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(57) ABSTRACT 

A projection-type display apparatus in accordance With the 
invention reduces the margin formed around the image 
forming range of the light valves, and forms a bright 
projected image. Emitted light from a light source lamp unit 
of a projection-type display apparatus illuminates liquid 
crystal light valves of each color via an integrator optical 
system. First and second lens plates of an integrator optical 
system that serves as a uniform illuminating optical system 
are disposed such that the attachment position thereof is 
capable of ?ne adjustment in a direction vertical to the 
optical axis. By performing ?ne adjustment of the attach 
ment position of these, the forming position of the illumi 
nation range B can be adjusted to include the image forming 
range A of the liquid crystal light valves. Accordingly, there 
is no need to provide a Wide margin around the image 
forming range A, taking shifting of the forming position of 
the illumination range B into consideration. Thus, efficient 
usage of the illumination light can be increased, thereby 
improving the brightness of the projected image. 

25 Claims, 13 Drawing Sheets 
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PROJECTOR 

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

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The invention relates to a projection-type display appa 
ratus which modulates light emitted from a light source in 
accordance with image signals using modulation devices 
such as liquid crystal light valves or the like, and performs 
enlarged projection of the light ?ux following modulation 
upon a screen via a projecting lens. More particularly, the 
invention relates to a structure for a projection-type display 
apparatus of such a type whereby the image formation range 
of the modulating devices can be illuminated in an appro 
priate manner. 

2. Description of Related Art 
A conventional projection-type display apparatus which 

forms modulated light ?ux in accordance with image signals 
using liquid crystal light valves and performs enlarged 
projection of the modulated light ?ux on a screen is dis 
closed in Japanese Unexamined Patent Publication No. 
3-111806. The projection-type display apparatus disclosed 
in this Patent Publication is, as shown in FIG. 14, provided 
with an integrator optical system 923. The integrator optical 
system 923 has two lens plates 921 and 922 for uniform 
illumination of the image formation range of the liquid 
crystal light valve 925. The liquid crystal light valve 925 
serves as the modulation device of the light emitted from the 
light source. 

In FIG. 14, the single light ?ux emitted from the light 
source lamp unit 8 is separated into a plurality of interme 
diate light ?uxes by lenses 921a of the ?rst lens plate 921. 
The light ?ux is superimposed on the liquid crystal light 
valve 925 via lenses 922a of the second lens plate 922. 

Regarding projection-type display apparatuses of the type 
illustrated in FIG. 14, problems occur when the image 
formation range of the liquid crystal light valve 925 cannot 
be illuminated accurately. These problems include a reduc 
tion in the brightness of the image projected on the projec 
tion surface, or the creation of shadows at the edge of the 
projected image. Accordingly, as illustrated in FIG. 15, a 
certain margin M is secured around the image formation area 
A of the liquid crystal light valve 925, depending on various 
factors including the positioning precision of the liquid 
crystal light valve 925 and the lens plates 921 and 922 of the 
integrator optical system 923, the margin of error of the focal 
distance and so forth of the lenses 921a and 922a of each of 
the lens plates, and the positioning precision and the like of 
other optical components disposed on the optical path. In 
other words, the image formation area A of the liquid crystal 
light valve 925 is siZed to be distinctly smaller than the 
illumination range B of light emitted by the light source, so 
that even in the event that the illumination range B is shifted 
vertically or horizontally due to the positioning precision of 
the above-described components, the image formation range 
A does not extend beyond the illumination range B. This 
structure avoids problems such as the reduction of the 
brightness of the image projected on the projection surface, 
or the creation of shadows at the edge of the projected 
image. Thus, simply increasing the margin M is sufficient to 
deal with a wide margin of error in positioning of the 
above-described components. 
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2 
On the other hand, in order to increase the brightness of 

the projected image, it is necessary to increase the usage 
efficiency of the light which is illuminating the liquid crystal 
light valve 925. However, the problem occurs that when the 
margin M is increased to deal with a wide margin of error 
in positioning of the above-described components, the usage 
efficiency of the separated light decreases, and the projected 
image becomes dark. Accordingly, from this perspective, it 
is desirable that the margin formed around the display range 
of the liquid crystal light valve be as narrow as possible. 
However, if the margin is made to be narrow, the illumina 
tion range misses the image formation range of the liquid 
crystal light valve, as described above, so that shadows may 
be formed at the edge of the projected image. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a 
projection-type display apparatus wherein the margin 
formed around the image forming range of the liquid crystal 
light valve is small, and at the same time, capable of 
increasing the brightness of the projected image without 
forming shadows at the edge of the projected image. 

