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(57) ABSTRACT 

A single plate type optical unit and display device to utilize 
light With high ef?ciency in a simple method is con?gured 
so a dichroic mirror separates light into a plurality of colors, 
and the plurality of colors of light re?ected by the dichroic 
mirror are beamed onto a rotating multisurface element, the 
plurality of colors of light emitted from the rotating multi 
surface element are each beamed onto different locations on 
the display element, and by rotating the rotating multisur 
face element, the plurality of colors of light are moved in one 
direction along the display element, and a color image is 
beamed from a projection lens. 
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FIG. 3A 
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IMAGE DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to projection devices 
such as liquid crystal projectors, projection image display 
devices and optical engines such as re?ective image display 
projectors and beam type rear projection television for 
projecting images on a screen using light valve devices such 
as liquid crystal panels or image display elements, and 
relates in particular to technology for beaming a plurality of 
light colors onto different light valve element locations using 
a rotating multisurface element, and changing the beaming 
locations in sequence. 

[0003] 2. Description of the Related Art 

[0004] An optical unit is knoWn in the related art for 
passing light from a light source through a ?rst and a second 
array lens, a polariZed beam splitter (PBS) and a collimator 
lens, and then separating the light into red light, blue light 
and green light by using a plurality of dichroic mirrors, and 
then changing the optical paths of each separated (colored) 
light by means of respective rotating prisms and beaming 
each light onto respectively different locations on a light 
valve element (hereafter simply referred to as a display 
element or image display element) and also scroll each light 
beam in sequence in a ?xed direction on the display element 
locations. 

SUMMARY OF THE INVENTION 

[0005] The above described optical unit of the related art 
possessed the advantage that assembly of the single plate 
utiliZed by the display element Was simple. HoWever the 
optical unit had to be made large in siZe since a plurality of 
prisms Were required. Further, besides having a high price 
due to use of a plurality of rotating prisms, a large number 
of lenses and many dichroic mirrors, the light utiliZation 
ef?ciency Was poor because of the many lenses that Were 
used. Also, the rotation phase of a plurality of rotating 
prisms had to be aligned in order to adjust the display 
element positions upon Which the red, green and blue light 
Were beamed and this alignment Was dif?cult. Furthermore, 
noise prevention methods Were needed due to the plurality 
of motors being used. 

[0006] The present invention therefore has the object of 
providing a compact and loW-priced optical unit. 

[0007] Another object of the present invention is to pro 
vide novel and effective image display technology, alloW 
simple position alignment for a plurality of light beamed 
onto a display element, and provide good light utiliZation 
ef?ciency. 

[0008] To achieve the above objects of the invention, the 
optical unit is comprised of a light source, a display element 
to form an optical image according to an image signal from 
the light emitted from the light source, a light color separator 
means for separating the light emitted from the light source 
into a plurality of light colors, a rotating multisurface 
element input With a plurality of light colors emitted by the 
light color separator means for changing the optical path and 
beaming the plurality of light colors onto different locations 
on the display element While scrolling the light beam in one 
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direction, and a projection device to light emitted from the 
display element as a color image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is structural vieWs shoWing the ?rst 
embodiment of the optical unit of the invention. 

[0010] FIG. 2 is perspective vieWs of the display element 
for describing the status of the beam of three-colored light 
on the display element. 

[0011] FIG. 3 is structural vieWs shoWing the second 
embodiment of the optical unit of the invention and a ?at 
vieW of the display element. 

[0012] FIG. 4 is structural vieWs shoWing the second 
embodiment of the optical unit of the invention and a ?at 
vieW of the display element. 

[0013] FIG. 5 is structural vieWs shoWing the second 
embodiment of the optical unit of the invention and a ?at 
vieW of the display element. 

[0014] FIG. 6 is a structural vieW shoWing the ?rst 
embodiment of the display device of the present invention. 

[0015] FIG. 7 is structural vieWs shoWing the third 
embodiment of the optical unit of the present invention. 

[0016] FIG. 8 is structural vieWs shoWing the fourth 
embodiment of the optical unit of the present invention. 

[0017] FIG. 9 is structural vieWs showing the ?fth 
embodiment of the optical unit of the present invention. 

[0018] FIG. 10 is structural vieWs shoWing the siXth 
embodiment of the optical unit of the present invention and 
a ?at vieW of the display element. 

[0019] FIG. 11 is structural vieWs shoWing the siXth 
embodiment of the optical unit of the present invention and 
a ?at vieW of the display element. 

