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57 ABSTRACT 

A projection-type display apparatus includes a light Source, 
a uniform illumination optical System, a color Separating 
System for Separating a white light beam emitted from the 
uniform illumination optical System into three color beams, 
three liquid crystal panels for respectively modulating each 
of the Separated color beams, a light guide System located on 
an optical path of the color beam having the longest optical 
path among the Separated color beams, a dichroic prism for 
Synthesizing the beams modulated through the liquid crystal 
panels, and a projection lens for projecting the Synthesized 
and modulated beam onto a Screen. The uniform illumina 
tion optical System IS provided with a uniform illumination 
optical device for converting the white light beam emitted 
from the light Source into a uniform rectangular beam. Since 
the dichroic prism, which is an optical element that is 
rotationally Symmetrical about the chief axis of a projection 
optical System, is employed as a color Synthesizing System, 
and the uniform illumination optical device for restricting 
unevenneSS in color and luminous intensity is incorporated 
in the System, it is possible to realize a display apparatus 
which causes little unevenneSS in color and luminous inten 
sity and which has a high illumination efficiency. 

29 Claims, 18 Drawing Sheets 

  



Re. 36,850 Sheet 1 of 18 Sep. 5, 2000 U.S. Patent 

ZZ 

  



U.S. Patent Sep. 5, 2000 Sheet 2 of 18 Re. 36,850 

CENTER PORTION 

- - - - - - - - - - - - - - - PERIPHERAL 

PORTION 

NO MIRROR 
(PRISM COMPOSITE 

SYSTEM) 

O 10 20 30 40 50 

SPATIAL FREQENCY LINE/mm) 

FIG.2 

  



U.S. Patent Sep. 5, 2000 Sheet 3 of 18 Re. 36,850 

  



U.S. Patent Sep. 5, 2000 Sheet 4 of 18 Re. 36,850 

  



U.S. Patent Sep. 5, 2000 Sheet 5 of 18 Re. 36,850 

0.04 

3. 0.03 
5 
2 0.02 

Z 
C 

1. 0.01 
C 
O 
C> 

O 
NO INTEGRATOR 2 3 4 5 

SPLT NUMBER OF INTEGRATOR 
IN HORIZONTAL DIRECTION 

FG.4 

  



Re. 36,850 Sheet 6 of 18 Sep. 5, 2000 U.S. Patent 

FG.5A 

FIG.5B 

  



Re. 36,850 Sheet 7 of 18 Sep. 5, 2000 U.S. Patent 

  



U.S. Patent Sep. 5, 2000 Sheet 8 of 18 Re. 36,850 

  



U.S. Patent Sep. 5, 2000 Sheet 9 of 18 Re. 36,850 

  



Re. 36,850 Sheet 10 of 18 Sep. 5, 2000 U.S. Patent 

- - - - - - - - - - - - - - - 

  



U.S. Patent Sep. 5, 2000 Sheet 11 of 18 Re. 36,850 

  



U.S. Patent Sep. 5, 2000 Sheet 12 of 18 Re. 36,850 

  



Re. 36,850 Sheet 13 of 18 Sep. 5, 2000 U.S. Patent 

FG.11 

  



U.S. Patent Sep. 5, 2000 Sheet 14 of 18 Re. 36,850 

F.G. 12 

  



Re. 36,850 Sheet 15 of 18 Sep. 5, 2000 U.S. Patent 

9 | '0|| 

  



Re. 36,850 Sheet 16 of 18 Sep. 5, 2000 U.S. Patent 

| Z 

ZZ 

  



Re. 36,850 Sheet 17 of 18 Sep. 5, 2000 U.S. Patent 

87 || '0|| 

| Z 

ZZ 

  



U.S. Patent Sep. 5, 2000 Sheet 18 of 18 

  



Re. 36,850 
1 

PROJECTION-TYPE DISPLAY APPARATUS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

The present invention relates to a projection-type display 
apparatus which Separates a white beam from a light Source 
into beams of three colors, red, blue and green, modulates 
these beams through light valves according to image 
information, and re-synthesizes and projects the modulated 
beams under magnification onto a Screen through a projec 
tion lens. 

DESCRIPTION OF RELATED ART 

A projection-type display apparatus is comprised of a 
light Source lamp, a color Separating means for Separating a 
white beam from the light source lamp into beams of three 
colors, three light valves for modulating the Separated color 
beams, a color Synthesizing means for Synthesizing the 
modulated beams again and a projection lens for magnifying 
and displaying a light image obtained by the Synthesis onto 
a Screen. AS light valves, liquid crystal panels are generally 
used. 
A conventional projection-type display apparatus having 

Such structure in which a uniform illumination optical 
device referred to as an optical integrator is incorporated in 
a light source thereof is well known. For example, U.S. Pat. 
No. 5,098,184 discloses a projection-type display apparatus 
having Such optical integrator incorporated therein. This 
patent publication also discloses a color Synthesizing means 
consisting of dichroic mirrors arranged in the shape of an X. 
An ordinary color Synthesizing means is constituted by 
dichroic mirrors each of which has a dielectric multilayer 
film on a glass plate. 

Such projection-type display apparatus provided with a 
mirror composite System in which a color Synthesizing 
means is constituted by dichroic mirrorS has the following 
disadvantage. Each dichroic mirror is an optical element 
which is rotationally asymmetrical about the center axis of 
a projection lens. Therefore, astigmatism arises in an image 
on the screen, and a Modulation Transfer Function (MTF) 
representing the transfer characteristic of a projection optical 
System is lowered. As a result, the image is blurred and 
Sharpness thereof is reduced. In a case in which the size of 
a liquid crystal panel is large relative to the number of pixels, 
in other words, when the pixel pitch is large, the lowering of 
the MTF does not cause such a large problem. However, 
when the pixel pitch is Small, for example, as in a liquid 
crystal panel using a polysilicon TFT as a Switching device, 
Such lowering cannot be ignored. 

Furthermore a conventional projection-type display appa 
ratus having a prism composite System in which a color 
Synthesizing means consists of a dichroic prism is well 
known. The dichroic prism is an optical element which is 
rotationally Symmetrical about the center axis of a projection 
lens. Therefore, astigmatism caused by this prism can be 
easily removed by the design of the projection lens. The 
MTF of the projection-type display apparatus having Such a 
prism composite System is generally Superior to that of the 
above-mentioned display apparatus having the mirror com 
posite System. Accordingly, Such apparatus is Suitable in the 
case in which a liquid crystal panel having a Small pixel 
pitch is used as a light valve. 
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2 
Another type of conventional projection-type display 

apparatus is disclosed in, for example, U.S. Pat. No. 4,943, 
154. In this apparatus, the decrease in the amount of light 
and the unevenneSS in color are restricted by equalizing the 
optical path lengths (the distances between a light Source 
and liquid crystal panels) of beams of three colors in a color 
Separating means. In other words, a light transmitting means 
constituted by a relay lens, a field lens and So on is 
interposed on an optical path of the beam having the longest 
optical path length in the apparatus disclosed in the Speci 
fication of this patent, thereby optically equalizing the 
optical path lengths of the color beams. 

However, in this apparatus, while the light amount of the 
color beam having the longest optical path length is not 
reduced the brightness distribution thereof is made to do a 
complete about-face by the relay lens. Therefore, if the 
initial brightness distribution is not axially Symmetrical, 
color unevenneSS arises in the display on a Screen, and the 
quality of the display is degraded. Although Such color 
unevenneSS does not arise if the brightness distribution of 
the beam is axially Symmetrical, in fact, the brightness 
distribution is normally made axially asymmetrical by the 
displacement of an attachment position of a light Source 
lamp and the Slight asymmetrical properties of the light 
Source lamp and a reflecting mirror. 

In a projection-type display apparatus, it is desirable to 
increase the luminous intensity of an image to be projected, 
and to obtain an image quality close to that of the image 
directly viewed on a CRT, without unevenness in color and 
luminous intensity. For Such purpose, it is preferable to use 
a prism composite System having a good transfer character 
istic as a color Synthesizing System. It is also preferable to 
efficiently illuminate a liquid crystal panel with uniform 
brightness by using an optical integrator in a light Source 
portion. However, if the optical integrator is used in a case 
in which the optical path lengths of the beams in the color 
Separating System are different, the decease in the amount of 
light and change of brightness distribution of the beam 
having the longest optical path are remarkable. This results 
in color unevenneSS and a change in color temperature of a 
projected image. Therefore, a Sufficient effect of the optical 
integrator cannot be shown. Furthermore, when the optical 
integer is used in the light Source portion, the conventional 
art cannot be utilized as it is. In other words, Since a diverged 
beam from a plane light Source which exit in a finite position 
(a beam outgoing plane of the optical integrator) away from 
the liquid crystal panel illuminates the liquid crystal panel, 
the illumination with the optical integrator is basically 
different from the illumination from a point light source 
existing at an infinite distance from the liquid crystal panel, 
as in the arrangement of the conventional art. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
projection-type display apparatus which can generate a 
projection image of higher quality, compared with the 
above-mentioned conventional projection-type display 
apparatus, without any unevenneSS in luminous intensity and 
color. 