In order to solve the above-described problems, a ?rst 
projection-type display apparatus in accordance with the 
invention includes a light source, a modulating device for 
modulating light ?ux emitted from the light source in 
accordance with image signals; and a projecting device for 
performing enlarged projection of the light ?ux modulated 
by the modulating device upon a projection surface; wherein 
an integrator optical system having a ?rst lens plate and a 
second lens plate that include a plurality of lenses arrayed in 
matrix-form is placed in the optical path between the light 
source and the modulating device; and wherein at least one 
of the ?rst and second lens plates is arranged so that an 
attachment position thereof is adjustable in a direction 
intersecting the optical axis. 

According to the structure described above, the invention 
is capable of increasing the usage e?iciency of the light 
which is illuminating the modulating device, and the pro 
jected image can be made to be brighter. Also, ?ne adjust 
ment of the illumination area of the modulation device can 
be performed so that the image forming range is positioned 
within the illumination area, which avoids problems such as 
the reduction of the brightness of the image projected upon 
the projection surface, or the creation of shadows at the edge 
of the projected image, even if the margin formed around the 
image forming range of the modulation device is made to be 
small. 

In other words, subsequent to mounting the various com 
ponents of the optical system, the image forming range of 
the modulation device is illuminated using the integrator 
optical system, and in the event that the illumination range 
is not within the image forming range of the modulation 
device, the attachment position of the ?rst lens plate or the 
second lens plate of the integrator optical system is sub 
jected to ?ne adjustment, so that the image forming range of 
the modulation device can be brought to be completely 
within the illumination range. Accordingly, the margin 
formed around the image forming range of the modulation 
device can be reduced and still handle the offset between the 
illumination range and the image formation range caused by 
the margin of error in the positioning of optical parts. 

Further, the re?ecting device for bending the optical path 
is sometimes provided on the optical path extending from 
the light source to the modulation device of projection-type 
apparatuses. In such cases, any margin of error in the 
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attachment angle of the re?ecting device may cause the 
illumination range to be offset from the image formation 
range of the modulating device. Accordingly, it is desirable 
that the attachment angle of the re?ecting device mounted to 
this position also be adjustable relative to the incident 
optical axis. 

Also, the above-described ?rst embodiment of the 
projection-type display apparatus can similarly be applied to 
projection-type display apparatuses capable of projecting 
color images. In other Words, the invention can similarly be 
applied to a projection-type display apparatus that includes 
a color separating optical system for separating the light 
emitted from the light source into light ?ux of each color, a 
plurality of the modulating devices for modulating the light 
?ux of each color separated by the color separating optical 
system, and a color synthesizing system for synthesizing the 
light ?ux of each color modulated by the plurality of the 
modulating devices, Wherein the modulated light ?ux syn 
thesized by the color synthesizing system is projected on a 
projecting surface via the projecting device. 

With such projection-type display apparatuses capable of 
projecting color images, re?ecting devices for bending the 
optical path are sometimes also provided on the optical path 
from the color separating optical system to at least one of the 
modulation devices. In such cases, the attachment angle of 
any of the re?ecting devices may cause the illumination 
range to be offset. Accordingly, it is desirable that the 
attachment angle of the re?ecting device mounted to this 
position be also adjustable relative to the incident optical 
axis. 

It is most advantageous, from the perspective of apparatus 
construction and from the perspective of precision of posi 
tion adjustment of the illumination range as to the modula 
tion device to make the attachment angle of the re?ecting 
means mounted to the position closest to the modulating 
device to be adjustable. 