[0020] FIG. 12 is structural vieWs shoWing the siXth 
embodiment of the optical unit of the present invention and 
a ?at vieW of the display element. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] The embodiments of the present invention are 
hereafter described While referring to the Work draWings. 

[0022] FIG. 1 is structural vieWs shoWing the ?rst 
embodiment of the optical unit of the invention. 

[0023] In this ?gure, the light emitted from the light source 
1 obtained after re?ection from a re?ector is input to a ?rst 
array lens 2 for forming a plurality of secondary light source 
images, and then passed through a second array lens 3 
formed by a plurality of focusing lenses and installed in the 
vicinity of the second light source image, for forming lens 
images for each of the ?rst array lenses 2 in the liquid crystal 
display element 12. The miXed light of P polariZed light and 
S polariZed light that passed through the second array lens 
3, the S polariZed light for eXample is aligned by the 
polariZed beam splitter 4 (hereafter referred to simply as 
PBS) and the M2 Wavelength plate 4a, and passed through 
the ?rst collimator lens 5a and second collimator lens 5b and 
the light respectively re?ected as red light, green light and 
blue light by the red dichroic mirror 7a for re?ecting red 



US 2005/0162749 A1 

light, the green dichroic mirror 6b for re?ecting green light, 
and the B dichroic mirror or re?ecting mirror 7c (hereafter 
referred to as dichroic mirror group) for re?ecting B light. 
The red light, green light and blue light respectively pass 
through the third collimator lens 5c, and irradiate different 
locations on the respective re?ecting rotating polygonal 
mirrors 43, and are re?ected from the re?ecting rotating 
polygonal mirrors 43. In this embodiment, the re?ecting 
rotating polygonal mirrors 43 has eight surfaces hoWever 
there is no restriction on the number of surfaces. The 
dichroic mirror group 7a, 7b, and 7c in this embodiment is 
the three colors red, blue and green. HoWever a combination 
of red, green blue and White, or yelloW, cyan, magenta, or a 
combination of yelloW, cyan, magenta or a combination of 
red, yelloW, green cyan and magenta, or red and orange, or 
green, blue and violet may be used. In such cases, the 
dichroic mirror group constituting the color separator means 
may consist of a plurality of plates such as three or more 
plates. In this case, the scroll Zone on the display element 
may be three or more types. 

[0024] In the case of tWo-plate type optical unit (each plate 
installed respectively on one of the tWo surfaces of a cube 
type PBS utiliZing 2 display elements), a structure may be 
used Where only the scrolling light arrives on the ?rst display 
element via the rotating polygon mirror, and the remaining 
non-scrolling light is made to arrive directly on the second 
display element by Way of a ?xed mirror and a lens. 

[0025] When the red light, green light and blue light are 
re?ected from one surface of the re?ecting rotating multi 
surface element 43, their respective optical paths intersect. 
When any of the red light, green light, and blue light are 
re?ects as tWo lights from one surface of the re?ecting 
rotating multisurface element 43, then the optical paths of 
their light intersect (related later on While referring to FIG. 
4, FIG. 5). The red light, green light and blue light emitted 
from the re?ecting rotating multisurface element 43 pass 
through the converging lens 6, the condensing lens 8, and the 
polariZing plate 9a and after re?ecting from the PBS 10, pass 
through the M4 Wavelength plate 11 and are beamed on 
different locations on the display element 12. P polariZed 
light converted from the S polariZed light emitted from the 
display element 12 passes through the PBS10, and after 
further permeating through the polariZing plate 9b, is dis 
played as an enlarged image on the screen (not shoWn in 
draWing) by Way of the projection lens 13. 

[0026] Any of a transmissible liquid crystal device, a 
re?ecting liquid crystal display element, a ferroelectric liq 
uid crystal device as Well as a micro-mirror image display 
element may serve as needed, as the display element of the 
present invention. In the present embodiment, the re?ecting 
liquid crystal display element or the ferroelectric liquid 
crystal device can be used as the display element 12. 

[0027] In the embodiment of FIG. 1, the optical paths of 
the red light, green light and blue light re?ected by the 
dichroic mirror group 7a, 7b, 7c are aligned so that the red 
light, green light and blue light are beamed onto the speci 
?ed locations on the display element 12. Also, the siZe and 
number of rotating polygonal mirrors is determined so that 
When the rotating multisurface element 43 has rotated these 
optical paths, the red light, green light and blue light can be 
moved at approximately the same speed in one direction. 

