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ILLUMINATION SYSTEM WITH NON-RADIALLY
SYMMETRICAL APERTURE

FIELD OF THE INVENTION

The present disclosure relates to illumination systems that may find application, for
example, in projection systems. More specifically, the present disclosure relates to
illumination systems having a non-radially symmetrical angular intensity distribution
before an integrator.

BACKGROUND

Typical projection systems include a source of light, illumination optics, one or
more image-forming devices, projection optics and a projection screen. The illumination
optics collect light from one or more light sources and direct that light in a predetermined
manner to one or more image-forming devices. The image-forming devices, controlled by
an electronically conditioned and processed digital video signal or by other input data,
produce images corresponding to the video signal or to that data. Projection optics then
magnify the image and project it onto the projection screen. White light sources, such as
arc lamps, in conjunction with color-maintaining systems, have been and still are
predominantly used as light sources for projection display systems. However, recently,
light emitting diodes (LEDs) were introduced as an alternative. Some advantages of LED
light sources include longer lifetime, higher efficiency and superior thermal
characteristics.

Examples of image-forming devices frequently used in projection systems include
digital micro-mirror devices, or digital light processing devices (DLPs), liquid crystal on
silicon devices (LCoS) and high temperature polysilicon liquid crystal devices (HTPS-

LCD). Illumination optics of common projection systems often include integrators.
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Integrators typically serve to homogenize light supplied into their input ends via
reflections at the integrators’ walls. Presently known integrators include mirror tunnels,
for example, rectangular tunnels, solid or hollow, and elongated tunnels composed of solid

glass rods that rely on total internal reflection to transfer light.

SUMMARY

The present disclosure is directed to illumination systems including a light source
or a bank of light sources having a non-radially symmetrical aperture. The aperture has a
longer dimension and a shorter dimension, so that the light source or the bank of light
sources produces illumination with a non-radially symmetrical angular intensity
distribution having a larger angular dimension and a smaller angular dimension. The
illumination systems also include an integrator having an entrance end optically connected
to the light source or the bank of light sources, an exit end, and a dimension that
experiences a larger increase from the entrance end to the exit end. The integrator is
disposed so that the dimension of the integrator experiencing the larger increase is
substantially aligned with the larger angular dimension of illumination produced at the
entrance end of the integrator.

The present disclosure is also directed to illumination systems including a plurality
of banks of light sources, each bank of light sources having a non-radially symmetrical
aperture with a longer dimension and a shorter dimension. The banks of light sources
produce illumination with non-radially symmetrical angular intensity distributions having
a larger angular dimension and a smaller angular dimension. Such illumination systems
also include an integrator having an entrance end optically connected to the banks of light

sources and an exit end having a longer dimension and a shorter dimension. The
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integrator and the banks of light sources are disposed so that the longer dimension of the
exit end of the integrator is substantially aligned with each larger angular dimension of
illumination produced at the entrance end of the integrator.

These and other aspects of the illumination systems of the subject invention will
become readily apparent to those of ordinary skill in the art from the following detailed

description together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

So that those of ordinary skill in the art to which the subject invention pertains will
more readily understand how to make and use the subject invention, exemplary
embodiments thereof will be described in detail below with reference to the drawings,
wherein:

Figure 1 is a schematic perspective view of a known illumination system including
a generally trapezoidal integrator;

Figures 2A-2C represent angular light distributions at the entrance end of a
trapezoidal integrator corresponding to round angular intensity distributions at the exit
end, produced by reversed raytracing for three different lengths of the integrator;

Figure 3 is a schematic perspective view of an exemplary illumination system
constructed according to the present disclosure;

Figure 3A is a perspective view of an exemplary configuration of a bank of light
sources, suitable for use in the exemplary illumination systems illustrated in Fig. 3;

Figure 4 is a schematic cross-sectional view of another exemplary illumination

system constructed according to the present disclosure;
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Figure 4A illustrates the placement of an exemplary light source bank having a
non-radially symmetrical aperture with respect to a dichroic mirror in a system similar to
that shown in Fig. 4;
Figure 5 illustrates modeled transmission and reflection performance
5 characteristics of a dichroic combiner suitable for combining different shades of green
LEDs into the same color channel;
Figure 6 shows spectra of two groups of green LEDs of different shades, before
(solid lines) and after (dotted lines) a dichroic combiner;
Figure 7 represents a comparison of the emission spectrum of a group of green
10 LEDs of the same type (solid line) with the spectra of two groups of LEDs of different
color shades having offset peak wavelengths that were combined with a dichroic (dotted
.line); and
Figure 8 shows plots representing fractional increase in the net luminous flux
realized by combining the two groups of LEDs as a function of the peak-to-peak spacing

15 of the LED spectra.
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DETAILED DESCRIPTION

Referring now to the drawings, wherein like reference numbers designate similar
elements, there is shown in Fig. 1 a traditional illumination system 10. The illumination
system 10 includes a light source 12 having a generally circularly symmetrical aperture
13, collection optics 14, an integrator 16, relay optics 18 and an illumination target 17,
such as an image-forming device. In some traditional illumination systems, the integrator
16 has a trapezoidal shape, for example, with a generally square entrance end 16a and a
generally rectangular exit end 16b. Such a trapezoidal integrator 16 reshapes the angular
intensity distribution of the light passing through, transforming a generally circularly
symmetrical angular intensity distribution at the entrance end 16a, illustrated as 13a, into a
non-radially symmetrical, typically elliptical, angular intensity distribution at the exit end
of the integrator 16b, illustrated as 13b. Because common projection optics (not shown),
such as one or more lenses, are round, a non-radially symmetrical angular intensity
distribution of light at the exit end of the integrator may cause clipping by projection
optics, thus resulting in loss of light that could otherwise be directed to an observer, a
projection screen, etc.

