thereof in 
FIG. 5. The PBS prism unit 3 includes a plurality of PBS 
prisms arranged parallel to one another. The PBS prism unit 
3 splits the light from the light source 1 into tWo differently 
polariZed types of light. Of the individual PBS prisms 3a and 
3b, those Which let out P-polariZed light have half-Wave 
plates 4 disposed immediately behind them. 
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[0065] Behind the PBS prism unit 3 (i.e., on the right side 
thereof in FIG. 5) are disposed, in order of arrangement, a 
liquid crystal hologram device 13, a ?rst lens array 5, a 
second lens array 6, and a superimposing lens 7 immediately 
behind it. The ?rst lens array 5 has a plurality of lens cells 
5a arranged in a rectangular, grid-like array, having an 
aspect ratio substantially identical to that of a display panel 
9 to be described later. Similarly, the second lens array 6 also 
has a plurality of lens cells 6a arranged in a rectangular, 
grid-like array. HoWever, the shape of the lens cells 6a of the 
second lens array 6 is not necessarily geometrically similar 
to that of the lens cells 5a. 

[0066] The liquid crystal hologram device 13 is one type 
of a color sWitching device that electrically sWitches the 
color of illumination light on a time-divisional basis from 
one color to another among R, G, and B colors. HoW this is 
achieved Will be described in detail later. The images from 
the individual lens cells 5a of the ?rst lens array 5 are, by the 
second lens array 6 and the superimposing lens 7 disposed 
immediately behind it, superimposed on one another in the 
vicinity of the focal point of the superimposing lens 7. 

[0067] The components from the ?rst lens array 5 through 
the superimposing lens 7 constitute an optical integrator 
system. The display panel 9 is disposed at the focal point of 
the superimposing lens 7. The display panel 9 is illuminated 
in a telecentric fashion by a condenser lens 8 disposed 
immediately in front of it. A PBS prism 12 is disposed 
betWeen the condenser lens 8 and the display panel 9. 
Illumination light from the optical illumination apparatus is 
converted into projection light by the display panel 9 and 
transmitted, via the PBS prism 12, to the optical projection 
system 10. Projection light is considered to include the 
image information from the display panel 9. 
[0068] The light emitted from the light source 1 is 
re?ected from the re?ector 2, and is thereby formed into a 
substantially parallel beam and directed to the PBS prisms 
3a of the PBS prism unit 3. Here, S-polariZed light, indicated 
by solid lines S, is transmitted straight through the PBS 
prisms 3a. On the other hand, P-polariZed light, indicated by 
broken lines P, is re?ected inside the PBS prisms 3a so as to 
be directed to the outWardly contiguous PBS prisms 3b, and 
is then re?ected again inside the PBS prisms 3b so as to eXit 
therefrom still as P-polariZed light. That is, by the PBS prism 
unit 3, the light from the light source 1 is split into tWo 
differently polariZed types of light in the direction of the 
longer sides of the display panel 9, i.e., in a vertical direction 
along the plane of the ?gure. 
[0069] The P-polariZed light exiting from the PBS prisms 
3b is converted into S-polariZed light by being transmitted 
through the half-Wave plates 4 disposed immediately behind 
the PBS prisms 3b. That is, a portion of the light from the 
light source 1 has its polariZation converted ?rst by the PBS 
prism unit 3, and then by the half-Wave plates 4, and 
eventually comes out as uniformly S-polariZed light. This 
arrangement constitutes a polariZation conversion device. 
Here, the type of light into Which the light from the light 
source 1 is converted does not necessarily have to be 
S-polariZed light, but can be of other polariZations. The 
arrangement described thus far, starting With the light source 
1 and ending immediately in front of the display panel 9, 
constitutes an optical illumination apparatus. 