Another object of the present invention is to provide an 
inexpensive projection-type display apparatus which can 
generate a projection image of high quality. 

Still another object of the present invention is to provide 
a projection-type display apparatus which can generate a 
projection image having higher luminous intensity than a 
conventional one. 
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A further object of the present invention is to provide a 
compact projection-type display apparatus which can gen 
erate a projection image of high quality. 
A still further object of the present invention is to provide 

a projection-type display apparatus Suited to be used for 
front projection. 

In order to achieve the above objects, the present inven 
tion provides a projection-type display apparatus comprising 
a light Source, a color Separating means for Separating a 
white light beam emitted from the light source into beams of 
three primary colors, three light valves for modulating the 
Separated color beams, a light guide means located on an 
optical path of the color beam having the longest optical path 
length among the color beams Separated by the color Sepa 
rating means and respectively incident on the three light 
Valves, a color Synthesizing means for Synthesizing the color 
beams modulated through the light valves, and a projection 
lens for projecting the Synthesized and modulated beam onto 
a Screen. A uniform illumination optical means is interposed 
on an optical path between the light Source and the color 
Separating means for converting the white beam from the 
light Source into a uniform rectangular beam, and for out 
putting the beams toward the color Separating means. Three 
condenser lenses are located respectively in outputting por 
tions of the color Separating means for emitting the color 
light beams to convert the diverged beams output from the 
uniform illumination optical means into almost collimated 
beams. The color Synthesizing means consists of a dichroic 
prism, and the light guide means is constituted by an 
incident Side reflecting mirror, an output Side reflecting 
mirror, and at least one lens. 

In the projection-type display apparatus of the present 
invention having Such constitution, the light valves are 
illumined by the uniform illumination means, the diverged 
color beams are collimated by the condenser lenses respec 
tively located on the optical paths of the color beams, and the 
optical path lengths of the color beams are optically equal 
ized by making one of the color beams pass through the light 
guide System. Therefore, according to the present invention, 
it is possible to form a projection image having uniform 
illumination distribution, little color unevenness, and more 
brightness and higher quality than ever. 

It is preferable that the light guide means have one 
intermediate lens, and that the focal length of the interme 
diate lens be set within a range of approximately 0.9 to 1.1 
times the optical path length of the light guide means. 

The light guide means may also comprise an incident lens 
located in the incident Side of the incident Side reflecting 
mirror, an output lens located on the output Side of the output 
Side reflecting mirror, and an intermediate lens located 
between the incident and output Side reflecting mirrors. In 
this case, it is preferable that the focal lengths of the incident 
and output Side lenses each be set between approximately 
0.5 and 0.7 times the optical path length of the light guide 
means and that the focal length of the intermediate lens be 
set between approximately 0.25 and 0.4 times the optical 
path length of the light guide means So as to restrict any 
aberration. 

Furthermore, in this case, it is preferable to make the 
optical System compact by combining the above-mentioned 
incident lens and the above-mentioned condenser lens (for 
making the collimated beam incident on the incident lens) 
into a Single lens. If the Single lens is employed, it is 
preferable that the lens be an aspherical lens in order to 
restrict aberration in the periphery thereof. 

Liquid crystal panels are available as the above 
mentioned light valves. In this case, it is preferable that 
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4 
resolution of a projection image be enhanced by Setting a 
pixel pitch of each liquid crystal panel at approximately 50 
tim or less. 
On the other hand, the uniform illumination optical Sys 

tem may be provided with at least one lens plate consisting 
of a plurality of lenses arranged in a plane perpendicular to 
the chief axis of the light emitted from the light Source lamp. 
In this case, it is preferable that the split number of the lens 
plate in one direction be set between approximately 3 and 7. 
A green light beam whose amount of light is normally 

larger than that of other color beams, or a blue light beam in 
which the influence on an image quality caused by change 
in the amount of light is relatively difficult to detect is 
preferable as a color beam to be passed through the above 
described light guide means. 
The uniform illumination optical System may be consti 

tuted by a first lens plate, a Second lens plate and reflecting 
mirror interposed between the lens plates, and the optical 
path thereof may be folded, for example, at a right angle. 

Furthermore, it is preferable that a polarized beam con 
version means be located between the light Source lamp and 
the unform illumination optical means. The polarized beam 
conversion means is constituted by a polarized beam Sepa 
rating element for Separating a random polarized beam from 
the light source lamp into two linearly polarized P and S 
beams, and a polarization plane rotating means for rotating 
a polarization plane of one of the two Separated and polar 
ized beams at an angle of 90 so as to coincide with that of 
the other linearly polarized beam. Since the use of the 
polarized beam conversion means makes it possible to 
enhance the use efficiency of light emitted from the light 
Source lamp, the luminous intensity of a projection image 
can be increased. 
The projection-type display apparatus of the present 

invention is characterized in that the above light guide 
System is provided with an incident Side triangular prism 
located on the incident Side for folding an optical path at a 
right angle, an output Side triangular prism located on the 
output Side for folding the optical path at a right angle, and 
a light guide member located between these triangular 
prisms. Even in the projection-type display apparatus having 
Such constitution, it is possible to form a projection image 
with uniform illumination distribution, little color uneven 
neSS and more brightneSS and higher quality than even. 
AS the light guide member, a quadratic prism may be 

used. It is preferable that interfaces of the triangular prism 
and the quadratic prism be covered with an anti-reflective 
coating. Furthermore, it is preferable that a total reaction 
Surface of each triangular prism be coated with a metal film 
or a dielectric multilayer film. 

Another projection-type display apparatus of the present 
invention is Suited to be used as a front projector, and 
comprises a light Source, a color Separating means for 
Separating a white light beam emitted from the light Source 
into beams of three primary colors, three light valves for 
modulating the Separated color beams, a light guide means 
located on the optical path of the color beam having the 
longest optical path length among the color beams Separated 
by the color Separating means and respectively incident on 
the three light valves, a color Synthesizing means for Syn 
thesizing the color beams modulated through the light 
Valves, a projection lens means for projecting the Synthe 
sized and modulated beam onto a Screen, and a uniform 
illumination optical means located on an optical path 
between the light Source and the color Separating means for 
converting the white beam from the light Source into a 
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uniform rectangular beam and for emitting the beam into the 
color Separating means. Three condenser lenses are located 
respectively in emitting portions of the color Separating 
means for emitting the color light beams So as to convert the 
diverged beam output from the uniform illumination optical 
means into almost collimated beams. The color Synthesizing 
means is constituted by a dichroic prism. The light guide 
means comprises an incident Side reflecting mirror, an 
output Side reflecting mirror, and at least one lens. The 
optical path is formed so that the direction of the beam from 
the projection lens is parallel and reverse to the onward 
direction of the light beam emitted from the light Source. A 
cooling means for the light Source is located on the output 
Side of the projection light in an a case. A vent for the 
cooling means is formed on a side Surface of the case on the 
output Side of the projection light. 

