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(7) ABSTRACT

An illumination system using filament lamps including a
filament lamp, a reflector having a first and second focal
points, the filament lamp disposed proximate to the first
focal point of the reflector to emit rays of electromagnetic
radiation that reflect from the reflector and converge sub-
stantially at the second focal point, wherein a portion of the
electromagnetic radiation emitted by the filament lamp
impinges directly on the reflector and a portion of the
electromagnetic radiation does not impinge directly on the
reflector and wherein the system further includes an addi-
tional reflector constructed and arranged to reflect at least
part of the portion of the electromagnetic radiation that does
not impinge directly on the reflector toward the reflector
through the first focal point of the reflector.

37 Claims, 9 Drawing Sheets
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ILLUMINATION SYSTEM USING
FILAMENT LAMPS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Provisional Applica-
tion Ser. No. 60/269,888, filed Feb. 21, 2001, the disclosure
of which is incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to illumination systems using fila-
ment lamps.

2. Description of the Related Art

On-axis reflector systems, such as e.g. elliptical and
parabolic reflector systems, are often used in e.g. fiber optic
illuminators, projection engines for large screen displays,
and projection monitors. Such on-axis reflector systems may
be used to couple electromagnetic radiation from a source
into small targets. On-axis reflector systems, however, may
magnify electromagnetic radiation emitted by the source in
different amounts at different angles. The differences in
magnification are exacerbated by the size of the light source.
An ideal source for such an on-axis system is thus a point
source.

Arc lamps are often used as sources of electro-magnetic
radiation in such systems rather than, e.g. filament lamps,
because they are small enough to approximate a point
source. Arc lamps are smaller than, e.g. filament lamps,
because a, e.g. tungsten filament inside the filament lamp is
generally longer than an arc of a comparable short arc lamp.
If filament lamps were used in an on-axis reflector system,
the image of the filament would be magnified differently for
different angles of emitted radiation, resulting in a large
fuzzy spot. Filament lamps are thus very inefficient for
coupling light into small targets. Filament lamps, however,
are generally less expensive, and last longer, than arc lamps.
Filament lamps are thus generally used in on-axis reflector
systems only if efficiency is not an issue. In applications
where efficiency is not an issue a filament lamp such as, e.g.
a large wattage lamp may be used.

There thus exists a need for a coupling system that can
couple electromagnetic radiation from a filament lamp at
high efficiency into a small target.

SUMMARY OF THE INVENTION

In one aspect, the invention consists of an illumination
system using filament lamps including a filament lamp, a
reflector having a first and second focal points, the filament
lamp disposed proximate to the first focal point of the
reflector to emit rays of electromagnetic radiation that reflect
from the reflector and converge substantially at the second
focal point, wherein a portion of the electromagnetic radia-
tion emitted by the filament lamp impinges directly on the
reflector and a portion of the electromagnetic radiation does
not impinge directly on the reflector and wherein the system
further comprises an additional reflector constructed and
arranged to reflect at least part of the portion of the elec-
tromagnetic radiation that does not impinge directly on the
reflector toward the reflector through the first focal point of
the reflector.

In another aspect, the invention consists of a method of
illumination including steps of positioning a filament lamp
at a first focal point of a reflector, producing rays of radiation
by the filament lamp, reflecting a portion of the rays of
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radiation by the reflector toward a second focal point of the
second reflector, converging the rays of radiation at the
second focal point of the reflector, reflecting at least part of
a portion of the rays of radiation that do not impinge directly
on the reflector toward the reflector through the first focal
point of the reflector, positioning a output light pipe having
an input surface and an output surface so the input surface
is substantially proximate to the second focal point, collect-
ing the rays of radiation at the input surface, passing the rays
of radiation through the output light pipe, and outputting
rays of radiation from the output surface of the output light

pipe.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a schematic diagram of an illumination system
according to one embodiment of the invention;

FIG. 2 is a schematic diagram of an illumination system
according to an alternative embodiment of the invention;