[0070] The light thus converted into uniformly S-polar 
iZed light has its color sWitched by the liquid crystal holo 
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gram device 13, passes through the above-mentioned optical 
integrator system, and eventually strikes the display panel 9. 
The display panel 9 modulates, pixel by pixel, the light it is 
illuminated With according to the display data of R, G, and 
B colors fed thereto, and emits the modulated light. The light 
thus emitted then enters an optical projection system 10. The 
display data presented on the display panel 9 is projected, as 
an image, onto a screen (not shoWn) through this optical 
projection system 10. Reference numeral 10a represents an 
aperture stop disposed in the optical projection system 10. 

[0071] FIG. 6 is a diagram schematically shoWing an 
example of a practical construction of the optical display 
apparatus shoWn in FIG. 5. While FIG. 5 illustrates a 
conceptual vieW Wherein the optical system is formed along 
a straight line, an optical axis of the optical system is 
preferably bent at a re?ecting surface as shoWn in FIG. 6. 

[0072] With reference to FIG. 6, the paths of rays in this 
embodiment Will be described once again beloW. The light 
emitted from the light source 1 is re?ected from the re?ector 
2, and is thereby formed into a substantially parallel beam 
and directed to the PBS prism unit 3. The light has its 
polariZation converted by this PBS prism unit 3 and the 
half-Wave plates 4 disposed immediately behind it, and 
eventually comes out as uniformly S-polariZed light. The 
light thus converted into uniformly S-polariZed light then 
strikes the surface of the liquid crystal hologram device 13 
from a direction substantially perpendicular thereto. 

[0073] The liquid crystal hologram device 13 is composed 
of, for example, a total of three layers of liquid crystal 
hologram elements that are laid over one another, one layer 
for each of R, G, and B colors. These liquid crystal hologram 
elements exhibit dependence on polariZation and on the 
angle of incidence. Here, the individual liquid crystal holo 
gram elements are driven by a controller 16, shoWn as a 
block in FIG. 6, on a color-sequential basis in such a Way 
as to be turned on and off one after another at a high speed. 
As a result, light of R, G, and B colors, Which are contained 
in the White light from the light source 1 is re?ected and 
diffracted one after another on a time-divisional basis and 
exits from the liquid crystal hologram device 13 in a 
direction oblique to its surface. The light of the colors that 
have not been re?ected and diffracted is transmitted through 
the liquid crystal hologram device 13. An example of the 
structure of each liquid crystal hologram element Will be 
described later. 

[0074] The light exiting from the liquid crystal hologram 
device 13 after having its color sWitched passes through the 
above-mentioned optical integrator system, then enters, as 
S-polariZed light, the PBS prism 12, and is then re?ected 
inside it so as to strike the display panel 9. The display panel 
9 is realiZed With, for example, a re?ective liquid crystal 
display panel. The display panel 9 re?ects, pixel by pixel, the 
light it is illuminated With by rotating (When “on”) or not 
rotating (When “off”) the polariZation plane of the light 
according to the display data of R, G, and B colors fed 
thereto. 

[0075] Here, the light re?ected by the “off” pixels returns 
to the PBS prism 12 and, since this light is S-polariZed light, 
it is re?ected from the PBS prism 12 so as to be directed 
back to the light source. On the other hand, the light re?ected 
by the “on” pixels, Which has thereby been converted into 
P-polariZed light, is transmitted through the PBS prism 12 so 
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as to reach the optical projection system 10. The display data 
presented on the display panel 9 is projected, as an image, 
onto a screen (not shoWn) through this optical projection 
system 10. 

[0076] FIG. 7 is a sectional vieW schematically shoWing 
the structure of each liquid crystal hologram element. As 
shoWn in this ?gure, the liquid crystal hologram element has 
a hologram 33 sandWiched betWeen ITO ?lms (transparent 
electrodes) 32 formed over the inner surfaces of a pair of 
glass substrates (or transparent ?lm substrates) 31 arranged 
so as to face each other. The hologram 33 is produced by 
irradiating a liquid crystal polymer With tWo light beams that 
intersect each other on the liquid crystal polymer so as to 
form interference fringes thereon and then setting the liquid 
crystal polymer. Speci?cally, layers of a polymer 33a and 
layers containing clusters of liquid crystal molecules 33b in 
the form of minuscule droplets are alternately laid over one 
another, With those layers inclined With respect to the glass 
substrates 31. 