According to Such constitution, Since the cooling means is 
located on the reverse Side to a viewer of a projection image, 
it is advantageous in preventing noises and exhausted air 
from the cooling means from disturbing the viewer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic view showing a general constitution 
of a projection-type display apparatus according to a first 
embodiment of the present invention; 

FIG. 2 is a graph showing the relationship between the 
pixel density and the transfer characteristic (MTF) of a 
liquid crystal panel used as a light valve in the projection 
type display apparatus; 

FIGS. 3(A), (B) and (C) are schematic perspective views 
showing the Structure of first and Second lens plans consti 
tuting a uniform illumination optical device as shown in 
FIG. 1; 

FIG. 4 is a graph showing the relationship between the 
split number of the lens plates of the uniform illumination 
optical device and color unevenness, 

FIGS. 5(A) and (B) each are dims explaining the opera 
tion of the uniform illumination optical device; 

FIG. 6 is a Schematic structural view showing a variation 
of a light guide System in the first embodiment of the present 
invention; 

FIGS. 7(A) and (B) are, respectively, a schematic struc 
tural view showing another variation of the light guide 
System of the first embodiment of the present invention, and 
an explanatory view of the operation thereof; 

FIGS. 8(A) and (B) are, respectively, a schematic struc 
tural view showing a further variation of the light guide 
System of the first embodiment of the present invention, and 
an explanatory view of the operation thereof; 

FIG. 9 is a schematic structural view showing a variation 
of the light guide system shown in FIG. 8(A); 

FIGS. 10(A) and (B) are, respectively, a schematic struc 
tural view showing in optical System in a projection-type 
display apparatus according to a Second embodiment of the 
present invention, and an explanatory view showing a light 
guide System therein; 

FIGS. 10(C) and (D) are explanatory views showing 
variations of the light guide system shown in FIG. 10(B); 

FIG. 11 is a Schematic Structural view showing an optical 
System and a cooling fan of a projection-type display 
apparatus according to a fourth embodiment of the present 
invention; 

FIG. 12 is an explanatory view showing the structure of 
a polarized beam conversion device incorporated in the 
illumination optical system shown in FIG. 11; 
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FIG. 13 is a schematic structural view showing a variation 

of the uniform illumination optical device shown in FIG. 1; 
FIGS. 14(A) and (B) arm schematic structural views 

showing a projection-type display apparatus according to a 
third embodiment of the present invention, and a variation 
thereof; 

FIG. 15(A) is an explanatory view of a light guide system 
as shown in FIG. 14(A); and 

FIG. 15(B) is an explanatory view of a variation of the 
light guide system shown in FIG. 15(A). 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will be described 
below in reference to the drawings. 

First Embodiment 

FIG. 1 shows an optical System of a projection-type 
display apparatus according to a first embodiment of the 
present invention. A projection-type display apparatuS 1 in 
this embodiment is comprised of an illumination optical 
System 2A constituted by a light Source 2 and a uniform 
illumination optical device 3, a color Separating optical 
system 4 for separating a white beam W output from the 
illumination optical System 2A through the uniform illumi 
nation optical device 3 into color beams R, G and B of red, 
green and blue, three liquid crystal panels 5R, 5G and 5B as 
light valves for modulating the color beams, a color Syn 
thesizing optical System 6 for Synthesizing the modulated 
color beams again, and a projection lens 7 for magnifying 
and projecting the Synthesized beam onto a Screen 8. There 
is also provided a light guide System 9 for guiding the green 
beam G among the color beams, separated by the color 
Separating optical System 4, to the liquid crystal valve 5G. 
The light source 2 in this embodiment is constituted by a 

light Source lamp 21 and a curved reflecting mirror 22. AS 
the light Source lamp 21, a tungsten halogen lamp, a metal 
halide lamp, a Xenon lamp and So on can be used. Though 
the details of the uniform illumination optical system 3 will 
be described below, the optical system 3 is constituted by fit 
and Second lens plates 31 and 32 arranged on a plane 
perpendicular to a chief axis 1a thereof. 
The color Separating optical System 4 is constituted by a 

blue/green reflecting dichroic mirror 401, a blue reflecting 
dichroic mirror 402 and reflecting mirror 403. The blue and 
green beams B and G contained in the white beam W are 
reflected at a right angle by the blue/green reflecting dichroic 
mirror 401, and directed toward the blue reflecting dichroic 
mirror 402. The red beam R passes through this mirror 401, 
is reflected at a right angle by the reflecting mirror 403, and 
is output from an outputting portion 404 for the red beam 
toward the color Synthesizing optical System. AS for the blue 
and green beams B and G reflected by the mirror 401, only 
the blue beam B is reflected at a right angle by the blue 
reflecting dichroic mirror 402, and output from an outputting 
portion 405 for the blue beam toward the color synthesizing 
optical System. The green beam G passes through the mirror 
402, and is output from an outputting portion 406 for the 
green beam toward the light guide System 9. In this 
embodiment, the distances between the outputting portion of 
the uniform illumination optical device 3 for the white beam 
and the outputting portions 404, 405 and 406 for the color 
beams in the color Separating optical System 4 are set to be 
equal. 

In this embodiment, condenser lenses 101, 102 and 103, 
each of which consists of a planoconvex lens, are respec 
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tively located on the outputting Sides of the outputting 
portions 404, 405 and 406 of the color separating optical 
system 4 for the color beams. Therefore, the color beams 
output from the outputting portions come into the condenser 
lens 101-103 to be collimated. 

The red and blue beams R and B, among the collimated 
color beams R, G and B, come into the liquid crystal panels 
5R and 5B located just behind the condenser lenses 101 and 
102, and are modulated and applied with image information 
corresponding to the respective color beams. In other words, 
Switching control operations are performed according to the 
image information by illustrated drive means in these liquid 
crystal panels, thereby modulating the color beams passing 
therethrough. AS Such drive means, a well-known type of 
drive means can be used as is, and the explanation thereof 
is omitted this embodiment. On the other hand, the green 
beam G is guided to the corresponding liquid crystal panel 
5G through the light guide system 9, and modulated accord 
ing to image inflation in the same manner as above. Each of 
the liquid crystal panels employed in this embodiment has a 
pixel pitch of 50 um or less and uses a polysilicon TFT as 
a Switching device. 
The light guide system 9 in this embodiment is constituted 

by an incident Side reflecting mirror 91, an output Side 
reflecting mirror 92 and an intermediate lens 93 located 
between the reflecting mirrors 91 and 92. In this 
embodiment, the focal length of the intermediate lens 93 is 
Set to be equal to the total optical path length of the light 
guide System 9. The focal length can be set within a range 
of approximately 0.9 to 1.1 times of the total optical path 
length of the light guide System 9. Among the optical path 
lengths of the color beams, that is, the distances between the 
light Source lamp 21 and the liquid crystal panels, the 
distance of the green beam G is the longest, and therefore, 
the green beam Gloses the most amount of light. However, 
the interposition of the light guide system 9 in this embodi 
ment can restrict the loSS in the amount of light. Therefore, 
the optical path lengths of the color beams can be Substan 
tially equalized. A color beam passing through the light 
guide system 9 may be red or blue. However, since the 
amount of green light is more than those of other colors in 
an ordinary projection-type display apparatus, it is generally 
preferable to assign the green beam to the optical path 
passing through the light guide beam 9. If brightness or 
evenness in image quality takes priority over color balance, 
it is allowable to assign the blue beam, which has a low 
Spectral luminous efficacy and in which unevenneSS in 
luminous intensity is relatively difficult to detect, to the light 
guide System 9. 

The color beams modulated by the respective liquid 
crystal panels 5R, 5G and 5B are made incident on the color 
Synthesizing optical System 6. The color Synthesizing optical 
System 6 consists of a dichroic prism in this embodiment. AS 
the color Synthesizing optical System, a mirror composite 
System having dichroic mirrors arranged in the shape of an 
X may be employed. However, in a projection-type display 
apparatus having a color Synthesizing System which has a 
mirror composite System comprised of dichroic mirrors, 
each of the dichroic mirrorS is an optical element which is 
rotationally asymmetrical about the chief axis of a projection 
lens. Therefore, astigmatism arises in an image on a Screen, 
and the Modulation Transfer Function (MTF) of the projec 
tion optical System is lowered. As a result, the image is 
blurred and Sharpness thereof is reduced. In a case in which 
the size of a liquid crystal panel is large relative to the 
number of pixels, in other words, when the pixel pitch is 
large, the lowering of the MTF does not cause a large 
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8 
problem. However, when the pixel pitch is Small, Such as in 
the case of a liquid crystal panel using a polysilicon TFT as 
the Switching device in this embodiment, Such lowering 
cannot be ignored. Since the dichroic prism is used as the 
color Synthesizing optical System 6 in this embodiment, Such 
a bad effect can be avoided. 

That point will now be described with reference to FIG. 
2. This figure shows MTF characteristics for projection-type 
display apparatus having a prism composite System in this 
embodiment, and for a projection-type display apparatus 
having a mirror composite System as a color Synthesizing 
System. Referring to the figure, the horizontal axis indicates 
the Spatial frequency (line/mm) representing the fineness of 
pixels of the display panel, and the vertical axis indicates 
MTF characteristics(%). Solid lines each indicate the char 
acteristic of the projection optical System with the prism 
composite System. A bold Solid line indicates the character 
istic of the center portion of an image plane, and a thin Solid 
line indicates that of the peripheral portion of the image 
plane. Similarly, broken lines each indicate the characteristic 
of the projection optical System with the mirror composite 
System. Abold broken line indicates the characteristic of the 
center portion of the image plane, and a thin broken line 
indicates that of the peripheral portion of the image plane. 

