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IMAGE PROJECTION SYSTEM WITH AN
INVISIBLE-LIGHT REFLECTOR FOR HEAT
DISSIPATION

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF INVENTION

1. Field of the Invention

The mvention relates to an 1mage projection system, and
more particularly, to an 1mage projection system that 1s
installed with an_invisible-light reflector according to a pre-
determined angle and a predetermined position for heat dis-
sipation.

2. Description of the Prior Art

With the promotion of the electro-optic techniques, pro-
jecting devices are widely used in various applications.
Nowadays, the projecting devices include CRT projectors,
LCD projectors, and DMD-based DLP5. In addition, LCOS
projectors are expected future stars in the projecting industry.
The basic operating principle of various projecting devices 1s
the same: utilizing a high-luminance light source to emit a
light beam that then will be passed though some specific
optical image modules, such as optical filter, to be projected
on a screen with informative content. Generally, the optical
power ol the high-luminance light source will crucially affect
the projecting performance of the projecting device. In brief,
higher optical power of the high-luminance light source will
lead to a better projecting performance of the projecting
device.

Please refer to FIG. 1, which 1s an 1image projection system
10 according to the prior art. The image projection system 10
includes a light source 12, a reflective housing 14, an image
module 16, and an optical component 18. The image projec-
tion system 10 may further comprise a glass 20 as an R-G-B
color wheel or as a protection glass. The light source 12 1s
used to generate a light beam, and the reflective housing 14
can be an elliptic reflective housing. The light source 12 1s
installed at a focal point of the elliptic retlective housing 14,
and the retlective housing 14 forms an accommodating space
and includes an opening. The light source 12 1s installed
inside the accommodating space, so that the light beam gen-
erated by the light source 12 substantially propagates along
an optical path through the opening away from the accom-
modating space after being reflected by the elliptic reflective
housing 14. The image module 16 includes a plurality of
controllable reflectors for generating a projecting beam con-
taining an optical image. The optical component 18, which
comprises prisms and lens, 1s used to focus and output the
projecting beam containing the optical 1mage.

Design of the high-luminance light source will crucially
aifect the projecting performance of the projecting device. In
U.S. Pat. No. 6,281,620. “Lamp with IR reflectivity”, Yeh et
al. disclose a bulb that can be used to retlect infrared rays, and
Yeh et al. also teach a method for increasing the luminance
eificiency by focusing the reflected infrared rays on the lamp
wick. In U.S. Pat. No. 6,398,367, “Light source device and
projector using the light source device”, Watanabe et al. teach
that the light source 12 and the reflective housing 14 shown in
FIG. 1 can be detachably integrated. In addition, Watanabe et
al. also provide a protection for the 1mage projection system
10 with a transparent front glass at the opeming of the retlec-
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“Image projection system packaged to operate lying flat with
avery low profile”, Peterson et al. further install a color wheel

20 coated with an ultraviolet-rays-proof coating 1n the system
shown in FIG. 1 for filtering out the ultraviolet rays so that the
ultraviolet rays will not damage the image module 16 and
optical component 18 1inside the image projection system 10.
Designs similar to the above-mentioned structure can also be
found 1n U.S. Pat. No. 6,299,310, “Luminous intensity detec-
tion and control system for slit lamps and slit lamp projec-
tions”.

The above-mentioned prior-art techniques, which make
use of a higher optical power of the high-luminance light
source to improve the projecting performance of the project-
ing device, are no longer useful. First, when designers raise
the optical power of the light source from about 100 W to
higher than 200 W or 400 W. The heat dissipation becomes a
problem difficult to handle in the image projection system 10
as shown in FIG. 1. The traditional design for heat dissipation
including installing at least a fan in the image projection
system cannot dissipate the infrared-ray heat generated from
the light source. In addition, destructive infrared-ray heat
combined with ultraviolet rays generated from the extremely-
high-luminance light source may seriously damage all com-
ponents of the 1image projection system 10 shown 1n FIG. 1,
including the light source 12, the reflective housing 14, and so
on. Therefore, the image projection system 1nstalled with the
extremely-high-luminance light source should be equipped
with an effective heat-dissipation design.