[0077] In a normal state, the refractive index of the liquid 
crystal molecules 33b is higher than that of the polymer 33a. 
In this state, the hologram 33 re?ects and diffracts light of 
a particular Wavelength range and transmits light of other 
Wavelength ranges. When an alternating-current or direct 
current voltage from a voltage source 34 is applied betWeen 
the ITO ?lms 32 so as to produce an electric ?eld in the 
hologram 33, the refractive index of the liquid crystal 
molecules 33b loWers and becomes substantially equal to 
that of the polymer 33a. In this state, the hologram 33 almost 
entirely loses its properties as a hologram, and functions 
substantially as a transparent plate. 

[0078] Thus, by turning the voltage applied to the ITO 
?lms 32 on and off, it is possible to sWitch the hologram 33 
at high speed betWeen a state in Which it functions as a 
hologram and a state in Which it functions as a transparent 
plate. That is, by preparing different types of holograms 33 
that act on light of different Wavelength ranges (for example 
the Wavelength ranges of R, G, and B colors) and laying the 
liquid crystal hologram elements having such different types 
of holograms 33 over one another, it is possible to re?ect and 
diffract light of R, G, and B colors one after another on a 
time-divisional basis by sWitching on and off the individual 
liquid crystal hologram elements one after another at high 
speed. 

[0079] NoW, suppose that, With no voltage applied to the 
ITO ?lms 32, S-polariZed light L is incident to the surface 
of the glass substrate 31 from a direction substantially 
perpendicular thereto. The hologram 33 lets light of a 
particular Wavelength range emit therefrom in a direction 
oblique to the surface of the glass substrate 31. The angle of 
emergence 0 depends on the inclination of the layers of the 
polymer 33a and the layers of the liquid crystal molecules 
33b that are laid on one another. In this embodiment, 
holograms that provide an angle of emergence 0 of about 30 
to 40 degrees are used. 

[0080] FIG. 8 is a diagram conceptually shoWing the 
construction of an optical display apparatus employing an 
optical illumination apparatus of a third embodiment of the 
invention. In FIG. 8, reference numeral 1 represents a light 
source, and reference numeral 2 represents a re?ector dis 
posed so as to partially surround the light source 1. A set of 
polariZation separation mirrors 20 are disposed immediately 
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behind the re?ector 2, i.e., on the right side thereof in FIG. 
8. The set of polarization separation mirrors 20 splits the 
light from the light source 1 into tWo differently polariZed 
types of light. Of the individual polariZation separation 
mirrors 20a and 20b, those Which let out S-polariZed light 
have half-Wave plates 4 disposed immediately behind them. 

[0081] Behind the set of polariZation separation mirrors 20 
(i.e., on the right side thereof in FIG. 8) are disposed, in 
order of arrangement, a diffraction grating 14, a ?rst lens 
array 5, a second lens array 6, and a superimposing lens 7 
immediately behind it. Although not illustrated here, the 
light incident on the diffraction grating 14 is directed along 
a separately provided optical path so as to be subjected to 
color sWitching. HoW this is achieved Will be described in 
detail later. The ?rst lens array 5 has a plurality of lens cells 
5a arranged in a rectangular, grid-like array, having an 
aspect ratio substantially identical to that of a display panel 
9 to be described later. Similarly, the second lens array 6 also 
has a plurality of lens cells 6a arranged in a rectangular, 
grid-like array. HoWever, the shape of the lens cells 6a is not 
necessarily geometrically similar to that of the lens cells 5a. 

[0082] The diffraction grating 14, in combination With a 
re?ective light valve to be described later, functions as one 
type of color sWitching device that electrically sWitches the 
color of illumination light on time-divisional basis from one 
color to another among R, G, and B colors. HoW this is 
achieved Will be described in detail later. The images from 
the individual lens cells 5a of the ?rst lens array 5 are, by the 
second lens array 6 and the superimposing lens 7 disposed 
immediately behind it, superimposed on one another in the 
vicinity of the focal point of the superimposing lens 7. 