Also, using re?ecting type modulation devices for the 
modulation, and manufacturing the color separating optical 
system and the color synthesizing optical system as a single 
optical system, shortens the optical path, Which reduces the 
size of the projection-type display apparatus. 
A second proj ection-type display apparatus in accordance 

With the invention is described beloW. The second 
projection-type display apparatus in accordance With the 
invention includes a light source; a ?rst optical component 
for splitting the light ?uxes emitted from the light source 
into a plurality of intermediate light ?uxes; a second optical 
component disposed in the proximity of the position at 
Which the intermediate light ?uxes are focused; a modulat 
ing device for modulating light emitted from the second 
optical component; and a projecting device for performing 
enlarged projection of the light ?ux modulated by the 
modulating device on a projection surface; Wherein the 
second optical component includes a focusing lens array for 
focusing each of the plurality of intermediate light ?uxes 
divided by the ?rst optical component; a polarization con 
verting device Which spatially splits each of the plurality of 
intermediate light ?uxes focused by the focusing lens array 
into P-polarization light ?ux and S-polarization light ?ux, 
and emits the P-polarization light ?ux and S-polarization 
light ?ux With the polarization direction of one matching the 
polarization direction of the other; and a combining lens for 
superimposing the light ?uxes emitted from the polarization 
converting device; Wherein at least one of the ?rst optical 
element and the second optical element is arranged so that 
the attachment position thereof is adjustable in a direction 
intersecting the optical axis. 
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The ?rst optical component is equivalent to the afore 

mentioned ?rst lens plate, and the combining lens of the 
second optical component is equivalent to the aforemen 
tioned second lens plate. 

The second projection-type display apparatus in accor 
dance With the invention includes a focusing lens array and 
polarization conversion device in addition to the structure of 
the ?rst projection-type display apparatus. Accordingly, the 
same effects as those of the ?rst projection-type display 
apparatus are obtained, and in addition, a bright projected 
image can be obtained, since both polarized light ?uxes can 
be used Without Waste, by using the polarization conversion 
device. Also, the focusing lens array can be used to e?i 
ciently introduce intermediate light ?uxes to the focusing 
lens array, and from this perspective also, a bright projected 
image can be obtained. 

Integrating the focusing lens array, the polarization con 
verting device, and the combining lens, reduces the loss of 
light betWeen these optical components, Which further 
improves the usage e?iciency of light. 

Also, as With the aforementioned ?rst projection-type 
display apparatus, the second projection-type display appa 
ratus in accordance With the invention also alloWs the 
re?ecting device to be disposed on the optical path that 
extends from the light source to the modulation device for 
bending the optical path, having a structure capable of 
projecting color images, the re?ecting device to be disposed 
on the optical path betWeen the color separating optical 
system and the modulation device in projection-type display 
apparatuses capable of proj ecting color images and adjusting 
the angle thereof, Which enables the attachment angle of the 
re?ecting device positioned closest to the modulating device 
to be adjustable, and using a re?ecting type modulation 
device as the modulation device. The same effects can be 
obtained as When using these structures With the ?rst 
projection-type display apparatus. 

Also, the invention can be applied to projection-type 
display apparatuses Which are not provided With integrator 
optical systems. In such cases, the attachment angle of the 
re?ecting device disposed in the optical path that causes 
positional change of the illumination range should be adjust 
able. Also, in this case, the same effects can be obtained as 
With the aforementioned ?rst projection-type display appa 
ratus. Further, the invention can be applied to projection 
type display apparatuses capable of projecting color images 
Which are not provided With integrator optical systems, 
Wherein such cases, the attachment angle of the re?ecting 
device disposed in the optical path betWeen the color syn 
thesizing system and the modulating device should be 
adjustable so that the same effects can also be obtained as 
With the aforementioned ?rst projection-type display appa 
ratus. 