SUMMARY OF INVENTION

It 1s therefore a primary objective of the claimed invention
to provide an 1image projection system that is installed with an
invisible-light reflector according to a predetermined angle
and a predetermined position for heat dissipation to solve the
above-mentioned problems.

In the claimed invention, an 1mage projection system 1s
installed with an invisible-light reflector for confining the
exceeding invisible light, including infrared rays and ultra-
violetrays, in an accommodating space formed by areflective
housing for protecting the 1mage projection system. In addi-
tion, the mvisible-light reflector i1s installed according to a
predetermined angle and a predetermined position for avoid-
ing damage to the light source and the reflective housing of
the 1mage projection system caused by the ivisible light.

According to the claimed invention, an 1mage projection
system comprises a light source for generating a light beam,
a retlective housing comprising a opening, the reflective
housing forming an accommodating space, the light source
installed inside the accommodating space so that the light
beam generated by the light source substantially propagates
along an optical path through the opening away from the
accommodating space, and an 1nvisible-light reflector
installed at a reflecting position intersecting with the optical
path outside the opening of the retlective housing, a normal of
the invisible-light reflector and the optical path intersecting to
form a predetermined angle so that invisible light of the light
beam emitted from the opening will be reflected back into the
accommodating space.

According to the claimed invention, an 1mage projection
system comprises a light source for generating a light beam,
an elliptic reflective housing comprising an opening, the
reflective housing forming an accommodating space, the light
source 1nstalled mside the accommodating space so that the
light beam generated by the light source substantially propa-
gates along a major axis of the elliptic reflective housing
through the opening away from the accommodating space, an
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image module comprising a plurality of controllable optical
reflectors for modulating the light beam to generate a project-
ing beam containing an optical image, and an invisible-light
reflector installed between the reflective housing opening and
the image module and at a reflecting position at which the >
invisible-light reflector intersects the major axis of the elliptic
reflective housing, a normal of the mnvisible-light reflector and
the major axis intersecting to form a predetermined angle so
that invisible light of the light beam emitted from the opening
will be reflected back into the accommodating space. 10

According to the claimed invention, an 1mage projection
system comprises a light source for generating a light beam,

a parabolic reflective housing comprising an opening, the
parabolic reflective housing forming an accommodating,
space, the light source installed inside the accommodating 15
space so that the light beam generated by the light source
substantially propagates along an optical path through the
opening away from the accommodating space, and an 1nvis-
ible-light reflector installed at a reflecting position 1ntersect-
ing with the optical path outside the opening of the reflective 2¢
housing, a normal of the invisible-light reflector and the opti-

cal path intersecting to form a predetermined angle so that
invisible light of the light beam emaitted from the opening will

be reflected back into the accommodating space and the 1nvis-
ible light will focus on a predetermined heat-dissipation posi- 2>
tion away from the focal point.

These and other objectives of the present mnvention will no
doubt become obvious to those of ordinary skill 1n the art after
reading the following detailed description of the preferred
embodiment, which is illustrated in the various figures and 3Y
drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an 1mage projection system according to the prior 35
art.

FIG. 2 1s a schematic diagram of an embodiment of an
image projection system according to the present invention.

FIG. 3 1s a schematic diagram of an embodiment of the
present invention showing a predetermined angle equal to 0 40
degrees.

FIG. 4 1s a schematic diagram of another embodiment of
the present mvention showing a predetermined angle not
equal to 0 degrees.

FI1G. 5 1s a schematic diagram of another embodiment ofan 45
image projection system according to the present invention.

FIG. 6 1s an external side view of a practical embodiment
according to the present invention.

FI1G. 7 1s a three-dimensional view of the practical embodi-
ment shown 1n FIG. 6. 50

DETAILED DESCRIPTION

The 1image projection system of the present mvention 1s
installed with a light source with high luminance power, and 55
a light beam generated by the light source includes visible
light and invisible light harmiul to electronic devices and
optical components. The 1nvisible light comprises (low-ire-
quency) infrared rays and (high-frequency) ultraviolet rays.
The infrared rays will generate heat and the ultraviolet rays 60
will damage bonding between molecules. Due to higher-
power light beams bringing more infrared rays and ultraviolet
rays, the damage will be aggravated by the invisible light
emitting from the light source with high luminance power.