[0028] Further, a combination of dichroic prisms and 
re?ecting mirrors can be used instead of the dichroic mirror 
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group 7a, 7b, 7c, to separate the red light, green light and 
blue light and control the optical axis With re?ecting mirror. 

[0029] The light beam (irradiation) status of the red light, 
green light and blue light at the time of re?ection from the 
re?ecting rotating multisurface element 43 onto the display 
element 12 is next described While referring to FIG. 2. 

[0030] FIG. 2 is an oblique vieW of the display element 
for describing the beaming of the three color light on the 
display element. In FIG. 2, 12R is the location Where the red 
light is beamed upon, 12G is the location Where the green 
light is beamed, and 12B shoWs the location Where the blue 
light is beamed. The blue light, green light and red light are 
beamed upon the display element 12 simultaneously. Here, 
21R, 21G and 21B are respectively the locations Where the 
red light, green light and blue light are next beamed, and the 
address for beaming the red light, green light and blue light 
is performed. The siZe of that location is determined by the 
Write time of the display element 12, namely, the response 
time of the display element 12 and the scroll speed so that 
even one line is suf?cient When the response time is suf? 
ciently faster than the movement time for scrolling one line. 
When the response time is sloW, a number of lines is 
assigned to match that response time. 

[0031] When ?rst beaming these lights from above by 
scrolling along the display element 12, each color is Written 
in sequence from above, as information matching each color 
in the respective address in locations 12R, 12G and 12B, and 
the red light, green light, blue light is then beamed in 
sequence from above on each color area on the display 
element 12. During that time, addresses are Written in the 
locations 21R, 21G and 21B. When the address Writing in 
the locations 21P, 21G and 21B is complete, the red light, 
green light, blue light beaming on the respective locations 
12R, 12G and 12B moves doWnWard along the display 
element 12 just by an amount corresponding to the locations 
21R, 21G and 21B, and red light, green light, blue light 
beams (irradiates) on the locations 21R, 21G and 21B. When 
Writing in the locations 21R, 21G and 21B is complete, 
address Writing is then performed on the loWer line. The 
locations irradiated by the red light, green light and blue 
light in this Way move doWnWard in sequence. 

[0032] The siZe of the locations 12R, 12B and 12B are 
approximately the same in this embodiment, so the lens 
shapes of the ?rst array lens 2 are formed to resemble the 
light band shape of the red, green or blue light beaming on 
the locations 12R, 12G and 12B on the display element 12. 

[0033] The second embodiment of the present invention is 
next described While referring to FIG. 3 through FIG. 5. 

[0034] FIG. 3, FIG. 4 and FIG. 5 are structural vieWs 
shoWing the second embodiment of the optical unit of the 
invention and ?at vieWs of the display element. FIG. 3A, 
FIG. 4A and FIG. 5A are structural vieWs of the respective 
optical units. FIG. 3B, FIG. 4B and FIG. 5B are shoW 
locations on the display element irradiated by the red light, 
green light and blue light. In the ?gure, When the re?ecting 
rotating multisurface element 43 is rotating in the direction 
of arroW A. FIG. 3A shoWs the embodiment When the red 
light, green light and blue light re?ected by the dichroic 
mirror groups 7a, 7b, 7c is beamed upon one surface of the 
re?ecting rotating multisurface element 43. In this case, as 
shoWn in FIG. 3B, the locations irradiated by the red light, 
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green light and blue light, are 12R, 12G and 12B in sequence 
from left to right on the display element 12. The embodiment 
in FIG. 4A shows the case When the red light and green light 
re?ected by the dichroic mirror groups 7a, 7b, 7c from 
among the red, blue and green light, are beamed upon one 
surface, and the blue light is beamed upon the neXt surface. 
In this case, as shoWn in FIG. 4B, the locations beamed 
upon by the red light, green light and blue light, are 12B, 
12R and 12G in sequence, from the right, on the display 
element 12. 

[0035] In the embodiment shoWn in FIG. 5A, only the red 
light from among the light re?ected by the dichroic mirror 
groups 7a, 7b, 7c is beamed upon the surface, and the green 
light and blue light is beamed upon the neXt surface. In this 
case, as shoWn in FIG. 5B, the locations on Which the red 
light, green light and blue light is beamed, are the locations 
12G, 12B and 12R in sequence from the right on the display 
element 12. 