FIG. 3 is a schematic diagram of an illumination system
according to a third embodiment of the invention;

FIG. 4 is a schematic diagram of an illumination system
according to a fourth embodiment of the invention;

FIG. 5 is a schematic diagram of an illumination system
according to a fifth embodiment of the invention;

FIG. 6 is a schematic diagram of an illumination system
according to a sixth embodiment of the invention;

FIG. 7 is a schematic diagram of an illumination system
according to a seventh embodiment of the invention;

FIG. 8 is a schematic diagram of an illumination system
according to an eighth embodiment of the invention; and

FIG. 9 is a schematic diagram of an illumination system
according to a ninth embodiment of the invention.

DETAILED DESCRIPTIONS OF THE
PREFERRED EMBODIMENTS

In a first embodiment of the illumination system 100
using filament lamps, shown in FIG. 1, a filament lamp 102
may be disposed proximate to a first focal point 106 of a
reflector 104 having a first and second focal points 106, 108.
Filament lamp 102 may be, e¢.g. a tungsten filament lamp.
Filament lamp 102 emits rays of electromagnetic radiation
110. Some of rays of electromagnetic radiation 110 are
reflected by reflector 104 and converge substantially at
second focal point 108.

Although some of rays of electromagnetic radiation 110
emitted by filament lamp impinge directly on reflector 104,
a portion of electromagnetic radiation 112 does not impinge
directly on reflector 104. Illumination system 100 further
includes an additional reflector 114 constructed and arranged
to reflect at least part of the portion of electromagnetic
radiation 112 that does not impinge directly on reflector 104
toward reflector 104 through first focal point 106. Since a
filament of filament lamp 102 already occupies first focal
point 106, however, the filament of filament lamp 102
substantially blocks electromagnetic radiation 112. The fila-
ment of filament lamp 102 will thus absorb some of elec-
tromagnetic radiation 112. The portion of electromagnetic
radiation 112 that is absorbed by the filament of filament
lamp 102 may heat the filament of filament lamp 102, raising
its temperature. A higher temperature results in an increased
light output, which may be on the order of 30%.

Additional reflector 114 may be, e.g. a spherical retro-
reflector disposed on a side of filament lamp 102 opposite
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reflector 104 to reflect electromagnetic radiation 112 emitted
from filament lamp 102 toward reflector 104 through first
focal point 106. In an alternative embodiment, shown in
FIG. 2, additional reflector 114 may be a combination of a
parabolic reflector 154 and a planar mirror 156. In a further
alternative embodiment, a full circular parabolic reflector
could be used.

In one embodiment, reflector 104 has a coating 116 that
reflects substantially only a pre-specified portion 118 of a
spectrum of electromagnetic radiation 110. Pre-specified
portion 118 may be, e.g. visible light radiation, ultraviolet
(UV) radiation, infrared (IR) radiation, a pre-specified band
of wavelengths of radiation, or a specific color of radiation.

In a third embodiment, shown in FIG. 3, illumination
system 100 includes a filter 148 placed substantially in a
path of rays of electromagnetic radiation 110. Filter 148 has
a coating 150 that reflects substantially only a pre-specified
portion 152 of a spectrum of electromagnetic radiation 110.
In an alternative embodiment, coating 150 transmits sub-
stantially only a pre-specified portion 152 of a spectrum of
electromagnetic radiation 110. In either embodiment, pre-
specified portion 152 may be, e.g. visible light radiation,
ultraviolet radiation, infrared radiation, a pre-specified band
of wavelengths of radiation, or a specific color of radiation.