Please refer to FI1G. 2, which 1s a schematic diagram of an 65
embodiment of an 1mage projection system 30 according to
the present mvention. The image projection system 30

4

includes a light source 32, a reflective housing 34, an 1image
module 36, and an invisible-light reflector 38. The light
source 32 1s used to generate a light beam, and the reflective
housing 34 includes an opening.

The reflective housing 34 forms an accommodating space,
and the light source 32 is 1nstalled 1nside the accommodating
space, so that the light beam generated by the light source 32
substantially propagates along an optical path through the
opening away from the accommodating space. The image
module 36 imncludes a plurality of controllable optical reflec-
tors used to modulate the light beam for generating a project-
ing beam containing an optical image. The image module 36
can be a digital micro-mirror device or a liquid crystal panel.

The 1nvisible-light reflector 38 1s installed between the
opening of the reflective housing 34 and the image module 36
and located at a reflecting position intersecting with the opti-
cal path outside the opening of the reflective housing 34. The
invisible-light reflector 38 can be used to reflect the mvisible
light of the light beam emuitted from the opening back into the
accommodating space. As shown 1n FIG. 2, when installing
the 1nvisible-light reflector 38, a normal N of the invisible-
light reflector 38 and the optical path p form a predetermined
angle 0, and the predetermined angle 1s not equal to O degrees.

One of the major characteristics of the present invention 1s
the installation of the mvisible-light retflector 38. Due to the
invisible-light reflector 38 being installed at the reflecting
position very close to the opening of the reflective housing 34,
the light beam substantially propagating along the optical
path will be blocked by the invisible-light reflector 38, and the
invisible-light reflector 38 can reflect a great part of the invis-
ible light of the light beam back into the accommodating
space formed by the reflective housing 34 for avoiding dam-
age to the image module 36 1n the image projection system 30
caused by the mvisible light.

Moreover, the invisible-light reflector 38 is installed tilted
with respect to the optical path p by a specific angle. Please
continue to refer to FIG. 2. The predetermined angle 0 formed
by the normal N of the invisible-light reflector 38 (the normal
N 1s perpendicular to the invisible-light reflector 38) and the
optical path p 1s an acute angle not equal to 0 degrees. When
being practically implemented regarding the image projec-
tion system 30, the acute angle 0 can be designed to be less
than 45 degrees.

Please refer to FI1G. 3, which 1s a schematic diagram of an
embodiment showing that the predetermined angle 0 1s equal
to O degrees. The image projection system 30 further includes
a light tube 40 connected to the light source 32. The reflective
housing 34 shown 1n FIG. 3 15 an elliptic reflective housing
(the formula of an ellipsoid can be described as follows:
Y*/b*=X?/a*+K), and the light source 32 is installed at a focal
point of the elliptic reflective housing 34. As 1s well known,
the optical property of the elliptic surface 1s that the light
emitted from a focal point will focus on another focal point.
Due to the invisible-light reflector being perpendicular to the
optical path p and the light tube 40 1s close to another focal
point at which the light source 32 1s not located, the invisible
light reflected (by the invisible-light retlector 38) back to the
accommodating space will focus on the light tube 40 to prob-
ably damage the light tube 40. Furthermore, the invisible light
reflected back to the accommodating space may focus on the
light source 32 aifter being retlected again by the elliptic
reflective housing 34 to probably damage the light source 32.