[0036] Sections in FIG. 3 through FIG. 5 assigned With 
the same reference numerals are identical to the same 
sections in FIG. 1 so an explanation is omitted here. In FIG. 
3 through FIG. 5, the point differing from FIG. 1 is that, the 
M2 Wavelength plate 4a, and the second collimator lens 5b 
are omitted on the optical path from the light source 1 to the 
dichroic mirror group 7a, 7b, and 7c. The third collimator 
lens 5c is eliminated from the optical path from the dichroic 
mirror group 7a, 7b, and 7c to the re?ecting rotating 
multisurface element 43 and a convergence lens 6a is used 
instead. The optical path has the same structure from the 
re?ecting rotating multisurface element 43 to the projection 
lens 13. This embodiment operates the same as the embodi 
ment of FIG. 1, and along With red light, green light and 
blue light beaming onto the respective locations 12a, 12b 
and 12c on the display element 12, those locations are 
moved in sequence in one direction on the display element 
12, and a color image can be displayed on a screen (not 
shoWn in draWing) on one display element 12. 

[0037] FIG. 3 shoWs the case When the red light, green 
light and blue light re?ected by the dichroic mirror group 7a, 
7b, and 7c are respectively converged on one surface of the 
re?ecting rotating multisurface element 43. In this case, the 
optical aXes of the red light, green light and blue light 
re?ected from the re?ecting rotating multisurface element 
43 intersect betWeen the light beam input surface of the 
PBS10 and the re?ecting rotating multisurface element 43. 
The eXample in this embodiment described an eight surface 
element but there is no restriction on the number of surfaces. 

[0038] When red light and green light are beamed upon 
one surface of the re?ecting rotating multisurface element 
43, and blue light is beamed on the neXt surface as shoWn in 
FIG. 4, the green light and red light are then beamed on the 
PBS10, after the optical aXes of the green light and the red 
light re?ected from the re?ecting rotating multisurface ele 
ment 43 intersect each other, hoWever the optical aXis of the 
blue light does not intersect With the aXes of the red light and 
green light and is input to the PBS10. 

[0039] When the red light is beamed upon one surface of 
the re?ecting rotating multisurface element 43, and the 
green light and blue light are beamed on the neXt surface as 
shoWn in FIG. 5, the light is beamed onto the input surface 
of the PBS10 after the optical aXes of the green light and 
blue light re?ected from the neXt surface of the re?ecting 
rotating multisurface element 43 have intersected each other. 
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[0040] It can be seen from the above description that When 
a plurality of light colors are beamed upon one surface of the 
re?ecting rotating multisurface element 43, the light is 
beamed into the PBS10 after the optical aXes of the plurality 
of light re?ected from the re?ecting rotating multisurface 
element 43 intersect. 

[0041] The embodiment of the display device of the 
present invention is described neXt. 

[0042] FIG. 6 is a structural vieW shoWing the ?rst 
embodiment of the display device of the present invention. 

[0043] Sections in FIG. 1, and FIG. 3 through FIG. 5 
assigned With the same reference numerals are identical to 
the same sections in this ?gure so an explanation is omitted 
here. In this embodiment, the optical path from the light 
source 1 to the dichroic mirror group 7a, 7b, and 7c is the 
same as the embodiment of FIG. 1, and the optical path from 
the dichroic mirror group 7a, 7b, and 7c to the projection 
lens 13 is the same as the optical path in FIG. 3 through 
FIG. 5. The operation of the optical unit of this embodiment 
is also the same as in FIG. 1 and FIG. 3 through FIG. 5 so 
that a color image can be shoWn on the screen (not shoWn 
in draWing) by the beaming of light from the projection lens 

[0044] In the embodiment of FIG. 6, the reference 
numeral 24 denotes a poWer supply, the reference numeral 
25 denotes an image display circuit for processing image 
signals and the reference numeral 26 denotes an eXhaust fan, 
and the image display device is comprised by mounting 
these components in an optical unit having an optical path 
from the light source 1 to the projection lens 13. 

[0045] The embodiment When the direction from the light 
source 1 to the dichroic mirror group 7a, 7b, and 7c is the 
same as the direction from the re?ecting rotating multisur 
face element 43 to the projection lens 13 is described neXt 
While referring to FIG. 7. 

[0046] FIG. 7 is structural vieWs shoWing the third 
embodiment of the optical unit of the present invention. 
Sections in the ?gure assigned With the same reference 
numerals are identical to the same sections in the embodi 
ments of FIG. 1 and FIG. 3 through FIG. 5 so an eXpla 
nation is omitted here. 