In the case of the mirror composite System, Since the 
mirror is instead at an angle of 45 degrees, astigmatism 
arises, thereby lowering the MTF characteristic of the pro 
jection lens alone. In the case of a liquid crystal panel using 
a polysilicon TFT as a Switching device and having a pixel 
pitch of less than 50 lum, a MTF characteristic of more than 
30% is necessary relative to a spatial frequency of 20 
(line/mm). However, it is apparent that a sufficient MTF 
characteristic cannot be obtained in the peripheral potion of 
the image plane when the mirror composite System is used. 
On the other hand, when the prism composite System is used 
in this embodiment, the MTF characteristic is not lowered 
Since astigmatism caused by the prism can be removed by 
the design of the projection lens. 

In the apparatus of this embodiment, the color beams are 
Synthesized in the color Synthesizing System consisting of a 
dichroic prism, and an optical image can be obtained and 
projected onto the screen 8 by the projection lens 7 under 
magnification. A lens close to a telecentric System is pref 
erable as a projection lens. 
(Illumination Optical System) 
An optical integrator lens generally used in an exposer is 

suitable for the uniform illumination optical device 3 in the 
illumination optical system of this embodiment. The basic 
structure of the uniform illumination optical device 3 used in 
the projection-type display device is illustrated in FIG.3(A). 
AS shown in this figure, the uniform illumination optical 
device 3 consists of the first and second lens 31 and 32. The 
first lens plate 31 is formed from a matrix of a plurality of 
rectangular lenses 301, and the Second lens plate 32 is 
similarly formed from a plurality of rectangular lenses 302. 
Each of the rectangular lenses 301 of the first lens plate 31 
is shaped Similarly to the liquid crystal panel to be illumi 
nated. Images on these rectangular lenses 301 are Super 
posed onto the liquid crystal panel by the corresponding 
rectangular lenses 302 constituting the Second lens plate 32. 
Therefore, the liquid crystal panel is illuminated with uni 
form illumination and little color unevenness. 

In this embodiment, the rectangular lenses in the lens 
plates 31 and 32 are respectively arranged in a 4 by 3 matrix. 
It is preferable that the most split number of the lens plates 
in the vertical or horizontal direction be within a range of 
approximately 3 to 7. Furthermore, it is not always neces 
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Sary to Separate the first and Second lens plates 31 and 32. 
These lens plates 31 and 32 can be brought closer together 
by making the size of each rectangular lens Smaller and 
increasing the Split number of the incident beam. 
Furthermore, the lens plates 31 and 32 may be combined 
into a Single lens plate. 

Referring to FIG. 4, the relationship between the split 
number of the rectangular lenses of the lens plates 31 and 32 
constituting the uniform illumination optical device 3 and 
color unevenneSS will be described. In a graph shown in 
FIG. 4, the horizontal axis indicates the split number of the 
first and Second lens plates (integrator lenses), and the 
Vertical axis indicates color unevenness, differences in color 
among the center portion (1 portion) and the peripheral 
portions (4 portions) on the screen 8, as differences on a UV 
chromaticity coordinate. The Smaller the value indicating 
color unevenness, the Smaller the degree of color uneven 
neSS is. In the figure, a value indicated by a broken line is the 
largest color unevenneSS which regarded as permissible as 
color unevenness. 
AS Shown in this graph, it is preferable that the split 

number be 3 or more. However, the increase of the split 
number leads to an increase in cost from the Viewpoint of 
production. Therefore, a practical split number is within a 
range of approximately 3 to 7. 

FIG.3(B) illustrates another arrangement example of the 
first and Second lens plates 31 and 32 constituting the 
uniform illumination optical device 3. In the example shown 
in this figure, each of the lens plates is also constituted by 
rectangular lens plates of the Same size. However, as for the 
arrangement of the rectangular lenses, the split number in 
the vertical direction is 7. The split number in the horizontal 
direction is 3 in the top and bottom lines, 5 in the center three 
lines and 4 in other lines. 

The uniform illumination optical device 3 may be con 
Sisted by a first lens plate 31 consisting of a plurality of 
cylindrical lenses 301 and a Second lens plate 32 consisting 
of a plurality of cylindrical lenses 302" as shown in FIG. 
3(C). In this case, the luminous intensity is made uniform 
only in one direction, and the luminous intensity of the 
center of an object to be illuminated is higher than those of 
the cases shown in FIGS. 3(A) and (B). Furthermore, the 
arrangement of the lenses is relatively simple, thinning of 
the lenses can be easily performed. 

The operation in illuminating the liquid crystal panels 5R. 
5G and 5B by the uniform illumination optical device 3 
having the above-mentioned arrangement will now be 
described with reference to FIG. 5(A). As mentioned above, 
a light emitting Source close to a point Source, Such as a 
tungsten halogen lamp, a metal halide lamp, a Xenon lamp 
and So on, is employed as the light Source 2. The beam 
emitted from the lamp is reflected by the reflecting mirror 
22. The shape of the reflection plane of the reflecting mirror 
22 may be elliptical, and in this case, a first focus is made 
coincident with the emitting portion of the light Source lamp 
21 and the Second focus is made coincident with the center 
of the liquid crystal panel 5 (5R, 5G and 5B). As a result the 
beam reflected by the reflecting mirror 22 advances toward 
the center of the liquid crystal panel 5. In this case, the size 
of the Second lens plate 32, that is, the size of each of the 
rectangular lenses 302 constituting the lens plate 32, is Set 
smaller than that of the first lens plate 31 so that the center 
of each rectangular lens 302 of the second lens plate 32 is 
positioned on a line between the center of each correspond 
ing rectangular lens 301 of the first lens plate 31 and the 
center of the liquid crystal panel 5. 

Each of the angular lenses 301 of the first lens plate 31 
condenses the beam onto the center of the corresponding 
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10 
rectangular lenses 302 of the second lens plate 32. The 
rectangular lenses 302 of the Second lens plate 32 Superim 
pose images on the corresponding rectangular lenses 301 of 
the first lens plate 31 onto a display area 5A (an area 
diagonally shaded in the figure) of the liquid crystal panel 5. 
Since the image in the outputting portion of the light Source 
lamp 21 is thus formed on the center of each rectangular lens 
302 of the second lens plate 32, the whole second lens plate 
32 functions as a Secondary light Source. Therefore, for 
example, a chief ray 303 of a beam incident on the end of 
the display area 5A of the liquid crystal panel 5 coincides 
with a line which links the center of the second lens plate 32 
and the end of the display area 5A. In other words, since the 
illumination beam to the liquid crystal panel 5 is a diverged 
beam from the Second lens plate 32, it is necessary to 
collimate the diverged beam in order to make a collimated 
beam incident on the liquid crystal panel 5. The condenser 
lenses 101,102 and 103 are arranged in this embodiment to 
Serve that purpose. The focal length of each condenser lens 
is Set equal to a distance b between the Second lens plate 32 
and the condenser lens. In this embodiment, a planoconvex 
lens which is located with a convex plane facing the liquid 
crystal panel 5 is used as the condenser lens. The convex 
plane may be set to face the Second lens plate 32. A 
double-convex lens or a Fresnel lens may be used instead of 
the planoconvex lens. Thus, the chief ray of the beam output 
through the liquid crystal panel 5 is made parallel to the 
center axis 1a of the whole illumination optical System 
through the use of the condenser lenses 101, 102 and 103. 

FIG. 5(B) illustrates a variation of the illumination optical 
System. In this variation, a parabolical plane is used as a 
reflection plane of the reflecting mirror 22 of the light Source 
2. Since the focus of the parabolical plane is made coinci 
dent with the emitting portion the light Source lamp 21 in 
this case, a beam reflected by the reflecting mirror 22 is 
almost parallel to the center axis 1a of the illumination 
system. Therefore, the uniform illumination optical device 3 
used in this case is constituted by first and Second lens plates 
31' and 32 of the same size and rectangular lenses consti 
tuting the lens plates each have the same focal length. 
Rectangular lenses 302 of the second lens plate 32' form an 
image on corresponding rectangular lenses of the first lens 
plate 31' at an infinite distance. Therefore, a lens 306 is 
added in this case in order to form the image to be formed 
at an infinite distance onto the display area 5A of the liquid 
crystal panel 5. The focal length of the lens 306 is set to be 
equal to the distance between the lens 306 and the liquid 
crystal panel 5. The lens 306 may be integrally formed with 
the Second lens plate 32. 
When the split number by the rectangular lenses of the 

lens plates 31 and 32 is relatively small, the distance 
between the lens plates 31 and 32 can be relatively long, and 
a reflecting mirror 33 can be interposed between the lens 
plates 31 and 32 as shown in FIG. 13. In this case, it is 
advantageous that the Volume of the uniform illumination 
optical system is almost half of that in the above embodi 
ment. Furthermore, all the optical Systems can be arranged 
in an area close to a Square as shown in the figure, and it 
contributes to downsizing of the whole apparatus. 