In a preferred embodiment, filter 148 reflects ultraviolet
radiation and infrared radiation back to first focal point 106,
while transmitting visible radiation toward second focal
point 108. This would be the case if, e.g. visible light was to
be launched into an output device, but not ultraviolet radia-
tion or infrared radiation. The infrared and ultraviolet radia-
tion reflected by filter 148 can thus be refocused onto the
filament of filament lamp 102, heating the filament further to
produce more light. As a result, more of the infrared and
ultraviolet radiation would be trapped inside the reflector
104 and used for heating the filament of the filament lamp
102, thus increasing the efficiency of the system 100. The
ultraviolet radiation and infrared radiation which would
otherwise be wasted would thus be re-used. In a further
alternative embodiment, one half of filter 148 could be a
reflector and the other half a filter coated with a coating such
as, e.g. coating 150.

In a preferred embodiment, illumination system 100
includes an output light pipe 120 having an input surface 122
and an output surface 124. Input surface 122 may be located
proximate to second focal point 108 to collect substantially
all of radiation 110. Radiation 110 passes through output
light pipe 120 and may be transmitted substantially by
output surface 124. Output light pipe 120 may be composed
of, e.g. a material such as quartz, glass, plastic, or acrylic.
Output light pipe 120 may be, e.g. a homogenizer, a tapered
light pipe, or a straight light pipe. Output light pipe 120 may
have, e.g. a cross-section such as a rectangle, a circle, a
triangle, a trapezoid, a rhombus, a pentagon, a hexagon, or
an octagon.

In a fourth embodiment, shown in FIG. 4, illumination
system 100 may include further a fiber optic 126, which may
be illuminated substantially by radiation 110 transmitted at
output surface 124 of output light pipe 120, after which fiber
optic 126 releases collected radiation 110 to provide for
illumination at a desired location 128.

In a fifth embodiment, shown in FIG. 5, illumination
system 100 may include further a condenser lens 130
disposed substantially proximate to output surface 124 of
output light pipe 120. An image projection system 132
disposed substantially proximate to an output side 134 of
condenser lens 130 releases radiation 110 collected and
condensed by condenser lens 130 to display an image 136.
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In an sixth embodiment, shown in FIG. 6, illumination
system 100 includes a waveguide 146 disposed substantially
proximate to output surface 124. Waveguide 146 may be,
e.g. a single core optic fiber, a fiber bundle, a fused fiber
bundle, a polygonal rod, or a hollow reflective light pipe.
Waveguide 146 may further be, e.g. a circular waveguide, a
polygonal waveguide, a tapered waveguide, or a combina-
tion thereof. Waveguide 146 may be composed of, e.g. a
material such as quartz, glass, plastic, or acrylic.

In a seventh embodiment, shown in FIG. 7, reflector 104
of illumination system 100 comprises a first reflector 138
having a first optical axis 140 and a second reflector 142
having a second optical axis 144. Second reflector 142 may
be placed substantially symmetrically to first reflector 138
such that first and second optical axes 140, 144 are substan-
tially collinear. In this embodiment first focal point 106 may
be a focal point of first reflector 138 and second focal point
108 may be a focal point of second reflector 142.

In one embodiment, first and second reflectors 138, 142
may each be, e.g. at least a portion of a substantially toric
surface of revolution. In another embodiment, first and
second reflectors 138, 142 may each be, e.g. at least a
portion of a substantially spheroid surface of revolution.

In an alternative embodiment, first reflector 138 shown in
FIG. 7 comprises at least a portion of a substantially
ellipsoid surface of revolution, while second reflector 142
comprises at least a portion of a substantially hyperboloid
surface of revolution. In a further alternative embodiment,
first reflector 138 comprises at least a portion of a substan-
tially hyperboloid surface of revolution, while second reflec-
tor 142 comprises at least a portion of a substantially
ellipsoid surface of revolution. The advantages of these
variations would be shown in certain systems where other
factors might require that the shapes are different, or the
lamp envelope needs to be compensated, or the target may
be larger such that 1:1 imaging is not necessary.

In a eighth embodiment, shown in FIG. 8, first and second
reflectors 138¢, 142¢ may each be, ¢.g. at least a portion of
a substantially ellipsoid surface of revolution. FIG. 8 shows
an embodiment of illumination system 100e using two
semi-circular elliptical mirrors 138¢ and 142¢ with substan-
tially co-linear optical axes 140¢, 144e.