[0047] The optical path betWeen the light source 1 to the 
dichroic mirror group 7a, 7b, 7c is different from the optical 
path shoWn in FIG. 1 in that there is no second collimator 
5b hoWever the other components of the optical path are the 
same. 

[0048] In the optical path from the dichroic mirror group 
7a, 7b, and 7c to the re?ecting rotating multisurface element 
43 is different from the optical path shoWn in FIG. 1 in that 
there is no third collimator 5c, hoWever this collimator 5c 
may also be used. TWo types of converging lenses 6a, 6b are 
used in the optical path from the re?ecting rotating multi 
surface element 43 to the PBS10. The structure from the 
PBS10 onWards is the same as shoWn in FIG. 1. The dotted 
line in FIG. 7 indicates the green light, While the dot-dash 
line indicates the optical aXis of the green light. The optical 
aXes of the red light and blue light are omitted but their 
optical aXes can be shoWn as in FIG. 1. 

[0049] In this embodiment, among the three (colors of) 
lights re?ected from the dichroic mirror group 7a, 7b, and 
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7c, the light in the center, or in other Words the green light 
is focused and converged on one surface of the re?ecting 
rotating multisurface element 43. In this case, the red light 
and the blue light are beamed centered around the green light 
on the re?ecting rotating multisurface element 43 so that 
each surface of the re?ecting rotating multisurface element 
43 can be made smaller compared to When the green light is 
converged onto other than the center of the re?ecting rotat 
ing multisurface element 43. 

[0050] Also in the present embodiment, the red light, 
green light and blue projected light can be emitted from the 
projection lens 13 on an optical axis approximately in 
parallel With the optical axis of the dichroic mirror group 7a, 
7b, and 7c from the light source 1. 

[0051] There is no restriction here on the collimator lens 
and these may be installed behind the dichroic mirror group 
7a, 7b, and 7c. The particular features of the dichroic mirror 
group 7a, 7b, and 7c may also be interchanged such as by 
either of the combinations of RGB, BGR hoWever, Weak 
light Wavelengths should have priority according to the 
output of the light source serving as the light source, in other 
Words, the initial re?ection method is satisfactory for reduc 
ing the permeance (transmittance) count. 

[0052] The fourth embodiment of the present invention is 
described next While referring to FIG. 8. 

[0053] FIG. 8 is a structural vieW shoWing the fourth 
embodiment of the optical unit of the present invention. In 
this ?gure, after the light from the light source 1 has passed 
through the ?rst collimator lens 5a and the second collimator 
lens 5b, the light is input to the ?rst light valve 46. The 
polariZation direction of the light is aligned by the PBS45a, 
PBS or the full re?ecting prism or the full re?ecting mirror 
45b, or the M2 Wavelength plate 4b While re?ecting from the 
internal surface of the ?rst light valve 46 and advancing, and 
is input for example as S polariZed light to the second light 
valve 44. The S polariZed light input to the second light 
valve 44 advances While re?ecting from the internal surfaces 
of the second light valve 44 and the red light, green light and 
blue light are respectively re?ected from the dichroic mirror 
group 7a, 7b, and 7c and are input to the re?ecting rotating 
multisurface element 43. The red light, green light and blue 
light re?ected from the re?ecting rotating multisurface ele 
ment 43 pass through the ?rst converging lens 6a, second 
converging lens 6b, third convergence lens 6c and polariZing 
plate 9a and are input to the PBS10. The optical path from 
there onWards is the same as in the case of FIG. 1. 

[0054] A color image can also be displayed on the screen 
in this embodiment. Also in this embodiment, light projected 
from the projection lens 13 can be emitted on an optical path 
in a direction perpendicular to the optical axis of light from 
the dichroic mirror group 7a, 7b, and 7c and light source 1. 

[0055] In this embodiment, the light is formed into S 
polariZed light by means of the PBS45a and the fully 
re?ecting prism 45b so that a line or streak can be obtained 
betWeen the S polariZed light emitted from S polariZed light 
emitted from the PBS 45A and the S polariZed light emitted 
from the fully re?ecting prism 45b. When these tWo S 
polariZed lights pass through the second light valve 44, the 
line or streak occurring among the tWo S polariZed lights is 
eliminated by re?ection of the tWo S polariZed lights inter 
nally in the second light valve 44. If not concerned With the 

Jul. 28, 2005 

line or streak occurring among the tWo S polariZed lights, 
then the second light valve 44 for aligning the S polariZed 
light may be omitted. 