(Light Guide System) 
AS mentioned above, the light guide System 9 in this 

embodiment is constituted by the two reflecting mirrors 91 
and 92 and the intermediate lens 93 located therebetween. 
Another arrangement of the light guide System applicable to 
this embodiment will now be described below. 
A light guide system 9A shown in FIG. 6 has the arrange 

ment obtained by omitting the intermediate lens 93 from the 
light guide system 9 in this embodiment. 
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A light guide system 9B shown in FIG. 7(A) has the 
arrangement in which an incident lens 94 is added on the 
incident side thereof and an outputting lens 95 is added on 
the output Side thereof besides the arrangement of the light 
guide system 9 in this embodiment. 

Referring to FIG. 7(B), the operation of the light guide 
system 9B having such arrangement will now be described. 
In the figure, a linear System is employed without a pair of 
reflecting mirrors 91 and 92 in order to make the description 
plain. As shown in the figure, the intermediate lens 93 is 
located just at the center of the whole optical path of the light 
guide system 9B, and when it is assumed that the total 
optical path length is 2a, the focal length of the intermediate 
lens 93 is set to be almost equal to a/2. Therefore, the 
intermediate lens 93 forms an image of an object 96 on the 
incident side of the light guide system 9B onto the output 
side thereof as a reversed image 97. In other words, the 
illumination distribution on the incident side is transferred 
with a 180-degree turn on the emission side. However, Since 
the illumination optical system provided with the uniform 
illumination optical device 3 is employed in this 
embodiment, the illumination distribution is almost Sym 
metrical about the 180-degree turn. Therefore, even if the 
illumination distribution is turned or reversed, no color 
unevenneSS arises on the display. 
On the other hand, the incident lens 94 has a focal length 

which equals a distance a to the intermediate lens 93, and 
directs main ray 9a of the beam G collimated through the 
condenser lens 103 toward the center of the intermediate 
lens 93. Therefore, an image on the second lens plate 32 on 
the output side of the uniform illumination optical device 3 
is formed in the center of the intermediate lens 93. 
Furthermore, the outputting lens 95 also has a focal length 
Set to be equal to a, and collimates and outputs the chief ray 
of the diverged beam output from the center of the inter 
mediate lens 93. The incident lens 94 is, as shown in the 
figure, a planoconvex lens, and is located with a convex side 
thereof facing the incident Side, thereby decreasing its 
spherical aberration. The output lens 95 is also a planocon 
VeX lens located with a convex side thereof facing on the 
output Side. 

It is preferable that the focal lengths of the incident lens 
94 and the output lens 95 be each set within a range of 
approximately 0.5 to approximately 0.7 of the total optical 
path length (2.a) of the light guide system 9B. In order to 
decease the Spherical aberration, it is preferable that the 
focal length of the in lens 93 be a little longer than of the 
total optical path length (2a), and be set within a range of 
approximately 0.25 to approximately 0.4 times of the total 
optical path length. 

FIG. 8(A) illustrates a variation of the above-mentioned 
light guide system 9B. In a light guide system 9C shown in 
this figure, there is provided a lens 99 made by integrally 
forming the incident lens 94 and the condenser lens 103 
located on this side in the direction of the optical path in the 
light guide system 9B. The focal length of the lens 99 is set 
at a value obtained by adding the reacting powers of the 
incident lens 94 and the condenser lens 103, in short, 
ab/(a+b) as shown in FIG. 8(B). It is preferable that the lens 
99 be a double-convex lens in order to reduce spherical 
aberration. In FIG. 8(B), the intermediate lens 93 is consti 
tuted by two planoconvex lenses 931 and 932. As shown in 
the figure, the focal length of each of the planoconvex lenses 
931 and 932 is set at a. By locating the lenses 931 and 932 
So that convex planes thereof face each other, Spherical 
aberration can be made extremely Smaller than that in use of 
a Single double-convex lens. As a result it is possible to 
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transfer the illumination distribution on the incident side of 
the light guide System to the outputting Side with extreme 
precision. 

FIG. 9 illustrates a variation of the light guide system 9C. 
In an illustrated light guide system 9D, an aspherical lens 98 
is employed instead of the integrated lens 99 in the above 
light guide System 9C. The use of the aspherical lens makes 
Spherical aberration even Smaller than that in use of the 
double-convex lens. Therefore, the illumination distribution 
on the incident Side of the light guide System can be 
transferred to the output Side with extreme precision. 

(Advantage of First Embodiment) 
AS described above, in the projection-type display appa 

ratus 1 of this embodiment, the employed illumination 
optical System is provided with the uniform illumination 
optical device 3, and a dichroic prism, which is an axially 
Symmetrical optical device, is used as the color Synthesizing 
optical System. Therefore, it is possible to realize a 
projection-type display apparatus in which unevenneSS in 
color and luminous intensity is Small and the illumination 
efficiency is high. Furthermore, Since the color Synthesizing 
System including a dichroic prism is used the focal length of 
the projection lens can be shortened, and a large-scale 
display at a short distance can be performed. Consequently, 
the application of the constitution of this embodiment to a 
rear projector makes it possible to Shorten the depth of the 
projector, and to make the projector compact. 

Furthermore, Since the focal lengths of the intermediate 
lens, the incident lens and the outputting lens, which are 
optical devices constituting the light guide System are Set at 
proper values, it is possible to decrease the occurrence of 
color unevenneSS and the loSS in the amount of light of the 
color beams passing through those optical devices, thereby 
restricting unevenneSS in color and luminous intensity of a 
projection image, and forming a bright image. 

Still furthermore, when the incident lens and the output 
ting lens are integrally formed in the light guide System, 
Since the number of components can be reduced, the optical 
System can be compact and inexpensive. If the integrated 
lens is replaced with an aspherical lens, it is possible to make 
the optical System compact and reduce Spherical aberration. 
On the other hand, in this embodiment, since the split 

number in the uniform illumination optical device is set with 
a range of 3 to 7, and the pixel pitch of the liquid crystal 
panel is set to less than 50 lum, color unevenness, blurring 
and So on of the projection image can be restricted. 
Therefore, it is possible to realize a projection-type display 
apparatus capable of forming a projection image of high 
quality. 

Second Embodiment 
FIG. 10(A) illustrates a projection-type display apparatus 

according to a Second embodiment of the present invention. 
A projection-type display apparatus 100 in this embodiment 
is the same as the above-mentioned projection-type display 
apparatuS 1 in the first embodiment except for the Structure 
of a light guide System. Therefore, like components are 
denoted by like numerals, and the explanation thereof is 
omitted. 
A light guide System 9E in the projection-type display 

apparatus 100 of this embodiment is constituted by an 
incident Side triangular prism 901, an output Side triangular 
prism 902 and a quadratic prism 903 located between the 
triangular prisms 901 and 902. 
The operation of the light guide system 9E in this embodi 

ment will be described with reference to FIG. 10(B). A light 
beam collimated by the condenser lens 103 vertically enters 
an incident plane 904 of the triangular prism 901, is reflected 
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by a total reflection plane 905, and output from an outputting 
plane 906. The total resection plane 905 may be an optical 
flat Surface merely made of glass or plastic. However, if the 
incident beam includes a light beam of an angle which is not 
totally internally reflected, it is preferable that the total 
internal reflection plane 905 be coated with a metal film, 
Such as aluminum, Silver and So on. Instead, coating with a 
dielectric multilayer reflective film may be conducted. Since 
the incident plane 904 and the outputting plane 906 serve to 
guide light by total internal refection, as illustrated, each of 
them should be an interface between air and the glass 
material, and cannot be in contact with adjacent optical 
elements. Therefore, it is necessary that the five planes of the 
triangular prism 901 be optically flat planes and, in Some 
cases, the incident plane 904 and the outputting plane 906 
thereof should have a reflection attenuation coating applied 
thereto. In particular, it is preferable that a non-reflection 
coating be applied to the interface between the triangular 
prism 901 and the adjacent quadratic prism 903. 