The filament of filament lamp 102 may be placed at the
focus 106e of elliptical reflector 138e. A spherical reflector
114e provides retro-reflection. A spherical filter 148¢ may be
placed such that a center of curvature 158 of filter 148e
coincides with a common focal point 160 of the two ellip-
tical reflectors 138e¢, 142¢. Infrared and ultraviolet radiation
incident onto the filter 148¢ will be reflected back into itself
along the same path back into the filament of filament lamp
102.

In one embodiment, elliptical reflectors 138¢, 142¢ have
substantially the same shape. In other embodiments, ellip-
tical reflectors 138¢, 142¢ might, e.g. have a different
ellipticity such that the projected image may be close to 1:1.

In a further embodiment, input surface 122 of output light
pipe 120 may be placed at second focus 108e of second
elliptical reflector 142¢ for collecting and transforming a
numerical aperture (NA) of electromagnetic radiation 110
into, e.g. a lower NA.

In an ninth embodiment, shown in FIG. 9, first and second
reflectors 138p, 142p may each be, e.g. at least a portion of
a substantially paraboloid surface of revolution. Rays of
radiation 110 collected by parabolic reflector 138p may be
collimated into parabolic reflector 142p. The parabolic
reflector 142p may be placed substantially symmetrically
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opposite parabolic reflector 138p, thus producing an image
of the filament of filament lamp 102 at first focal point 106
of parabolic reflector 138p with a substantially unit magni-
fication for all angles of light and preserving the brightness
of the filament.

In a tenth embodiment, a method of illumination com-
prises the steps of positioning a filament lamp 102 at a first
focal point 106 of a reflector 104, producing rays of radia-
tion 110 by filament lamp 102, reflecting a portion of rays of
radiation 110 by reflector 104 toward a second focal point
108 of reflector 104, converging rays of radiation 110 at
second focal point 108 of second reflector 104, reflecting at
least part of a portion of rays of radiation 110 that do not
impinge directly on reflector 104 toward reflector 104
through first focal point 106 of reflector 104, positioning an
output light pipe 120 having an input surface 122 and output
surface 124 so input surface 122 may be substantially
proximate to second focal point 108, collecting rays of
radiation at input surface 122, passing rays of radiation 110
through output light pipe 120, and outputting rays of radia-
tion 110 from output surface 124 of output light pipe 120.

While the invention has been described in detail above,
the invention is not intended to be limited to the specific
embodiments as described. It is evident that those skilled in
the art may now make numerous uses and modifications of
and departures from the specific embodiments described
herein without departing from the inventive concepts.

What is claimed is:

1. An illumination system using filament lamps compris-
ing:

a filament lamp;

a first reflector structure having a first reflector portion
with a first focal point, and second reflector portion
with a second focal point;

said filament lamp disposed proximate to said first focal
point of said first reflector structure to emit rays of
electromagnetic radiation that reflect from said first
reflector portion to said second reflector portion and
then converge substantially at said second focal point;

wherein a portion of the electromagnetic radiation emitted
by said filament lamp impinges directly on said first
reflector structure and a portion of the electromagnetic
radiation does not impinge directly on said first reflec-
tor structure and wherein said system further comprises
an additional reflector constructed and arranged to
reflect at least part of the portion of the electromagnetic
radiation that does not impinge directly on said first
reflector structure toward said first reflector structure.

2. The illumination system of claim 1, wherein said
additional reflector comprises a spherical retro-reflector dis-
posed on a side of said filament lamp opposite said first
reflector structure to reflect electromagnetic radiation emit-
ted from said filament lamp in a direction away from said
additional reflector toward said first reflector structure.