[0056] Insertion of the PBS45a causes the Width of the 
light of the light valve 46 to enlarge in one direction to 
approximately tWice the original siZe so the shape of the 
output beam opening of the light valve 44 can easily be 
made to a similar shape (band rectangular shape) as the 
scroll band shape on the display element. Also the input 
opening shape of the light valve 46 can be designed to a 
shape (for example, an approximately square shape) to 
match the light spot shape, so that light loss can be limited 
and the light can easily be extended to a rectangular shape 
and extremely good ef?ciency obtained. The output light 
beam opening of the light valve 44 can also be made to 
reconverge light onto the display element Without having to 
form a rectangular aperture so that there is no need to cutoff 
the light such as by using a rectangular aperture and the 
ef?ciency is good. 

[0057] When a micromirror type image display element is 
utiliZed as the display element 12 in this embodiment, there 
is no need to align the direction of the polariZed light so that 
the PBS45a, the fully re?ecting prism or the fully re?ecting 
mirror 45b, and the M2 Wavelength plate 4b are not needed. 

[0058] The ?fth embodiment of the optical unit of the 
present invention is described next. 

[0059] FIG. 9 is structural vieWs shoWing the ?fth 
embodiment of the optical unit of the present invention. In 
the ?gure, the dotted line indicates only the green light and 
the dot-dashed line indicates the green light optical axis. The 
optical axes of the other colors of light are the same as for 
example in FIG. 1. Sections in the ?gure having the same 
reference numbers as in FIG. 1 have the element functions 
so a description is omitted. 

[0060] In this embodiment, the light from the light source 
1 is input to a ?rst array lens 2 for forming a plurality of 
secondary light source images, and passed through a second 
array lens 3 formed by a plurality of focusing lenses installed 
in the vicinity Where the plurality of secondary light source 
images are formed, and that converges each of the lens 
images of the ?rst array lens 2 onto the liquid crystal display 
element 12. The mixed light of P polariZed light and S 
polariZed light that passed the second array lens 3 is aligned 
into S polariZed light by the polariZed beam splitter 4, and 
by means of the ?rst collimator lens 5a, the red light, green 
light and blue light are respectively re?ected by the red 
dichroic mirror 7a for re?ecting red light, the green dichroic 
mirror 7b for re?ecting green light, and blue dichroic mirror 
or re?ecting mirror 7c for re?ecting blue light (An ultravio 
let permeable mirror may be used, and if the structure 
re?ects the red light last, then may comprise an IR perme 
able mirror.). The red light, green light and blue light 
irradiate onto respectively different locations on the re?ect 
ing rotating multisurface element 43 and are re?ected by the 
re?ecting rotating multisurface element 43. After the red 
light, blue light and green light re?ecting from the re?ecting 
rotating multisurface element 43 have passed through the 
second collimator lens 5b, and been re?ected by the re?ect 
ing mirror 16, the optical path is changed approximately 90 
degrees and passes through the condenser lens 8. The red 
light, blue light and green light that passed through the 
condenser lens 8, passed through the ?rst polariZing plate 
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9a, is re?ected by the PBS10, passes through the M4 
Wavelength plate 11 and is input to the re?ecting type 
display element 12. The red light, blue light and green light 
converted into P polarized light at the display element 12, 
passes this time through the PBS10, and is output by the 
second polariZing plate 9b. The optical aXis emitted from 
PBS10 is parallel to the direction of the light from the light 
source 1 and is output facing opposite the light from the light 
source 1. 

[0061] In this embodiment, an optical unit can be con?g 
ured Without using a convergence optical system. 

[0062] An eXample is neXt described using a transmissible 
rotating polygonal mirror in the optical unit. 

[0063] FIG. 10, FIG. 11 and FIG. 12 are structural vieWs 
shoWing the siXth embodiment of the optical unit of the 
present invention and ?at vieWs of the display element. FIG. 
10A, FIG. 11A and FIG. 12A are structural draWings of the 
respective optical units. FIG. 10B, FIG. 11B and FIG. 12B 
shoW locations on the display element irradiated by the red 
light, green light and blue light. 