[0083] The components from the ?rst lens array 5 through 
the superimposing lens 7 constitute an optical integrator 
system. Adisplay panel 9 is disposed at the focal point of the 
superimposing lens 7. The display panel 9 is illuminated in 
a telecentric fashion by a condenser lens 8 disposed imme 
diately in front of it. APBS prism 12 is disposed betWeen the 
condenser lens 8 and the display panel 9. Illumination light 
from the optical illumination apparatus is converted into 
projection light by the display panel 9 and transmitted, via 
the PBS prism 12, to the optical projection system 10. 
Projection light is considered to include the image informa 
tion from the display panel 9. 

[0084] The light emitted from the light source 1 is 
re?ected from the re?ector 2, and is thereby formed into a 
substantially parallel beam and directed to the polariZation 
separation mirrors 20a of the set of polariZation separation 
mirrors 20. Here, P-polariZed light, indicated by solid lines 
P, is transmitted straight through the polariZation separation 
mirrors 20a. On the other hand, S-polariZed light, indicated 
by broken lines S, is re?ected from the polariZation sepa 
ration mirrors 20a on Which it is incident, directed to the 
outWardly contiguous polariZation separation mirrors 20b, 
and is then re?ected again from those polariZation separation 
mirrors 20b. That is, by the set of polariZation separation 
mirrors 20, the light from the light source 1 is split into tWo 
differently polariZed types of light in the direction of the 
longer sides of the display panel 9 (i.e., in a vertical direction 
along the plane of the ?gure). 

[0085] The S-polariZed light exiting from the polariZation 
separation mirrors 20b is converted into P-polariZed light by 
the half-Wave plates 4 disposed immediately behind the 
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polariZation separation mirrors 20b. That is, a portion of the 
light from the light source 1 has its polariZation converted 
?rst by the set 20 of polariZation separation mirrors and then 
by the half-Wave plates 4, and eventually comes out as 
uniformly P-polariZed light. This arrangement constitutes a 
polariZation conversion device. Here, the type of light into 
Which the light from the light source 1 is converted does not 
necessarily have to be P-polariZed light, but can be of other 
polariZations. 
[0086] The arrangement described thus far, starting With 
the light source 1 and ending immediately in front of the 
display panel 9, constitutes an optical illumination appara 
tus. As described previously, the light thus converted into 
uniformly P-polariZed light then has its color sWitched by 
the function of the diffraction grating 14 and other compo 
nents, passes through the above-mentioned optical integrator 
system, and eventually strikes the display panel 9. The 
display panel 9 modulates, piXel by piXel, the light it is 
illuminated With according to the display data of R, G, and 
B colors fed thereto, and emits the modulated light. The light 
thus emitted then enters an optical projection system 10. The 
display data presented on the display panel 9 is projected, as 
an image, onto a screen (not shoWn) through this optical 
projection system 10. Reference numeral 10a represents an 
aperture stop disposed in the optical projection system 10. 

[0087] FIG. 9 is a diagram schematically shoWing an 
eXample of a practical construction of the optical display 
apparatus shoWn in FIG. 8. While FIG. 8 illustrates a 
conceptual vieW Wherein the optical system is formed along 
a straight line, an optical aXis of the optical system is 
preferably bent at a re?ecting surface as shoWn in FIG. 9. 

[0088] With reference to FIG. 9, the paths of rays in this 
embodiment Will be described once again beloW. The light 
emitted from the light source 1 is re?ected from the re?ector 
2, and is thereby formed into a substantially parallel beam 
and directed to the set of polariZation separation mirrors 20. 
The light has its polariZation converted by this set of 
polariZation separation mirrors 20 and the half-Wave plates 
4 disposed immediately behind it, and eventually comes out 
as uniformly P-polariZed light. The light thus converted into 
uniformly P-polariZed light then passes through a Fresnel 
lens 21 and then enters the diffraction grating 14. Here, 
instead of the Fresnel lens 21, it is also possible to use an 
ordinary lens. 