Please refer to FIG. 4. As shown 1n FIG. 4, the reflective
housing 34 1s an elliptic reflective housing (the formula of the
ellipsoid can be described as follows: Y*/b*=X*/a*+K), and
the light source 32 is installed at a focal point of the elliptic
reflective housing 34. Please notice that, in the present




US RE42,617 E

S

embodiment, the predetermined angle 0 1s an acute angle not
equal to O degrees. Therelore, the invisible light reflected (by
the 1nvisible-light reflector 38) back to the accommodating
space would deviate from the optical path p and not focus on
the light tube 40. In addition, by properly adjusting the pre-
determined angle 0, the infrared rays retlected (by the mnvis-
ible-light reflector 38) back to accommodating space will not
focus on the retlective housing 34. Please notice that the
optical path p 1s a major axis of the elliptic retlective housing
in mathematic definition.

Please refer to FIG. 5, which 1s a schematic diagram of
another embodiment of an i1mage projection system 50
according to the present invention. The present embodiment
discloses a new type of retlective housing to illustrate the
characteristics of the present invention for heat dissipation.
The 1image projection system 30 includes a light source 52, a
reflective housing 34, an image module 56, an 1mnvisible-light
reflector 58, and a light tube 60. The light source 52 1s used to
generate a light beam. The retlective housing 54 includes an
opening. The retlective housing 54 forms an accommodating
space and the light source 52 1s installed in the accommodat-
ing space for generating a light beam propagating along an
optical path through the opening away from the accommo-
dating space. The image module 56 includes a plurality of
controllable optical reflectors used to modulate the light beam
to generate a projecting beam.

The difference between the present embodiment and the
above-mentioned embodiment 1s the type of the reflective
housing. The reflective housing 54 1n the present embodiment
1s a symmetric parabolic reflective housing (the formula of a
parabola can be described as follows: Y=X*/a*+K), and the
light source 52 1s installed at a central point of the symmetric
parabolic accommodating space. The optical path p 1s a par-
allel route by which the light beam propagates after being
reflected by the symmetric parabolic reflective housing 34.
Theretfore, the light beam generated by the light source 52
will propagate substantially parallel to the optical path p of
the symmetric parabolic reflective housing 54 through the
opening away from the accommodating space.

The mvisible-light reflector 58 1s located at a reflecting
position R intersecting with the optical path p outside the
opening of the retlective housing 54, and the normal N of the
invisible-light reflector 58 and the optical path p form a pre-
determined angle 0 not equal to O degrees. The 1invisible-light
reflector 58 1s still used to retlect the invisible light of the light
beam emitted from the opening back into the accommodating
space. As shown 1 FIG. 5, the invisible light, after being
reflected, will focus on a predetermined heat-dissipation
position H away from the focal point for preventing damage
to the light source 52 located at the focal point. In addition, the
invisible light will not focus on the light tube 60, by properly
adjusting the predetermined angle 0O, the infrared rays
reflected (by the mvisible-light reflector 58) back to accom-
modating space will not focus on the retlective housing 54.
Therefore, the light source 52, the light tube 60, and the
reflective housing 54 can be well protected from the invisible
light while the image module 56 1s 1solated from the infrared
rays and ultraviolet rays, which are confined in the accom-
modating space.

The above-mentioned components 1n the 1mage projection
system, including the light source, the reflective housing, and
invisible-light reflector, can be designed to form an integral
structure. Please refer to FIG. 6 and FIG. 7. FIG. 6 1s an
external side view of an practical embodiment, and FIG. 7 1s
a three-dimensional view of the practical embodiment shown
in FI1G. 6. A retlective housing 74 and an invisible-light retlec-

tor 78 are shown 1n both FIG. 6 and FI1G. 7. In addition, inside
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the retlective housing 74, a supporting frame 70 and a light
source are included, and all the components can form an
integral structure.

FIG. 6 and FIG. 7 clearly show the invisible-light reflector
78 1s 1nstalled close to an opening of the reflective housing 74
tilted by a predetermined angle 0 not equal to 0 degrees. The
invisible-light reflector 78 should be large enough to totally
cover the opening of the retlective housing 74 to block the
invisible light. Please notice that, when being practically
implemented, the visible-light reflector 78 may comprise
glass coated with a plurality of coatings for efliciently reflect-
ing the invisible light. Because the power of the light beam
generated by the light source may be high enough to damage
the invisible-light reflector 78 (the damage 1s mainly caused
by the infrared rays), the plurality of coatings can be applied
to one side of the glass which 1s most distant from the opening
of the reflective housing 74.