NoW, With the ?rst projection-type display apparatuses in 
accordance With the invention, in order to make the attach 
ment position of at least one of the ?rst and second lens 
plates to be adjustable in the direction intersecting the 
optical axis, an adjustment mechanism should be provided at 
that end. Examples of arrangements for such an adjustment 
mechanism include a ?rst adjustment mechanism for adjust 
ing the aforementioned ?rst lens plate in a ?rst direction 
orthogonally intersecting the optical axis, and a second 
adjustment mechanism for adjusting the aforementioned 
second lens plate in a second direction orthogonally inter 
secting the aforementioned optical axis and the aforemen 
tioned ?rst direction. 
An adjusting mechanism for adjusting the attachment 

position of the lens plate in a predetermined direction can 
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include a spring disposed at a ?rst side of the lens plate for 
pressing the ?rst side; and a screW at a second side of the 
lens plate opposing the ?rst side thereof, for pressing the 
second side. By employing such an adjusting mechanism, 
the lens plate can be moved in the predetermined direction 
simply by tightening and loosening the screW, Which facili 
tates simple adjustment of the attachment position of the 
aforementioned lens plate. 

Regarding the adjusting mechanism using the spring and 
screW, uniform movement of the lens plate can be facilitated 
With a small number of parts, by using a leaf spring for the 
spring and arranging the screW to press the approximately 
center portion of the second side of the lens plate. 

Also, regarding the second projection-type display appa 
ratus in accordance With the invention, in order to make the 
attachment position of at least one of the ?rst optical 
component and second optical component to be adjustable in 
the direction intersecting the optical axis, and adjustment 
mechanism should be provided at that end. In the case of the 
second proj ection-type display apparatus in accordance With 
the invention, it is preferable that the focusing lens array, the 
polariZation converting device, and the combining lens be 
integrated, and this integrated apparatus moved by a single 
adjusting device. This is because such an arrangement 
enables simultaneous of the attachment position of the three 
optical components. 
As for the adjustment mechanism provided to the second 

projection-type display apparatus in accordance With the 
invention, an adjustment mechanism can be used that is the 
same as that of the aforementioned ?rst projection-type 
display apparatus. For example, an arrangement can be used 
that includes a ?rst adjustment mechanism for adjusting the 
aforementioned ?rst optical component in a ?rst direction 
orthogonally intersecting the optical axis, and a second 
adjustment mechanism for adjusting the aforementioned 
second optical component to a second direction orthogonally 
intersecting the optical axis and the aforementioned ?rst 
direction. Also, the adjusting mechanism for adjusting the 
attachment position of the optical component in the prede 
termined direction can include a spring disposed at a ?rst 
side of the optical component for pressing the ?rst side; and 
a screW disposed at a second side of the optical component 
opposing the ?rst side thereof, for pressing the second side. 
Further, the adjusting mechanism employing a spring and 
screW can include a leaf spring used for the spring and the 
screW can be arranged so as to press the approximately 
center portion of the second side of the lens plate. 

Further, regarding projection-type display apparatuses 
Which are not provided With integrator optical systems, in 
order to make the attachment angle of the re?ecting device 
positioned in the optical path that causes positional change 
of the illumination range to be adjustable, an adjustment 
mechanism should be provided at that end. Regarding such 
adjustment mechanisms, in the event that the proj ection-type 
display apparatus is provided With at least the aforemen 
tioned light guide for storing the aforementioned color 
separation system and the aforementioned re?ecting device, 
an arrangement can be used that includes a holder plate 
Which holds the re?ecting device and is rotatably supported 
by the light guide, a screW for adjusting the angle of the 
re?ecting device, and a spring for supporting the holder plate 
as to the light guide. Such an adjusting mechanism arrange 
ment enables simple changing of the attachment angle of the 
re?ecting device, simply by adjusting the amount of screW 
ing by the screW. 

Also, regarding projection-type display apparatuses 
capable of projecting color images Which are not provided 
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With integrator optical systems, in order to make the attach 
ment angle of the re?ecting device positioned in the optical 
path betWeen the color synthesiZing system and the modu 
lating device to be adjustable, an adjustment mechanism 
should be provided at that end. As described above, With 
such a proj ection-type display apparatus, making the attach 
ment angle of the re?ecting device mounted at the position 
closest to the modulating device to be adjustable is most 
advantageous, from the perspective of apparatus construc 
tion and from the perspective of precision of position 
adjustment of the illumination range as to the modulation 
device. Regarding such adjustment mechanisms, in the event 
that the projection-type display apparatus is provided With at 
least the aforementioned light guide for storing the afore 
mentioned color separation system and the aforementioned 
re?ecting device, an arrangement can be used that includes 
a holder plate Which holds the re?ecting device and is 
rotatably supported by the light guide, a screW for adjusting 
the angle of the re?ecting device, and a spring for supporting 
the holder plate as to the light guide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of the exterior of the 
projection-type display apparatus in accordance With the 
invention. 