3. The illumination system of claim 1, wherein said
additional reflector comprises a paraboloid retro-reflector
and a flat reflector;

said paraboloid retro-reflector being disposed on a side of
said filament lamp opposite said reflector to reflect
electromagnetic radiation emitted from said filament
lamp in a direction away from said reflector toward said
flat reflector such that said electromagnetic radiation
may be reflected by said flat reflector toward said
paraboloid retro-reflector.

4. The illumination system of claim 1, wherein said

filament lamp comprises a tungsten filament lamp.

6

5. The illumination system of claim 1, wherein said first
reflector structure has a coating that reflects substantially
only a pre-specified portion of the electromagnetic radiation
spectrum.
5 6. The illumination system of claim 1, wherein said first
reflector structure has a coating that reflects substantially
only a pre-specified portion of the electromagnetic radiation
spectrum selected from the group consisting of: visible light
radiation, ultraviolet radiation, infrared radiation, a pre-
specified band of wavelengths of radiation, and a specific
color of radiation.

7. The illumination system of claim 1, comprising further:

10

an output light pipe having an input surface and an output

surface;

15 said input surface being located proximate to said second

focal point to collect substantially all of said radiation;
and

wherein said output surface transmits substantially all of

said radiation.

8. The illumination system of claim 7, wherein said output
light pipe is comprised of a material selected from the group
consisting of quartz, glass, plastic, or acrylic.

9. The illumination system of claim 7, wherein said output
light pipe is selected from the group consisting of:

a homogenizer,

a tapered light pipe, and

a straight light pipe.

10. The illumination system of claim 7, wherein said
0 output light pipe comprises a cross-section, said cross-

section being selected from the group consisting of:

20

25

()

a rectangle,
a circle,
5 2 trlangle.,
a trapezoid,
a rhombus,
a pentagon,
a hexagon, and
40 an octagon.

11. The illumination system of claim 7, comprising fur-
ther a fiber optic, the fiber optic being substantially illumi-
nated by radiation transmitted at said output surface of said
output light pipe, the fiber optic releasing the collected and
condensed radiation to provide for illumination at a desired
location.

12. The illumination system of claim 7, comprising fur-
ther:

a condenser lens disposed substantially proximate to said

output surface of said output light pipe;

an image projection system disposed substantially proxi-

mate to an output side of said condenser lens;

45

50

an image being illuminated by the radiation transmitted at
said output surface of said output light pipe, the pro-
jection system releasing the collected and condensed
radiation to display the image.

13. The illumination system of claim 1, wherein said first
reflector structure comprises a first reflector having a first
optical axis and a second reflector having a second optical
axis;

said second reflector being placed substantially symmetri-

cally to said first reflector such that said first and second
optical axes are substantially collinear; and

55

60

65  wherein said first focal point is a focal point of said first
reflector and said second focal point is a focal point of

said second reflector.
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14. The illumination system of claim 13, wherein said first
and second reflectors comprise at least a portion of a
substantially ellipsoid surface of revolution.

15. The illumination system of claim 13, wherein said first
and second reflectors comprise at least a portion of a
substantially toric surface of revolution.

16. The illumination system of claim 13, wherein said first
and second reflectors comprise at least a portion of a
substantially spheroid surface of revolution.

17. The illumination system of claim 13, wherein said first
and second reflectors comprise at least a portion of a
substantially paraboloid surface of revolution.

18. The illumination system of claim 13, wherein:

said first reflector comprises at least a portion of a
substantially ellipsoid surface of revolution; and

said second reflector comprises at least a portion of a
substantially hyperboloid surface of revolution.
19. The illumination system of claim 13, wherein:

said first reflector comprises at least a portion of a
substantially hyperboloid surface of revolution; and

said second reflector comprises at least a portion of a

substantially ellipsoid surface of revolution.

20. The illumination system of claim 1, comprising fur-
ther a waveguide disposed substantially proximate to said
output surface, said waveguide selected from the group
consisting of:

a single core optic fiber,
a fiber bundle,

a fused fiber bundle,

a polygonal rod, and

a hollow reflective light pipe.