The six planes of the quadratic prism 903 should all be 
optically flat planes. The four planes 907 parallel to a main 
axis of the beam passing therethrough guide the light beam 
by total internal reflection. The triangular prism 902 on the 
outputside of the quadratic prism 903 has the same structure 
as that of the triangular prism 901 on the incident side. The 
emitted beam enters the display area 5A of the liquid crystal 
panel 5G. 

In order to enhance the transfer rate of the beam, the shape 
of the incident 904 of the triangular prism 901, and the shape 
of the emitting plane of the triangular prism 902 are almost 
the same as the rectangular shape of the display area 5A of 
the liquid crystal panel 5G. A uniform illumination optical 
device 3 of the illumination optical System is, a shown in 
FIG. 3, constituted by first and Second lens plates 31 and 32, 
each of which has rectangular lenses arranged in a matrix. 
Therefore, the incident Surface 94 of the incident side 
triangular prism 901 is almost uniformly illuminated in 
relation to the triangular shape thereof. The three prisms 
transfer the incident beam to the display area 5A of the liquid 
crystal panel 5G while maintaining the amount of light, the 
collimated State, and uniform brightness distribution of the 
incident beam. Tough it is necessary to locate the triangular 
prism 902 on the output side and the liquid crystal panel 5G 
close to each other, if there is a distance which between them 
cannot be ignored, a prism or a lens for light guiding may be 
additionally provided. 
The same advantage a that of the above-mentioned first 

embodiment can be obtained by the projection-type display 
apparatus having Such constitution in this embodiment. 
Instead of the quadratic prism 903 of the light guide system 
in this embodiment, for example, a cylindrical light guide 
member formed from the combination of four reflecting 
mirrors may be employed. 
The quadratic prism 903 shown in FIG. 10(B) may be 

replaced with a cylindrical light guide System constituted by 
four reflectivity mirrors 903", as shown in FIG. 10(C). 
Though the reflectance of the light guide Surfaces is slightly 
lowered, the operation is not changed. AS Shown in FIG. 
10(D), the light guide system may also be constituted by two 
upper and lower reflecting plates 911 and 912, and two 
reflecting mirrors 913 and 914, for folding the optical path. 
In this case, though the incident beam cannot be transferred 
without a loSS in the amount of light, the loSS amount can be 
reduced to Some extent by Shortening the focal length of the 
lens 103. Since the illumination distribution also cannot be 
maintained, this method is Suited to the uniform illumination 
optical device using the cylindrical lenses shown in FIG. 
3(C). 
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Third Embodiment 
FIG. 14(A) illustrates a projections display apparatus 

according to a third embodiment of the present invention. A 
projection-type display apparatus 500 in this embodiment is 
the same as the above-mentioned one of the first 
embodiment, except for the Structure of a light guide System 
thereof. Therefore, like components are denoted by like 
numerals, and the explanation thereof is omitted. 
A light guide System 9F in the projection-type display 

apparatus 500 of this embodiment is comprised of a field 
lens 921 which acts as an incident lens on the incident Side, 
a field lens 922 which acts as an output lens on the output 
side and a concave mirror 923. A condenser lens 103 
adjacent to the incident portion of the light guide System 9F 
and the field lens 92.1 may be combined into a single lens. 
A light guide System 9G having Such Structure is illus 

trated in FIG. 14(B). An integrally formed lens 924 consists 
of a decentered double-convex lens as illustrated. 
A concrete Structure of the above-mentioned light guide 

system 9F is shown in FIG. 15(A). If it is assumed that a 
distance between the concave mirror 923 located in the 
center of the optical path and the field lens 921 or 922 is a, 
the focal length of the concave mirror 923 is almost equal to 
a/2. The curved Surface of the concave mirror 923 is 
spherical or elliptical. Therefore, the concave mirror 923 
forms an image of an object 802 in the incident portion on 
the emitting portion as a reflected image 803, and in fact, the 
illumination distribution in the incident portion is reversed 
in the emitting portion. The field lenses 921 and 922 each 
have a focal length equal to a, and optical axes 801 thereof 
coincide with each other in the center therebeween. The 
incident side field lens 921 focuses a collimated beam from 
the condenser lens 103 onto the center of the concave mirror 
923. The output side field lens 922 refracts the reflected 
beam from the concave mirror 923 so as to be perpendicular 
to a liquid crystal panel 5G. 
The light guide system 9F may be structured as shown in 

FIG. 15(B). In a light guide system 9H shown in the figure, 
two field lenses 921 and 922 in the above light guide system 
9E are replaced by a single lens 806, the concave mirror 923 
is replaced by a plane mirror 804 which is located at a 
distance of a/2 from the lens 6. Furthermore, a plane mirror 
805 is arranged perpendicular to an optical axis 807 of the 
lens 806. A collimated beam incident on the light guide 
system 9H is reflected by the plane mirror 804 through an 
end portion of the lens 806, and focused onto the center of 
the plane mirror 805. The beam reflected by the plane mirror 
805 is reflected by the plane mirror 804, passes through an 
end portion of the lens 806, and perpendicularly enters a 
display area 5A of a liquid crystal panel 5G. An image of an 
object 802 on the incident side is formed as a reflected image 
803 by the center of the lens 806. Since the beam passes 
through the center of the lens 806 twice, it is the same as the 
case the beam passes through a lens having a focal length of 
a/2. The constitution of this embodiment has an advantage in 
making the size of the apparatus Smaller than that in use of 
the above-mentioned light guide system 9F. 

Fourth Embodiment 
FIG. 11 illustrates a projection-type display apparatus 

according to a fourth embodiment of the present invention. 
A projection-type display apparatus 200 in this embodiment 
is contrived So as to compactly house an optical System in a 
case 201. The optical system in this embodiment is consti 
tuted by an illumination optical System 2B, a color Separat 
ing optical system 4, light valves 5R, 5G and 5B, a color 
Synthesizing optical System 6, a projection lens 7 and a light 
guide System 9D. Among these components, the color 
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separating optical system 4, the light valves 5R, 5G and 5B, 
the color Synthesizing optical System 6 and the projection 
lens 7 are the same as those in the apparatus 1 of the first 
embodiment. The light guide system 9D is the same as that 
shown in FIG. 8(A). Therefore, components corresponding 
to the above-mentioned ones are denoted by like numerals, 
and the explanation thereof is omitted. 

In the apparatus 200 of this embodiment, the direction of 
an emitted beam from a light Source lamp 21 is folded at a 
right angle in the illumination optical System 2B So that a 
chief axis 1A of a beam output from the illumination optical 
System 2B is parallel to an optical axis 7a of the projection 
lens 7. The illumination optical system 2B is provided with 
a polarized beam conversion System 11. 

In other words, the illumination optical system 2B in this 
embodiment is constituted by a light Source 2 composed of 
the lamp 21 and a reflecting mirror 22, the polarized beam 
conversion device 11 located on the emission side of the 
light Source 2, and a uniform illumination optical device 3A 
on the emission Side of the polarized beam conversion 
device 11. 
As shown in FIG. 12, the polarized beam conversion 

device 11 in this embodiment is constituted by a polarizing 
beam splitter 111, a reflecting mirror 112, and a 2/2 phase 
plate 113. A random polarized beam 114 emitted from the 
light Source 2 is separated into two linearly polarized beams, 
a P polarized beam 115 and an Spolarized beam 116, by the 
polarizing beam splitter 111 which is a polarized beam 
Separating element. Since the polarized beam Separating 
function of the polarizing beam splitter 111 has a depen 
dence on an incident angle, a light Source provided with a 
lamp having a short arc length and capable of emitting a 
beam excellent in parallelism is Suitable. When the separated 
P polarized beam 115 passes through the 2/2 phase plate 113 
which is a polarizing plane rotating element, a polarization 
plane thereof is turned at an angle of 90 and the P polarized 
beam 115 is converted into an S polarized beam. On the 
other hand, the S polarized beam 116 is output as it is while 
an optical path thereof is merely folded by the prismatic 
reflecting mirror 112. In this embodiment, the reflecting 
mirror 112 is made of, for example, an aluminum evaporated 
film. Since the reflecting mirror 112 has a higher reflectivity 
rate for an Spolarized beam than that for a Ppolarized beam, 
the optical path of the S polarized beam is folded by the 
reflecting mirror 112. AS the reflecting mirror 112, an 
ordinary plane reflecting mirror may be used instead of Such 
prismatic mirror. The random polarized beam 114 from the 
light Source is outputted as an S polarized beam by passing 
through the polarized beam conversion device 11 having 
such structure. Though the P polarized beam is converted 
into the S polarized beam in this embodiment it is also 
allowable for the S polarized beam to be converted into a P 
polarized beam, and the P polarized beam to be emitted from 
the polarized beam conversion device 11. 