[0089] The light that has passed through the Fresnel lens 
21 and entered the diffraction grating 14 is preferably 
polariZed in a direction perpendicular to the plane of the 
?gure. The different Wavelength ranges (i.e., the Wavelength 
ranges of R, G, and B colors) contained in this light is 
diffracted at different angles relative to the plane of the 
?gure (i.e., separated so as to travel in different directions), 
passes through a condenser lens 22, and then strikes different 
regions on a re?ective light valve 23 that respectively 
correspond to the R, G, and B colors. Here, those regions are 
individually driven by a controller 17, shoWn as a block in 
FIG. 9, on a color-sequential basis in such a Way as to be 
turned on and off one after another at a high speed. As a 
result, the light of R, G, and B colors is re?ected one after 
another on a time-divisional basis. 

[0090] The light exiting from the re?ective light valve 23 
after having its color sWitched then enters the diffraction 
grating 14 again so as to be integrated into light that travels 



US 2001/0033418 A1 

in an identical direction, and then passes through the Fresnel 
lens 21 again. The light then passes through the above 
mentioned optical integrator system, enters the PBS prism 
12 as S-polariZed light, and is then re?ected inside it so as 
to strike the display panel 9. The display panel 9 is realiZed 
With, for eXample, a re?ective liquid crystal display panel. 
The display panel 9 re?ects, piXel by piXel, the light it is 
illuminated With by rotating (When “on”) or not rotating 
(When “off”) the polariZation plane of the light according to 
the display data of R, G, and B colors fed thereto. 

[0091] Here, the light re?ected by the “off” piXels returns 
to the PBS prism 12, and, since this light is S-polariZed light, 
it is re?ected from the PBS prism 12 so as to be directed 
back to the light source 1. On the other hand, the light 
re?ected by the “on” piXels, Which has thereby been con 
verted into P-polariZed light, is transmitted through the PBS 
prism 12 so as to reach the optical projection system 10. The 
display data presented on the display panel 9 is projected, as 
an image, onto a screen (not shoWn) through this optical 
projection system 10. 

[0092] Although the present invention has been fully 
described by Way of eXamples and With reference to the 
accompanying draWings, it is to be understood that various 
changes and modi?cations Will be apparent to those skilled 
in the art Without departing from the spirit and scope of the 
invention. Therefore, unless such changes and modi?cations 
depart from the scope of the present invention, they should 
be construed as being included therein. 

What is claimed is: 
1. An optical illumination apparatus comprising: 

a polariZation conversion device for converting light from 
a light source into light uniformly polariZed in a 
predetermined manner; and 

an optical integrator system for illuminating a display 
panel With the light polariZed in the predetermined 
manner, the optical integrator system comprising a ?rst 
lens array having a ?rst lens cell, and a second lens 
array having a second lens cell; 

Wherein the polariZation conversion device is adapted to 
split the light from the light source into a ?rst light 
beam and a second light beam such that the ?rst and 
second light beams are polariZed in different manners, 
and to convert one of the ?rst and second light beams 
into light polariZed in an identical manner as the other 
of the ?rst and second light beams; and 

Wherein the ?rst and second light beams pass through the 
?rst lens cell and are imaged on the second lens cell. 

2. An optical illumination apparatus in accordance With 
claim 1, Wherein the light from the light source is split into 
the ?rst and second light beams in a direction corresponding 
to longer sides of the display panel. 

3. An optical illumination apparatus in accordance With 
claim 1, Wherein an optical relationship betWeen the ?rst and 
second light beams is represented by a formula: 

Wherein: 

0 represents an angle betWeen the ?rst and second light 
beams; 
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1 represents an optical distance betWeen the ?rst and 
second lens arrays; and 

d represents a siZe of each lens cell, along longer sides of 
the second lens array. 

4. An optical illumination apparatus in accordance With 
claim 1, further comprising a color sWitching device dis 
posed betWeen the polariZation conversion device and the 
optical integrator system, the color sWitching device adapted 
to time-divisionally sWitch colors of the light polariZed in 
the predetermined manner from one color to another among 
a plurality of predetermined colors. 