FIG. 2(A) is a broken aWay top elevational vieW shoWing 
the interior of the projection-type display apparatus, and 
FIG. 2(B) is a broken aWay side elevational vieW thereof. 

FIG. 3 is a broken aWay elevational vieW shoWing an 
extracted vieW of the optical unit and projecting lens unit. 

FIG. 4 is a schematic draWing shoWing the optical system 
Which is incorporated in the optical unit. 

FIGS. 5(A)*(D) are model illustrations shoWing the rela 
tionship betWeen the illumination range from the integrator 
optical system, With the display range of the liquid crystal 
light valve. 

FIGS. 6(A) and 6(B) are each schematic cross-sectional 
vieWs shoWing a mechanism for making ?ne adjustment of 
the attachment position of the lens plate to the left and right. 

FIGS. 7(A) and 7(B) are explanatory diagrams shoWing 
the change in form of the illumination range of the integrator 
optical system from the re?ecting surface of the re?ecting 
device. 

FIGS. 8(A)*(C) shoW a mechanism for performing ?ne 
adjustment of the attachment angle of the re?ecting mirror, 
Wherein FIG. 8(A) is an explanatory diagram of the holder 
plate, FIG. 8(B) is a plan vieW of the mechanism for 
performing ?ne adjustment, and FIG. 8(C) is a cross-section 
diagram of the ?ne adjustment mechanism. 

FIG. 9 is a schematic plan diagram of the principal 
components of another example of an optical system of the 
projection-type display apparatus in accordance With the 
invention. 

FIG. 10(A) is a perspective vieW shoWing the polariZation 
splitting unit array shoWn in FIGS. 7(A) and 7(B), and FIG. 
10(B) is an explanatory diagram shoWing the splitting 
operation of polariZation light ?ux by the aforementioned 
polariZation splitting unit array. 

FIGS. 11(A) and 11(B) are schematic cross-sectional 
vieWs shoWing an example of a mechanism for making ?ne 
adjustment of the attachment position of the second optical 
component in the left and right directions. 

FIG. 12 is a schematic plan diagram of the principal 
components of yet another example of an optical system of 
the projection-type display apparatus in accordance With the 
invention. 
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FIG. 13 is an explanatory diagram showing the operation 
of the re?ectance-type liquid crystal device shown in FIG. 9. 

FIG. 14 is a schematic drawing showing the optical 
system of a general projection-type display apparatus pro 
vided with an integrator optical system. 

FIG. 15 is an explanatory diagram showing the relation 
ship between the illumination range on the liquid crystal 
light valves and the image forming range. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The following is a description of a proj ection-type display 
apparatus to which the invention has been applied, with 
reference to the drawings. In the following description, the 
three orthogonally intersecting directions are represented by 
X, Y, and Z, with Z being the direction of progress of light. 

FIG. 1 is a perspective view of a projection-type display 
apparatus in accordance with the present embodiment of the 
invention. The projection-type display apparatus 1000 in 
accordance with the invention is formed such that light 
?uxes of the colors red, blue, and green are extracted from 
the light emitted from a light source via an integrator optical 
system and color separating system. Each of the colors are 
led to liquid crystal light valves positioned corresponding 
with each color and modulated according to color image 
signals. Following re-synthesiZing of the color ?uxes of 
each color after modulation, the color ?uxes are subjected to 
enlarged projection thereof on a screen via a projecting lens. 

As shown in FIG. 1, the projection-type display apparatus 
1000 has a rectangular outer casing 2, and the outer casing 
2 basically includes an upper case 3, a lower case 4, and a 
front case 5 de?ning the front face of the apparatus. The 
leading end potion of the projecting lens unit 6 protrudes 
from the center of the front case 5. 