In the present mvention, an 1image projection system 1s
installed with an mvisible-light retlector for confining 1nvis-
ible light, including infrared rays and ultraviolet rays, 1n an
accommodating space formed by a retlective housing for
protecting the image projection system. In addition, the 1nvis-
ible-light reflector 1s mstalled according to a predetermined
angle and a predetermined position for avoiding damage to
the light source and the reflective housing of the image pro-
jection system caused by the invisible light.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What 1s claimed 1s:

1. An image projection system comprising;

a light source for generating a light beam:;

a reflective housing comprising an opening, the opening
having a diameter smaller than a maximum diameter of
the reflective housing, the retlective housing forming an
accommodating space, the light source 1nstalled 1nside
the accommodating space so that the light beam gener-
ated by the light source substantially propagates along,
an optical path through the opening away from the
accommodating space, wherein the reflective housing 1s
substantially parabolic shaped, and the optical path 1s a
substantially parallel route by which the light beam
propagates after being retlected by the parabolic reflec-
tive housing; and

an 1visible-light reflector 1nstalled at a reflecting position
intersecting with the optical path outside the opening of
the reflective housing, a normal of the mvisible-light
reflector and the optical path itersecting to form a pre-
determined angle so that invisible light of the light beam
emitted from the opening will be reflected back into the
accommodating space;

wherein the predetermined angle formed by the normal of
the 1nvisible-light reflector and the optical path 1s an
acute angle not equal to zero degrees, so that infrared
rays of the light beam reflected back into the accommo-
dating space by the invisible-light reflector will not
focus on the reflective housing.

2. The image projection system of claim 1, wherein the
image projection system further comprising a light tube con-
nected to the light source, wherein the infrared rays of the
light beam reflected back into the accommodating space by
the invisible-light reflector will not focus on the light tube.

3. The image projection system of claim 1, wherein the
acute angle 1s smaller than 45 degrees.
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4. The image projection system of claim 1, wherein the
image projection system further comprises an image module,
the image module comprising a plurality of controllable opti-
cal reflectors for modulating the light beam passing through
the 1nvisible-light reflector to generate a projecting beam °
containing an optical image, wherein the light beam passing
through the imvisible-light reflector does not comprise the
inirared rays.

5. The 1mage projection system of claim 4, wherein the
image module 1s a digital micro-mirror device.

6. The 1mage projection system of claim 1, further com-
prising an image module, wherein the 1mage module 1s a
liquid crystal panel.

7. The 1mage projection system of claim 1, wherein the
invisible-light reflector 1s immediately adjacent to the retlec-
tive housing along the optical path.

8. An 1image projection system comprising;:

a light source for generating a light beam;

a parabolic reflective housing comprising an openming, the ¢
parabolic reflective housing forming an accommodating
space, the light source installed inside the accommodat-
ing space so that the light beam generated by the light
source substantially propagates along an optical path
through the opening away from the accommodating 25
space; and

an 1nvisible-light reflector mstalled at a reflecting position
intersecting with the optical path outside the opening of
the parabolic reflective housing, a normal of the 1nvis-
ible-light reflector and the optical path intersecting to

form a predetermined angle so that invisible light of the
light beam emitted from the opening will be reflected
back into the accommodating space;

wherein the predetermined angle formed by the normal of
the 1nvisible-light reflector and the optical path 1s an
acute angle not equal to zero degrees, so that infrared
rays of the light beam retlected back into the accommo-
dating space by the invisible-light reflector will not
focus on the parabolic retlective housing. 40

9. The 1mage projection system of claim 8, wherein the
optical path 1s a parallel route by which the light beam propa-
gates after being reflected by the parabolic reflective housing.