5. An optical illumination apparatus in accordance With 
claim 4, Wherein the color sWitching device is a cholesteric 
liquid crystal device. 

6. An optical illumination apparatus in accordance With 
claim 4, Wherein the color sWitching device is a hologram 
formed of a liquid crystal polymer. 

7. An optical illumination apparatus in accordance With 
claim 4, Wherein the color sWitching device comprises: 

a diffraction grating; and 

a re?ective light valve. 

8. An optical illumination apparatus in accordance With 
claim 1, Wherein the ?rst lens array comprises a plurality of 
lens cells, the ?rst and second light beams form a ?rst group, 
the polariZation conversion device being adapted to further 
split the light from the light source into a second group such 
that the ?rst and second groups travel in horiZontally sym 
metric directions With respect to a direction in Which an 
image is displayed, and individual lens cells of the ?rst lens 
array are decentered in horiZontally symmetric directions 
With respect to the direction in Which the image is displayed. 

9. An optical illumination apparatus in accordance With 
claim 1, Wherein the polariZation conversion device com 
prises a plurality of polariZing beam splitter prisms arranged 
in parallel. 

10. An optical illumination apparatus in accordance With 
claim 1, Wherein the polariZation conversion device com 
prises: 

a ?rst polariZing beam splitter prism; and 

a second polariZing beam splitter prism; 

Wherein the ?rst polariZing beam splitter prism is adapted 
to transmit light polariZed in a ?rst manner and to 
re?ect light polariZed in a second manner to the second 
polariZing beam splitter prism; and 

Wherein the second polariZing beam splitter prism is 
adapted to re?ect the light polariZed in the second 
manner received from the ?rst polariZing beam splitter 
prism. 

11. An optical illumination apparatus in accordance With 
claim 1, Wherein the ?rst lens array comprises a plurality of 
the ?rst lens cells arranged in a rectangular grid array. 

12. An optical illumination apparatus in accordance With 
claim 11, Wherein the rectangular grid array has an aspect 
ratio that is substantially identical to an aspect ratio of the 
display panel. 

13. An optical illumination apparatus in accordance With 
claim 1, Wherein the second lens array comprises a plurality 
of the second lens cells arranged in a rectangular grid array. 
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14. An optical illumination apparatus, comprising: 

a polarization conversion device for splitting light from a 
light source into ?rst and second light beams polariZed 
in ?rst and second manners and for converting one of 
?rst and second light beams into light polariZed in an 
identical manner as the other of the ?rst and second 

light beams; 

a cholesteric liquid crystal device for sWitching colors of 
the ?rst and second light beams on a time-divisional 
basis; and 

an optical integrator system for illuminating a display 
panel With the ?rst and second light beams, the optical 
integrator system comprising a ?rst lens array having a 
?rst lens cell, and a second lens array having a second 
lens cell; 

Wherein the ?rst and second light beams pass through the 
?rst lens cell and are imaged on the second lens cell. 

15. An optical illumination apparatus in accordance With 
claim 14, Wherein the cholesteric liquid crystal device 
comprises: 

a layer of cholesteric liquid crystal elements; and 

a controller for bringing the layer into a ?rst state Wherein 
light of a particular Wavelength is re?ected, and into a 
second state Wherein all light is transmitted through the 
layer. 

16. An optical illumination apparatus in accordance With 
claim 14, Wherein the polarization conversion device com 
prises: 

a ?rst polariZing beam splitter prism adapted to transmit 
P-polariZed light and to re?ect S-polariZed light; 

a ?rst quarter-Wave plate disposed behind the ?rst polar 
iZing beam splitter prism, adapted to receive the P-po 
lariZed light therefrom and to convert the P-polariZed 
light to right-handed circularly polariZed light; 

a second polariZing beam splitter prism disposed parallel 
to the ?rst polariZing beam splitter prism, adapted to 
receive the S-polariZed light therefrom and to re?ect 
the S-polariZed light; and 

a second quarter-Wave plate disposed behind the second 
polariZing beam splitter prism, adapted to receive the 
S-polariZed light therefrom and to convert the S-polar 
iZed light to right-handed circularly polariZed light. 