FIG. 2 shows the positional relationship of the compo 
nents within the outer casing 2 of the proj ection-type display 
apparatus 1000. As shown in the Figure, an electric power 
source unit 7 is disposed at the rear of the outer casing 2. A 
light source lamp unit 8 is disposed adjacent the electric 
power source unit 7 toward the front of the apparatus. Also, 
an optical unit 9 is disposed adjacent the base end of the 
projecting lens unit 6, which is disposed at the center front 
of the optical unit 9. 
An interface board 11 is disposed at one side of the optical 

unit 9. The interface board 11 is mounted with an input/ 
output interface circuit facing toward the front and rear sides 
of the apparatus. A video board 12 mounted with a video 
signal processing circuit is parallel to the interface board 11. 
A control board 13 is disposed above the light source lamp 
unit 8 and optical unit 9 for driving and controlling the 
apparatus. Speakers 14R and 14L are disposed at the front 
right and left corners of the apparatus thereof. 
A suction fan 15A for cooling is disposed at the center of 

the upper side of the optical unit 9, and a circulating fan 15B 
for forming cooling circulation is disposed at the center of 
the bottom side of the optical unit 9. Also, an exhaust fan 16 
is positioned at the side of the apparatus adjacent to the rear 
side of the light source lamp unit 8. An auxiliary cooling fan 
17 for introducing cooling air ?ow from the suction fan 15A 
into he electric power source unit 7 is positioned adjacent the 
edge of the boards 11 and 12 at the electrical power source 
unit 7. 

Further, a ?oppy disk drive unit (FDD) 18 is disposed 
immediately above the electric power source unit 7 at the left 
side of the apparatus. 
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FIG. 3 is a broken away view of the optical unit 9 and 

projecting lens unit 6. As shown in the Figure, the optical 
unit 9 is of such a structure that the optical devices other than 
the prism unit 910 that includes the color synthesiZing 
device are supported by the upper and lower light guides 901 
and 902. The upper light guide 901 and lower light guide 
902 are each ?xed by ?xing screws to the upper case 3 and 
lower case 4, respectively. Also, the upper light guide 901 
and lower light guide 902 are also ?xed to the side of the 
prism unit 910 by ?xing screws in the same manner. The 
prism unit 910 is ?xed by a ?xing screw to the rear side of 
a thick head plate 903 which is a die-cast plate. The base side 
of the projecting lens unit 6 is ?xed to the front face of the 
head plate 903 by ?xing screws in the same way. 

FIG. 4 shows a schematic of the optical system which is 
assembled to the optical unit 9. The optical system which is 
assembled to the optical unit 9 is described with reference to 
this Figure. The optical system according to the present 
embodiment includes a discharge lamp 81 which is a com 
ponent of the aforementioned light source lamp unit 8, and 
an integrator optical system 923 which includes a ?rst lens 
plate 921 and a second lens plate 922 which are uniform 
illumination optical devices. This system also includes a 
color separating optical system 924 which separates the 
white light ?ux W emitted from the integrator optical system 
923 into the red, green, and blue color light ?uxes, i.e., R, 
G, and B, three liquid crystal light valves 925R, 925G, and 
925B which serve as light valves for modulating the color 
light ?uxes, a prism unit 910 serving as a color synthesiZing 
system for re-synthesiZing the modulated color ?uxes, and a 
projecting lens unit 6 for performing enlarged projection of 
the synthesized light ?ux on the surface of a screen 100. 
Further, the system includes a light guiding system 927 for 
guiding the blue-colored light ?ux B of the color light ?uxes 
separated by the color separating optical system 924 to the 
liquid crystal light valve 925B. 
Lamps such as halogen lamps, metal-halide lamps, xenon 

lamps, and the like can be used as the discharge lamp 81. 
The uniform illumination optical system 923 is provided 
with a re?ecting mirror 931, so as to bend the center optical 
axis 1a of the emitted light from the integrator optical system 
923 toward the front of the apparatus. The ?rst and second 
lens plates 921 and 922 are disposed on either side of this 
mirror 931 in an orthogonal relationship. 
The light emitted from the discharge lamp 81 is re?ected 