21. The illumination system of claim 20, wherein said
waveguide is selected from the group consisting of circular
waveguides, polygonal waveguides, tapered waveguides
and combinations thereof.

22. The illumination system of claim 20, wherein said
waveguide is comprised of a material selected from the
group consisting of quartz, glass, plastic, or acrylic.

23. The illumination system of claim 1, comprising fur-
ther a filter placed substantially in a path of said rays of
electromagnetic radiation.

24. The illumination system of claim 23, wherein said
filter has a coating that reflects substantially only a pre-
specified portion of the electromagnetic radiation spectrum.

25. The illumination system of claim 23, wherein said
filter has a coating that reflects substantially only a pre-
specified portion of the electromagnetic radiation spectrum
selected from the group consisting of: visible light radiation,
ultraviolet radiation, infrared radiation, a pre-specified band
of wavelengths of radiation, and a specific color of radiation.

26. The illumination system of claim 23, wherein said
filter has a coating that transmits substantially only a pre-
specified portion of the electromagnetic radiation spectrum.

27. The illumination system of claim 23, wherein said
filter has a coating that transmits substantially only a pre-
specified portion of the electromagnetic radiation spectrum
selected from the group consisting of: visible light radiation,
ultraviolet radiation, infrared radiation, a pre-specified band
of wavelengths of radiation, and a specific color of radiation.

28. A method of illumination comprising the steps of:

positioning a filament lamp at a first focal point of a first
reflector structure;

producing rays of radiation by said filament lamp;
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reflecting a portion of said rays of radiation by said first
reflector structure toward a second focal point, wherein
said first reflector structure has a first reflector portion
with said first focal point, and a second reflector portion
with said second focal point, wherein said rays reflect
from said first reflector portion to said second reflector
portion and then said rays converge substantially at said
second focal point;

reflecting at least part of a portion of the rays of radiation
that do not impinge directly on said first reflector
structure toward said first reflector structure;

positioning an output light pipe having an input surface
and an output surface so said input surface is substan-
tially proximate to said second focal point;

collecting said rays of radiation at said input surface;

passing said rays of radiation through said output light

pipe; and

outputting rays of radiation from said output surface of

said output light pipe.

29. The method of illumination of claim 28, wherein said
first reflector structure comprises first and second reflectors;

wherein said first focal point is a focal point of said first

reflector; and

said second focal point is a focal point of said second

reflector.

30. The method of illumination of claim 29, wherein said
first and second reflectors comprise at least a portion of a
substantially paraboloid surface of revolution.

31. The method of illumination of claim 29, wherein said
first and second reflectors comprise at least a portion of a
substantially ellipsoid surface of revolution.

32. The method of illumination of claim 29, wherein:

said first reflector comprises at least a portion of a

substantially ellipsoid surface of revolution; and

said second reflector comprises at least a portion of a

substantially hyperboloid surface of revolution.

33. The method of illumination of claim 29, wherein:

said first reflector comprises at least a portion of a

substantially hyperboloid surface of revolution; and

said second reflector comprises at least a portion of a

substantially ellipsoid surface of revolution.

34. The illumination system of claim 1, wherein said first
reflector portion and said second reflector portion are at least
a portion of a substantially paraboloid surface.

35. The method of illumination of claim 28, wherein said
first reflector portion and said second reflector portion are at
least a portion of a substantially paraboloid surface.

36. The illumination system of claim 1, wherein said first
reflector portion has a first optical axis and said second
reflector portion has a second optical axis;

wherein said first reflector portion and said second reflec-

tor portion are arranged substantially symmetrically
such that said first and second optical axes are substan-
tially collinear.

37. The method of illumination of claim 28, wherein said
first reflector portion has a first optical axis and said second
reflector portion has a second optical axis;

wherein said first reflector portion and said second reflec-

tor portion are arranged substantially symmetrically
such that said first and second optical axes are substan-
tially collinear.