The uniform illumination optical device 3A located on the 
output Side of the polarized beam conversion device 11 is 
comprised of a first lens plate 31 located on a plane 
perpendicular to the chief axis of the output S polarized 
beam 116, a second lens plate 32 orthogonal to the first lens 
plate 31, and a reflecting mirror 33 located between the lens 
plates 31 and 32 for folding the optical path at a right angle. 
The first and Second lens plates each have the same Structure 
as that in the first embodiment. The light beam incident on 
the uniform illumination optical device 3A is thus folded at 
a right angle and output. The output white S polarized beam 
is separated into beams of primary colors by the color 
Separating optical System 4. The Separated color beams are 
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Synthesized by the color Synthesizing optical System 6 
comprising a dichroic prism, and magnified and projected 
onto a Screen 8 through the projection lens 7 under magni 
fication. 
AS mentioned above, the optical path is formed in the 

apparatus 200 of this embodiment so that the direction of the 
projection beam is parallel and reverse to the emission 
direction of the illumination optical System 2B, and a 
cooling fan 12 for restricting heat generation of the light 
Source lamp 21 is located on the back Side of the light Source 
2 in the case 201. 

Therefore, air heated by cooling is exhausted in the same 
direction as the projection beam in the apparatus 200 of this 
embodiment. When an image is displayed on a reflection 
type Screen to be viewed while using this projection-type 
display apparatus as a front projector, a viewer is ordinarily 
present behind the apparatus. Therefore, it is advantageous 
in preventing the Seeing and hearing of the viewer from 
being disturbed by the noise of the cooling fan or the 
exhausted warm air. Furthermore, if the apparatus is 
installed in a place whose Space is relatively tight, Such as 
an audio rack, Since air is exhausted from the front thereof, 
the air is not exhausted into closed areas, which is conve 
nient. 

In the apparatus 200 of this embodiment, the illumination 
optical system 2B is provided with the polarized beam 
conversion device 11. Therefore, the random polarized beam 
emitted from the light Source is converted into two specific 
linearly polarized beams, and the converted beams are 
efficiently Supposed and output with little loSS incident to the 
emission. The System can realize a bright illumination and is 
capable of outputting polarized beams at high efficiency. 
Furthermore, since the output polarized beams pass through 
the uniform illumination optical device 3A in this 
embodiment, unevenneSS in color and luminous intensity 
caused in the light Source is restricted, and illumination light 
of high uniformity can be obtained. 
AS described above, the projection-type display apparatus 

of the present invention comprises, an illumination optical 
System having a uniform illumination optical device, a color 
Synthesizing System utilizing a dichroic prism, a light guide 
System located on the optical path of a color beam having the 
longest optical path length in a color Separating System. 
Emitted color beams Separated through the color Separating 
System are collimated by condenser lenses and applied onto 
light valves. Therefore, according to the present invention, 
unevenneSS in color and luminous intensity of light from a 
light Source is restricted by the uniform illumination optical 
device. The color Synthesizing System is a prism composite 
System which causes less unevenneSS in color and luminous 
intensity than a mirror composite System, and therefore, the 
unevenneSS in color and luminous intensity hardly arises 
therein. Furthermore, Since light of the color beam having 
the longest optical path length is transmitted with little loSS 
in the amount of light through the light guide System, and the 
collimated beams are applied onto the light valves by the 
condenser lenses, the loSS in the amount of light is Small, and 
the illumination efficiency is enhanced. Therefore, according 
to the present invention, it is possible to realize a projection 
type display apparatus which causes leSS unevenness in 
color and luminous intensity than ever, and the apparatus has 
a high illumination efficiency. 

In the present invention, the focal lengths of the lenses, 
which are components of the light guide System, are Set at 
appropriate values, or prisms are used as the light guide 
System. According to this constitution, Since unevenneSS in 
color and loSS in the amount of light in the light guide System 
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can be restricted, it is possible to form a projection image 
having little unevenneSS in color and a high illumination 
efficiency. 

Further, in the present invention, a dichroic prism, which 
is an element rotationally Symmetrical about the chief axis 
of the projection optical System, is used as the color Syn 
thesizing System. A liquid crystal panel having a Small pixel 
pitch of less than approximately 50 um is used as a light 
Valve. Therefore, according to the present invention, it is 
possible to form a projection image of high resolution, and 
to downsize the while apparatus by employing a liquid 
crystal panel using a polysilicon TFT or the like, which is 
easy to make compact. 

Since the Split member of the lens plates constituting the 
uniform illumination optical device is Set to be within a 
range of 3 to 7 in the present invention, it is possible to form 
a projection image whose unevenneSS in color is restricted. 

Still furthermore, Since the illumination optical System is 
provided with a polarized beam conversion device in the 
present invention, it is possible to restrict the emission loSS 
of the light emitted from the light Source lamp, and 
therefore, to form a bright projection image. 

In addition, the optical path is formed in the projection 
type optical System of the present invention So that the 
projection light can be output in the direction reverse and 
parallel to the direction of the light beam emitted from the 
illumination optical System. A cooling means for the light 
Source lamp is located on the output Side of the projection 
light in the apparatus case. According to Such constitution, 
when the display apparatus is used as a frost projector, the 
cooling means is located on the Side opposite a viewer of the 
projection image, and air from the cooling means is 
exhausted to the side opposite the viewer, Therefore, the 
arrangement is advantageous in preventing the noise and 
exhausted air from the cooling means from disturbing the 
viewer. 

In addition according to the present invention, besides the 
above advantages, Since a back focus of the projection lens 
of the optical System is short, a large-scale projection at a 
Short distance is easy to perform. Therefore, it is possible to 
realize a projection-type display apparatus Suitable for pre 
Sentation use and home theater use. Furthermore, Since the 
back focus of the projection lens is short, it is possible to 
realize a projection lens having a Small F number by a Small 
number of lenses, and therefore, to lower the production cost 
of the apparatus. 
What is claimed is: 
1. A projection-type display apparatus, comprising: 
a light Source; 
color Separating means for Separating a white light beam 

emitted from Said light Source into three color beams, 
three light valves for modulating Said Separated color 

beams, 
light guide means located on an optical path of a color 
beam having a longest optical path length, the color 
beams being Separated by Said color Separating means 
and respectively incident on Said light valves, 

color Synthesizing means for Synthesizing a projection 
beam from Said color beams modulated through Said 
light valves, 

a projection lens for projecting Said projection beam onto 
a Screen, 

uniform illumination optical means interposed on an 
optical path between Said light Source and Said color 
Separating means for converting Said white light beam 
emitted from Said light Source into a uniform rectan 
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18 
gular beam and for outputting said uniform rectangular 
beam toward said color separating means; and 

three condenser lenses located respectively in outputting 
portions of Said color Separating means for outputting 
Said color beams, the condenser lenses converting Said 
color beams output from Said uniform illumination 
optical means and Separated by Said color Separating 
means into almost collimated beams, wherein Said 
color Synthesizing means is a dichroic prism, and Said 
light guide means includes an incident Side reflecting 
mirror, an output Side reflecting mirror, and at least one 
lens. 

2. A projection-type display apparatus according to claim 
1, wherein Said light guide means has one intermediate lens, 
and a focal length of Said intermediate lens is within a range 
of approximately 0.9 to 1.1 times an optical path length of 
Said light guide means. 

3. A projection-type display apparatus according to claim 
1, wherein Said light guide means includes an incident lens 
located on an incident Side of Said incident Side reflecting 
mirror, an output lens located on an output Side of Said 
output Side reflecting mirror, and an intermediate lens 
located between Said incident and output Side reflecting 
mirrors, focal lengths of Said incident and output Side lenses 
being within a range of approximately 0.5 to 0.7 times an 
optical path length of Said light guide means, and the focal 
length of Said intermediate lens being within a range of 
approximately 0.25 to 0.4 times a optical path length of Said 
light guide means. 

4. A projection-type display apparatus according to claim 
3, wherein Said incident lens of Said light guide means and 
one of Said condenser lenses are combined into a Single lens. 

5. A projection-type display apparatus according to claim 
4, wherein Said Single lens is an aspherical lens. 

6. A projection-type display apparatus according to any of 
claims 1 to 5, wherein Said light valves are liquid crystal 
panels, and a pixel pitch of each of Said liquid crystal panels 
is approximately 50 um or less. 