by the re?ecting face 821 of the re?ector 82 and is irradiated 
upon the ?rst lens plate 921 as parallel light beams, each 
beam being projected as a secondary light source image 
upon the incidence plate of each lens of the second lens plate 
922 via the ?rst lens plate 921, and the light emitted from 
this second lens plate 922 illuminates the object to be 
illuminated. In other words, the image forming range of each 
light valve 925R, 925G, and 925B is illuminated. 
The color separating optical system 924 includes a blue 

green re?ecting dichroic mirror 941, a green re?ecting 
dichroic mirror 942, and a re?ecting mirror 943. In the 
blue-green re?ecting dichroic mirror 941, the base light ?ux 
B and the green light ?ux G in the white light ?ux W is 
re?ected at a right angle, and go to the green re?ecting 
dichroic mirror 942. 

The red light ?ux R passes through the mirror 941, is 
re?ected at a right angle by the posterior re?ecting mirror 
943, and is emitted from the red light ?ux emitting portion 
944 to the prism unit 910. The blue and green light ?uxes 9 
and G are re?ected by the mirror 941. The green light ?ux 
G thereof is alone re?ected at the green re?ecting dichroic 
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mirror 942, and is emitted from the green light ?ux emitting 
portion 945 to the prism unit 910. The blue light ?ux B 
passes through the mirror 942 and go to the light guiding 
system 927 via the blue light ?ux emitting portion 946. In 
the present embodiment, the arrangement is such that the 
distances betWeen the White light ?ux emitting portion of the 
integrator optical system 923 to each of the light ?ux 
emitting portions 944, 945, and 946 of the color separating 
optical system 924 are the same. 

Focusing lenses 951 and 952 are respectively provided to 
each of the red light ?ux and green light ?ux emitting 
portions 944 and 945 of the color separating optical system 
924. Accordingly, the light ?ux of each color emitted from 
each of the emitting portions becomes incident light to the 
focusing lenses 951 and 952, and are made to be parallel. 

The parallel red and green light ?uxes R and G are cast 
into the crystal light valves 925R and 925G, and modulated 
adding image information corresponding to each color light. 
In other Words, the light valves are subjected to sWitching 
control according to image information by a driving device 
(not shoWn), and accordingly, each of the light ?uxes 
passing through is modulated. Conventional mechanisms 
can be used as the driving device. On the other hand, the blue 
light ?ux B is led to the corresponding crystal light valve 
925B via the light guiding system 927, and similar modu 
lation is performed in accordance With image information. 
The light valves may be of the type using poly-silicone TFT 
as the sWitching devices, for example. 

The light guiding system 927 includes a focusing lens 
953, an incident side re?ecting mirror 971, an emitting side 
re?ecting mirror 972, an intermediate lens 973 placed 
betWeen these, and a focusing lens 954 disposed before the 
liquid crystal panel 925B. The distance of the optical path of 
each color light ?ux, i.e., the distance betWeen the White 
light ?ux emitting portion of the integrator optical system to 
each of the liquid crystal light valves 925R, 925G, and 925B 
is longest for the blue light ?ux B, so that the amount of light 
lost is greatest for the blue light ?ux. HoWever, the amount 
of light lost for the blue light ?ux can be reduced by 
introducing the light guiding system 927. 

Next, the light ?uxes of each color modulated by passing 
through the liquid crystal light valves 925R, 925G, and 
925B of each color are cast into the color synthesizing 
optical system 910, and synthesiZed. In the present 
embodiment, a prism unit 910 that includes dichroic prisms 
as described above is used as the color synthesizing optical 
system. The color image re-synthesiZed is subjected to 
enlarged projection on the surface of a screen 100 by a 
projecting lens unit 6. 
Liquid Crystal Light Valve Illumination Range Adjusting 
Mechanism 

Regarding the projection-type display apparatus 1 in 
accordance With the present embodiment, as shoWn in FIG. 
4, the illumination range on the liquid crystal light valve 925 
from the integrator optical system 923 provides ?ne adjust 
ment in the vertical (:Y direction) and horiZontal (1X 
direction) directions as to the image forming range of the 
liquid crystal light valve. 