[0064] FIG. 10A shoWs the case When the red light, green 
light and blue light irradiate (beam) onto one surface of the 
transmissible rotating polygonal mirror With optical paths of 
mutually different directions, and the red light, green light 
and blue light are emitted from a surface facing that one 
surface. The red light, green light and blue light irradiate 
(beam) respectively in sequence from the top, onto the 
locations 12R, 12G and 12B on the surface of the display 
element 12 as shoWn in FIG. 10B. The embodiment in FIG. 
11, shoWs the case When the red light, green light and blue 
light irradiate (beam) onto tWo surfaces of the transmissible 
rotating polygonal mirror 43 from optical aXes of mutually 
different directions, and the red light, green light and blue 
light are emitted from surfaces opposing (facing) those tWo 
surfaces. As shoWn in FIG. 11B, the red light, green light 
and blue light is irradiated onto the locations 12G, 12B and 
12R in sequence from above, on the surface of the display 
element 12. The embodiment in FIG. 12A shoWs the case 
When the red light, green light and blue light irradiate (beam) 
onto tWo surfaces of the transmissible rotating polygonal 
mirror 43 from optical aXes of mutually different directions, 
and the red light, green light and blue light are emitted from 
surfaces opposing (facing) those tWo surfaces, and as shoWn 
in FIG. 12B, the red light, green light and blue light irradiate 
(beam) in sequence from above, onto the locations 12B, 12R 
and 12G on the display element 12. 

[0065] In FIG. 10 through FIG. 12, the light from the light 
source 1 passes through the ?rst array lens 2 and the second 
array lens 3, and the polarity of the light is aligned by the 
PBS4, and passes through the collimator lens 5 for eXample 
as S polariZed light, and the red light, green light and blue 
light are respectively re?ected by the red dichroic mirror 7a 
for re?ecting red light, the green dichroic mirror 7b for 
re?ecting green light, and a blue dichroic mirror or re?ecting 
mirror 7c for re?ecting blue light. The red light, green light 
and blue light re?ected by the dichroic mirror group 7a, 7b, 
7c pass the transmissible rotating polygonal mirror 47. The 
red light, green light and blue light permeating through the 
transmissible rotating polygonal mirror 47, then passes 
through the condenser lens 8 and the ?rst polariZing plate 9a, 
is re?ected by the M4 Wavelength plate 11 and is input to the 
re?ecting type display element 12. 
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[0066] The red light, green light and blue light re?ected at 
this display element 12 and polariZed into P polariZed light, 
passes the PBS10 and is input to the projection lens 13. In 
this embodiment, the direction of the light emitted from the 
projection lens 13 is approximately parallel With the direc 
tion of light emitted from the light source 1, and faces the 
opposite direction. 

[0067] In the embodiments in FIG. 10 through FIG. 12, 
the transmissible rotating polygonal mirror 47 rotates clock 
Wise (direction of arroW A) as seen in the draWing. 

[0068] In FIG. 10, the red light, green light and blue light 
re?ected by the dichroic mirror group 7a, 7b, 7c on mutually 
different optical aXes, are input to one surface of the trans 
missible rotating polygonal mirror 47, pass through the 
transmissible rotating polygonal mirror 47, and after being 
emitted from a surface facing the transmissible rotating 
polygonal mirror 47, these optical aXes intersect and are 
input to the condenser lens 8. 

[0069] In FIG. 11, the transmissible rotating polygonal 
mirror 47 is rotated clockWise in the case of FIG. 10, and the 
red light input to one surface, and the green light and blue 
light input to the neXt surface, and the respective red light, 
green light and blue light pass the transmissible rotating 
polygonal mirror 47, the red light is emitted from a surface 
different from the surface facing the one surface (of the 
multisurface element 47), the green light is input from the 
neXt surface, and emitted from a surface facing that surface, 
the blue light is input from the next surface, and emitted 
from a surface different from the surface facing that one 
surface. In this embodiment, the green light and blue light 
input from different surfaces, are emitted from different 
surfaces and after intersecting, are input to the PBS10. 

[0070] In FIG. 12, the red light is input to one surface of 
the transmissible rotating polygonal mirror 47, and the green 
light and blue light input from the neXt surface, and the red 
light, green light and blue light respectively pass the trans 
missible rotating polygonal mirror 47. The red light is output 
from the surface facing the neXt surface, the green light is 
output from the surface facing the one surface, and the blue 
light is output from the surface facing the neXt surface. After 
the red light and blue light output from the surface facing the 
neXt surface have intersected, they pass the condenser lens 
and are input to the PBS10. 

[0071] In the embodiments from FIG. 10 through FIG. 
12, at least tWo of the red light, green light and blue light 
intersect after being output from the transmissible rotating 
polygonal mirror 47. 