7. A projection-type display apparatus according to any of 
claims 1 to 5, wherein said uniform illumination optical 
means has at least one lens plate comprised of a plurality of 
lenses arranged in a plane perpendicular to a chief axis of 
Said white light beam emitted from Said light Source, and 
wherein the split number of Said lens plate in one direction 
is approximately 3 or more. 

8. A projection-type display apparatus according to any of 
claims 1 to 5, wherein the color beam passed through Said 
light guide means is one of a green beam and a blue beam. 

9. A projection-type display apparatus according to any of 
claims 1 to 5, wherein said uniform illumination optical 
means is comprised of a first lens plate, a Second lens plate 
and a reflecting mirror interposed between Said first and Said 
Second lens plates. 

10. A projection-type display apparatus according to any 
of claims 1 to 5, wherein polarized beam conversion means 
for polarizing the white light beam emitted from Said light 
Source is located between said light Source and Said uniform 
illumination optical means, Said polarized beam conversion 
means comprising a polarized beam Separating element for 
Separating a random polarized beam from Said light Source 
into two linearly polarized beams of P and S polarization, 
and a polarization plane rotating element for rotating a 
polarization plane of one of Said two Separated and polarized 
beams through an angle of 90 So that the polarization plane 
of one linearly polarized beam coincides with the polariza 
tion plane of the other linearly polarized beam. 
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11. A projection-type display apparatus, comprising: 
a light Source; 
color Separating means for Separating a white light beam 

emitted from Said light Source into three color beams, 
three light valves for modulating Said Separated color 

beams, 
light guide means located on an optical path of a color 
beam having a longest optical path length among Said 
color beams Separated by Said color Separating means 
and respectively incident on Said light valves, 

color Synthesizing means for Synthesizing a projection 
beam from Said color beams modulated through Said 
light valves, 

a projection lens for projecting Said projection beam onto 
a Screen, 

uniform illumination optical means interposed on an 
optical path between Said light Source and Said color 
Separating means for converting Said white light beam 
emitted from Said light Source into a uniform rectan 
gular beam and for outputting said uniform rectangular 
beam toward said color separating means; and 

three condenser lenses located respectively in outputting 
portions of Said color Separating means for outputting 
Said color beams, Said condenser lenses converting Said 
color beams output from Said uniform illumination 
optical means and Separated by Said color Separating 
means into almost collimated beams, wherein Said 
color Synthesizing means is a dichroic prism, Said light 
guide means is provided with an incident Side triangu 
lar prism located on an incident Side for folding an 
optical path at a right angle, an output Side triangular 
prism located on an output Side for folding the optical 
path at a right angle, and a light guide member located 
between said triangular prisms. 

12. A projection-type display apparatus according to 
claim 11, wherein Said light guide member is a quadratic 
prism. 

13. A projection-type display apparatus according to 
claim 12, wherein interfaces of Said triangular prisms and 
Said quadratic prism are covered with an anti-reflective 
coating. 

14. A projection-type display apparatus according to any 
of claims 11 to 13, wherein a total internal reflection Surface 
of each of Said triangular prisms is coated with a metal film. 

15. A projection-type display apparatus according to any 
of claims 11 to 13, wherein a total internal reflection plane 
of each of Said triangular prisms is coated with a dielectric 
multilayer film. 

16. A projection-type display apparatus according to any 
of claims 11 to 13, wherein said light valves are liquid 
crystal panels, and wherein a pixel pitch of each of Said 
liquid crystal panels is approximately 50 um or less. 

17. A projection-type display apparatus according to any 
of claims 11 to 13, wherein said uniform illumination optical 
means has at least one lens plate comprising a plurality of 
lenses arranged in a plane perpendicular to a chief axis of 
Said white light beam emitted from Said light Source, and a 
Split number of Said lens plate in one direction is approxi 
mately 3 or more. 

18. A projection-type display apparatus according to any 
of claims 11 to 13, wherein the color beam passed through 
Said light guide means is one of a green beam and a blue 
beam. 

19. A projection-type display apparatus according to any 
of claims 11 to 13, wherein said uniform illumination optical 
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means comprises a first lens plate, a Second lens plate and a 
reflecting mirror interposed between Said first and Said 
Second lens plates. 

20. A projection-type display apparatus according to any 
of claims 11 to 13, wherein polarized beam conversion 
means for polarizing the white light beam emitted from Said 
light Source is located between Said light Source and Said 
uniform illumination optical means, and Said polarized beam 
conversion means comprises a polarized beam Separating 
element for Separating a random polarized beam from Said 
light source into two linearly polarized beams of P and S 
polarization, and a polarization plane rotating element for 
rotating a polarization plane of one of Said two Separated and 
polarized beams through an angle of 90 so that the polar 
ization plane of one beam coincides with the polarization 
plane of the other linearly polarized beam. 

21. A projection-type display apparatus, comprising: 
a light Source, 
color Separating means for Separating a white light beam 

emitted from Said light Source into three color beams, 
three light valves for modulating Said Separated color 

beams, 
light guide means located on an optical path of a color 
beam having a longest optical path length among Said 
color beams Separated by Said color Separating means 
and respectively incident on Said light valves, 

color Synthesizing means for Synthesizing a projection 
beam from Said color beams modulated through Said 
light valves, 

a projection lens for projecting Said projection beam onto 
a SCreen, 

uniform illumination optical means, interposed on an 
optical path between Said light Source and Said color 
Separating means, for converting Said white light beam 
emitted from Said light Source into a uniform rectan 
gular beam and for outputting said uniform rectangular 
beam toward said color separating means; 

three condenser lenses located respectively in outputting 
portions of Said color Separating means for outputting 
Said color beams, Said condenser lenses converting Said 
color beams emitted from Said uniform illumination 
optical means and Separated by Said color Separating 
means into almost collimated beams, and 

cooling means for cooling Said light Source, wherein Said 
color Synthesizing means is a dichroic prism, Said light 
guide means includes an incident Side reflecting mirror, 
an output Side reflecting mirror and at least one lens, an 
optical path is formed So that the direction of the 
projection beam from Said projection lens is parallel 
and reverse to the direction of said white light beam 
emitted from Said light Source, the cooling means for 
Said light Source is located in an apparatus case on an 
output Side of Said projection beam, and a vent of Said 
cooling means is formed on a Side Surface of Said 
apparatus case on the output Side of Said projection 
beam. 

22. A projection-type display apparatus according to 
claim 21, wherein Said light guide means has one interme 
diate lens, and a focal length of Said intermediate lens is 
within a range of between approximately 0.9 to 1.1 times an 
optical path length of Said light guide means. 

23. A projection-type display apparatus according to 
claim 21, wherein Said light guide means includes an inci 
dent lens located on the incident Side of Said incident Side 
reflecting mirror, an output lens located on the outputside of 
Said output Side reflecting mirror, and an intermediate lens 
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located between Said incident and output Side reflecting 
mirrors, focal lengths of Said incident and output Side lenses 
being within a range of approximately 0.5 to 0.7 times an 
optical path length of Said light guide means, and a focal 
length of Said intermediate lens being within a range of 
approximately 0.25 to 0.4 times a optical path length of Said 
light guide means. 

24. A projection-type display apparatus according to 
claim 23, wherein Said incident lens of Said light guide 
means and one of Said condenser lenses are combined into 
a single lens. 

25. A projection-type display apparatus according to 
claim 24, wherein Said Single lens is an aspherical lens. 

26. A projection-type display apparatus according to any 
of claims 21 to 25, wherein said light valves are liquid 
crystal panels, and a pixel pitch of each of Said liquid crystal 
panels is approximately 50 um or less. 

27. A projection-type display apparatus according to any 
of claims 21 to 25, wherein said uniform illumination optical 
means has at least one lens plate comprised of a plurality of 
lenses arranged in a plane perpendicular to a chief axis of 
Said light beam emitted from Said light Source, and a split 
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number of Said lens plate in one direction is approximately 
3 or more. 

28. A projection-type display apparatus according to any 
of claims 21 to 25, wherein the color beam passed through 
Said light guide means is one of a green beam and a blue 
beam. 

29. A projection-type display apparatus according to any 
of claims 21 to 25, wherein polarized beam conversion 
means for polarizing a white light beam emitted from Said 
light Source is located between Said light Source and Said 
uniform illumination optical means, and Said polarized beam 
conversion means comprises a polarized beam Separating 
element for Separating a randomly polarized beam from Said 
light source into two linearly polarized beams of P and S 
polarization, and a polarization plane rotating element for 
rotating a polarization plane of one of Said two Separated and 
polarized beams through an angle of 90 so that the polar 
ization plane of one of the polarized beams coincides with 
the polarization plane of the other linearly polarized beam. 
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