10. A light source module comprising:

a light source for generating a light beam; 45

a reflective housing comprising an opening, the opening
having a diameter smaller than a maximum diameter of
the veflective housing, the reflective housing forming an
accommodating space, the light source installed inside
the accommodating space so that the light beam gener- 50
ated by the light source substantially propagates along
an optical path through the opening away from the
accommodating space, wherein the reflective housing is
substantially parabolic shaped, and the optical path is a
substantially parallel route by which the light beam 55
propagates after being reflected by the parabolic reflec-
tive housing; and

an invisible-light veflector installed at a reflecting position
intersecting with the optical path outside the opening of
the reflective housing, a novmal of the invisible-light 60
reflector and the optical path intersecting to form a
predetermined angle so that invisible light of the light
beam emitted from the opening will be reflected back
into the accommodating space;

whevrein the predetermined angle formed by the novmal of 65
the invisible-light reflector and the optical path is an
acute angle not equal to zero degrees, so that infrared
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rays of the light beam reflected back into the accommo-
dating space by the invisible-light veflector will not focus
on the reflective housing.

11. The light source module of claim 10, wherein the acute
angle is smaller than 45 degrees.

12. The light source module of claim 10, wherein the invis-
ible-light veflector is immediately adjacent to the reflective
housing along the optical path.

13. The light source module of claim 10, wherein the light
source module further comprises a supporting frame, the
supporting frame having a bottom portion extending below
the invisible-light reflector and the reflective housing, and a
lateral portion extending upward and fixing the veflective
housing.

14. The light source module of claim 13, wherein the lateral
portion extending upward from the middle of the bottom por-
tion, so the supporting frame is T shaped in side view.

15. A light source module comprising:

a light source for generating a light beam;

a parabolic reflective housing comprising an opening, the
parabolic veflective housing forming an accommodating
space, the light source installed inside the accommodat-
ing space so that the light beam generated by the light
source substantially propagates along an optical path
thvough the opening away from the accommodating
space; and

an invisible-light reflector installed at a veflecting position
intersecting with the optical path outside the opening of
the parabolic reflective housing, a normal of the invis-
ible-light reflector and the optical path intersecting to
form a predetermined angle so that invisible light of the
light beam emitted from the opening will be rveflected
back into the accommodating space;

wherein the predetermined angle formed by the novmal of
the invisible-light reflector and the optical path is an
acute angle not equal to zevo degrees, so that infrared
rays of the light beam reflected back into the accommo-
dating space by the invisible-light veflector will not focus
on the parabolic reflective housing.

16. The light source module of claim 15, wherein the opti-
cal path is a parallel route by which the light beam propa-
gates after being reflected by the parabolic veflective housing,.

17. The light source module of claim 15, wherein the light
source module further comprises a supporting frame, the
supporting frame having a bottom portion extending below
the invisible-light veflector and the veflective housing, and a
lateral portion extending upward and fixing the rveflective
housing.

18. The light source module of claim 17, whevein the lateral
portion extending upward from the middle of the bottom por-
tion, so the supporting frame is T shaped in side view.

19. A light source module comprising:

a light source for generating a light beam;

a reflective housing comprising an opening, the reflective
housing forming an accommodating space, the light
source installed inside the accommodating space so that
the light beam generated by the light source substan-
tially propagates along an optical path through the
opening away from the accommodating space;

an invisible-light veflector installed at a veflecting position
intersecting with the optical path outside the opening of
the reflective housing, a novmal of the invisible-light
reflector and the optical path intersecting to form a
predetermined angle so that invisible light of the light
beam emitted from the opening will be reflected back
into the accommodating space; and
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a supporting frame having a bottom portion and a lateral rays of the light beam reflected back into the accommo-
portion, the bottom portion extending below the invis- dating space by the invisible-light veflector will not focus
ible-light veflector and the rveflective housing, and the on the reflective housing.
lateral portion extending upward and fixing the reflec- 20. The light source module of claim 19, wherein the lateral
tive housing; 5 portion extending upward from the middle of the bottom por-

whevrein the predetermined angle formed by the novmal of  tion, so the supporting frame is T shaped in side view.

the invisible-light reflector and the optical path is an
acute angle not equal to zervo degrees, so that infrarved %k k%
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