[0072] In this embodiment, any material capable of per 
meating light can be used as the material for the transmis 
sible rotating polygonal mirror 47. Also, the number of 
surfaces of the transmissible rotating polygonal mirror 47 is 
not limited to eight surfaces and any polyangular shape can 
be utiliZed if having three or more sides. There are further no 
restrictions on the siZe of the transmissible rotating polygo 
nal mirror 47. 

[0073] The invention as described above can irradiate a 
respective plurality of colors on different locations on one 
display element by utiliZing a dichroic mirror group to 
separate and re?ect light into a plurality of colors, and a 
rotating multisurface element to change the direction of this 
plurality of colors; furthermore, the locations irradiated (or 



US 2005/0162749 A1 

beamed upon) on the display element by the plurality of 
colors can be sequentially changed in one direction by 
rotating the rotating rnultisurface elernent, so that a color 
image can be obtained using one display element that further 
has a simple structure. 

[0074] Also in this invention, the light from the light 
source is separated into a plurality of colors and this sepa 
rated plurality of light colors can be irradiated With good 
e?iciency upon a display element so that the utiliZation 
e?iciency of the light is good. 

[0075] In this invention, only one rotating rnultisurface 
element is used so that the positioning of the plurality of 
light colors irradiated upon the display element is simple. 

[0076] In this invention therefore, as described above, an 
optical unit having a simple single plate type structure can 
be obtained. An optical unit having good light utiliZation 
e?iciency can be obtained. Further, an optical unit having 
good sirnple positioning of the plurality of colors on the 
display element can also be obtained. 

1-22. (canceled) 
23. An image display device comprising a light source, a 

re?ecting image display element to form an optical image 
according to an image signal from the light emitted from 
said light source, a color separator Which separates the light 
emitted from said light source into a plurality of light colors, 
a rotating rnultisurface element being inputted With each 
light color of the plurality of light colors emitted by said 
color separator Which changes the respective optical aXis 
direction and bearning said each light color onto different 
locations on said re?ecting image display element While 
scrolling the light in one direction, a projection lens Which 
projects light emitted from said re?ecting image display 
element as a color image light, and an optical element Which 
changes shape of the light emitted from said light source into 
approXirnately similar shape as the form of the each light 
color of the plurality of light colors Inputted onto said 
re?ecting image display element, Wherein the light changed 
by said optical element is inputted With said rotating rnul 
tisurface elernent through said color separator. 

24. An image display device according to claim 23, 
Wherein said optical element is constituted including at least 
one light pipe. 

25. An image display device according to claim 24, 
Wherein the output opening shape of said light pipe is 
designed to approximately similar shape as the form of the 
each light color inputted onto said re?ecting image display 
element. 
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26. An image display device according to claim 23, 
Wherein said optical element is constituted including a 
plurality of array lenses Which constituted ach plural lens 
cells and each array lens shape of the said plurality of array 
lenses is designed to approximately similar shape as the 
form of the each light color inputted onto said re?ecting 
image display element. 

27. An image display device according to claim 23, 
Wherein the light aXes of each light color of the plurality of 
light colors emitted by said color separator are inputted onto 
approXirnately vertically to one surface constituting said 
rotating rnultisurface element at predetermined rotating 
angle. 

28. An image display device comprising a light source, a 
color separator Which separates the light emitted from said 
light source into a plurality of light colors, a rotating 
rnultisurface element which re?ects each light color of the 
plurality of light colors emitted by said color separator, a 
re?ecting image display element to form an optical image 
according to an image signal, based on the light emitted 
from said rotating rnulti surface element, a projection lens 
Which projects light emitted from said re?ecting image 
display element as a color image light, and an optical 
element Which changes shape of the light emitted from said 
light source into approXirnately similar shape as the form of 
the each light color of the plurality of light colors inputted 
onto said re?ecting image display element, Wherein the light 
changed by said optical element is inputted onto said rotat 
ing rnultisurface elernent through said color separator. 

29. An image display device according to claim 28, 
Wherein said optical element is constituted including at least 
one light pipe. 

30. An image display device according to claim 29, 
Wherein the output opening shape of said light pipe is 
designed to approximately similar shape as the form of the 
each light color inputted onto said re?ecting image display 
element. 

31. An image display device according to claim 28, 
Wherein said optical element is constituted including a 
plurality of array lenses Which constituted ach plural lens 
cells and each array lens shape of the said plurality of array 
lenses is designed to approximately similar shape as the 
form of the each light color inputted onto said re?ecting 
image display element. 