17. An optical illumination apparatus in accordance With 
claim 16, further comprising a quarter Wave plate for con 
verting circularly polariZed light into linearly polariZed 
light, the quarter Wave plate being disposed betWeen the 
cholesteric liquid crystal device and the optical integrator 
system. 

18. An optical illumination apparatus, comprising: 

a polariZation conversion device for splitting light from a 
light source into ?rst and second light beams polariZed 
in different manners and for converting one of ?rst and 
second light beams into light polariZed in an identical 
manner as the other of the ?rst and second light beams; 

a liquid crystal hologram device for sWitching colors of 
the ?rst and second light beams on a time-divisional 
basis; and 
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an optical integrator system for illuminating a display 
panel With the ?rst and second light beams, the optical 
integrator system comprising a ?rst lens array having a 
?rst lens cell, and a second lens array having a second 
lens cell; 

Wherein the ?rst and second light beams pass through the 
?rst lens cell and are imaged on the second lens cell. 

19. An optical illumination apparatus in accordance With 
claim 18, Wherein the polariZation conversion device com 
prises: 

a ?rst polariZing beam splitter prism adapted to transmit 
S-polariZed light and to re?ect P-polariZed light; 

a second polariZing beam splitter prism, adapted to re?ect 
the P-polariZed light received from the ?rst polariZing 
beam splitter prism; and 

a half-Wave plate disposed behind the second polariZing 
beam splitter prism, adapted to convert the P-polariZed 
light therefrom to S-polariZed light. 

20. An optical illumination apparatus in accordance With 
claim 18, Wherein the liquid crystal hologram device com 
prises: 

a layer of liquid crystal hologram elements; and 

a controller for bringing the layer into a ?rst state Wherein 
light of a particular Wavelength is re?ected and dif 
fracted, and into a transparent state Wherein all light is 
transmitted through the layer; 

Wherein the light that is re?ected and diffracted eXits from 
the liquid crystal hologram device in a direction 
oblique to its surface. 

21. An optical illumination apparatus, comprising: 

a polariZation conversion device for splitting light from a 
light source into ?rst and second light beams polariZed 
in different manners and for converting one of ?rst and 
second light beams into light polariZed in an identical 
manner as the other of the ?rst and second light beams; 

a diffraction grating for separating colors of the ?rst and 
second light beams; 

a re?ective light valve for sWitching the colors of the ?rst 
and second light beams on a time-divisional basis; and 

an optical integrator system for illuminating a display 
panel With the ?rst and second light beams, the optical 
integrator system comprising a ?rst lens array having a 
?rst lens cell, and a second lens array having a second 
lens cell; 

Wherein the ?rst and second light beams pass through the 
?rst lens cell and are imaged on the second lens cell. 

22. An optical illumination apparatus in accordance With 
claim 21, Wherein the polariZation conversion device com 
prises: 

a ?rst polariZation separation mirror adapted to transmit 
light polariZed in a ?rst manner and to re?ect light 
polariZed in a second manner; 

a second polariZation separation mirror disposed proXi 
mate the ?rst polariZation separation mirror, adapted to 
re?ect the light polariZed in the second manner 
received from the ?rst polariZation separation mirror; 
and 

a half-Wave plate disposed behind the second polariZation 
separation mirror, adapted to receive the light polariZed 
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in the second manner therefrom and to convert the light 24. An optical illumination apparatus in accordance With 
polarized in the second manner to light polariZed in the claim 21, further comprising a controller for separately 
?rst manner. driving each of red, green, and blue regions of the re?ective 

23. An optical illumination apparatus in accordance With light valve. 
claim 21, further comprising a fresnal lens disposed betWeen 
the polariZation conversion device and the diffraction grat 
ing. * * * * * 