FIG. 5(A) shoWs the relationship betWeen the illumina 
tion range B on the liquid crystal light valve 925 from the 
integrator optical system 923 and the image formation range 
A of the liquid crystal light valve 925. Generally, the 
projecting range of the screen 100 is rectangular, so the 
image formation range A of the liquid crystal light valve 925 
is correspondingly rectangular. The illumination range B 
from the uniform illumination optical system 923, i.e., the 
range illustrated by imaginary lines in the Figure, is also 
correspondingly rectangular. 
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10 
As described above, the image formation range A of the 

liquid crystal light valve 925 is siZed to be distinctly smaller 
than the illumination range B. In other Words, a margin of a 
certain Width is provided around the image formation range 
A. Providing for a margin enables the display range A to 
alWays be disposed Within the illumination range B, even 
When the image formation position of the illumination range 
changes due to a margin of error in positioning the optical 
parts, such as each of the lens plates 921 and 922 of the 
integrator optical system 923. 

In the present embodiment, as shoWn in the arroWs in the 
Figure, the lens plates 921 and 922 are arranged so as to 
enable ?ne adjustment of the attachment position thereof in 
vertical and horiZontal directions folloWing a plate perpen 
dicular to the optical axis 1a, by a position adjusting 
mechanism. A leaf spring and position adjusting screW can 
be used as the position adjusting mechanism. 

FIGS. 6(A) and 6(B) are sectional vieWs shoWing an 
example of a mechanism for providing ?ne adjustment of 
the attachment position of the lens plate 921 in the left and 
right directions. FIG. 6(B) is a cross-sectional diagram 
folloWing the line SiS in FIG. 6(A). As shoWn in the 
diagrams, the position adjusting mechanism 700 is provided 
at the upper and loWer light guides 901 and 902. A pair of 
right and left Walls 711 and 712 extending in the vertical 
direction folloWing a plate vertical to the optical axis 1a, a 
base Wall 713 connecting the loWer edges of the vertical 
Walls 711 and 712, and an upper Wall 714 connecting the 
upper edges of the vertical Walls 711 and 712, are formed by 
the upper and loWer light guides 901 and 902, With the lens 
plate 921 being surrounded by the Walls 711*714. The 
bottom end of the lens plate 921 is inserted into a holding 
groove 715 Which is formed in the base Wall 713. Also, the 
loWer portion of the lens plate 921 is pressed toWard the 
upstream direction of the optical path (-Z direction) by a 
?xed spring 717 Which is mounted by a screW 716 to the 
base Wall 713. The upper portion of the lens plate 921 is 
pressed in the same direction by a ?xed spring 719 Which is 
mounted by a screW 718 to the upper Wall 714. The upper 
portion of the lens plate 921 contacts a protruding portion 
710 Which is provided at the upper Wall 714. Accordingly, 
the lens plate 921 is supported by one of the vertical Walls 
711 via an alignment spring 720. Also, the lens plate 921 is 
pressed toWard one of the vertical Walls 711 by an adjusting 
screW 721 Which is provided at the other vertical Wall 712. 
Thus, the attachment position of the lens plate 921 can be 
moved only in the left and right directions (1X direction) by 
adjusting the adjusting screW 721. 
As shoWn in FIG. 5(B), in cases Wherein the illumination 

range B is offset in the horiZontal direction as to the image 
formation range A of the liquid crystal light valve 925, and 
part of the image formation range A is not illuminated, the 
adjusting screW 721 can be tightened or loosened to provide 
?ne adjustment of the attachment position of the lens plate 
921 in the left and right direction, thus shifting the position 
of the illumination range B sideWays, and as shoWn in FIG. 
5(C), the illumination range B is made to encompass the 
image formation range A. 

Also, With the present embodiment, an alignment spring 
720 that includes a generally L-shaped leaf spring is used. 
The adjusting screW 721 presses the approximate center 
portion of the side of the lens plate 921 on the side of the 
vertical Wall 712. Accordingly, uniform movement of the 
lens plate 921 can be realiZed With feW parts. 
On the other hand, a mechanism for providing ?ne 

adjustment of the attachment position of the lens plate 922 
in the vertical directions (:Y direction), does not have to 






