Assuming that a generally circularly symmetrical angular intensity distribution at
the exit end of a trapezoidal integrator is desirable, reversed raytracing can be performed
to determine the angular intensity distribution at the entrance end of the integrator that will
lead to such an angular intensity distribution at the exit end. For example, for a hollow
integrator with a generally square entrance end of about 6.1x6.1 mm and a generally
rectangular exit end of about 16.0x13.0 mm, a generally circularly symmetrical angular
intensity distribution with the angular extent of about £12.7 degrees will be produced, if

the angular intensity distribution at the entrance end is generally as shown in Figs. 2A-2C.

-5-
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The figures represent non-radially symmetrical (here, generally elliptical) shapes having a
larger angular dimension and a smaller angular dimension, such that the larger angular
dimension is aligned substantially with the longer dimension of the exit end of the
integrator. Fig. 2A shows the result of reversed raytracing for an integrator about 75 mm
long, where the larger angular dimension was found to be about +35 degrees, and the
smaller angular dimension was found to be about £28 degrees. Figs. 2B and 2C show the
results of reversed raytracing for the integrators that are about 100 and about 200 mm
long, respectively.

Fig. 3 represents a schematic perspective view of an exemplary illumination
system 20 constructed according to the present disclosure, such that light fills the angular
space represented by a shape shown in Figs. 2A-2C at an entrance end of an integrator.
The exemplary illumination system 20 includes a light source or a bank of light sources
22, an integrator 26 and an illumination target 27, such as an image-forming device. In
some embodiments, the illumination system further includes one or both of the optional
collection optics 24 and optional relay optics 28.

The integrator 26 illustrated in Fig. 3 has a generally square entrance end 26a and a
generally rectangular exit end 26b, although the shapes of the entrance and exit ends may
vary. For example, the entrance end 26a can have a generally rectangular shape having at
least one dimension that is smaller than at least one dimension of the exit end 26b, and the
exit end 26b, in some embodiments, can have a generally square shape with the side that is
larger than at least one dimension of the entrance end 26a. The configurations illustrated
in Fig. 3 are particularly useful where one or more of the light sources have square
emitting surfaces and where the illumination target, such as an image-forming device, has

a rectangular shape. Thus, the shape of the integrator’s entrance end can match one or

-6-
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more shapes of the emitting surfaces, while the shape of the exit end can match the shape
of the illumination target.

In most embodiments, the longer dimension of the exit end 26b should be
substantially aligned with the longer dimension of the image-forming device 27. Those of
ordinary skill in the art will readily appreciate that the dimensions could be brought in the
desired state of alignment in the vicinity of the illumination target, such as where folding
mirrors or other direction-altering optics are used. In some exemplary embodiments, the
exit end 26b has substantially the same aspect ratio as the illumination target 27, for
example, about 16:9, which is the case for typical image-forming devices, such as LCoS or
DLP. In the exemplary exﬁbodiments including relay optics 28, the relay optics can be
configured to image the exit end of the integrator 26b onto the illumination target 27.
Typically, the illumination system 20 is configured so that illumination falling onto the
illumination target 27 overfills it, for example, by about 3% to about 10% by area. In
some exemplary embodiments, the optical elements disposed before the integrator 26 may
be configured to image one or more emitting surfaces of the one or more light sources 22
onto the entrance end 26a of the integrator 26.

Referring further to Fig. 3, the light source or bank of light sources 22 is
configured so that it has a non-radially symmetrical aperture 23, preferably generally
elliptically shaped, having a shorter dimension A aligned substantially along the Y axis of
the system 20 and a longer dimension B aligned substantially along the X axis of the
system 20. In this exemplary embodiment, the longer dimensions of the integrator exit
end 26b and of the illumination target 27, such as an image-forming device, are aligned
substantially along the X axis of the system 20, while their shorter dimensions are aligned

substantially along the Y axis of the system 20. However, those of ordinary skill in the art

-7-
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will readily appreciate that the appropriate dimensions of the light source or bank of light
sources 22 and those of the integrator 26 should be aligned appropriately, so as to produce
the desired angular intensity distribution at the entrance end of the integrator. Such would
be the case where folding mirrors or other direction-altering optics are used.

Configurations of the banks of light sources similar to that shown in Fig. 3 produce
beams with non-radially symmetrical angular intensity distributions, illustrated as 23a, in
the space of the entrance end of the integrator 26a. The angular intensity distribution 23a
has a larger angular dimension corresponding to the longer dimension B of the aperture 23
and a smaller angular dimension corresponding to the shorter dimension A of the aperture
23. In the exemplary embodiment shown, the larger angular dimension of the
illumination’s angular intensity distribution is substantially aligned with the longer
dimension of the exit end 26b of the integrator 26. The dimensions could be brought in
alignment at the entrance end 26a of the integrator 26, such as where folding mirrors or
other direction-altering components are used. The integrator 26 processes the beam in
such a way that it emerges from the exit end 26b as a beam of a more radially symmetrical
angular intensity distribution, illustrated as 23b.

In the exemplary embodiments where the integrators have other shapes of entrance
and exit ends, the larger angular dimension of the illumination’s angular intensity
distribution at the entrance end of the integrator should be aligned substantially along the
plane containing the dimension of the integrator that experiences a larger increase from the
entrance end to the exit end. In the embodiment shown in Fig. 3, the direction
experiencing a larger increase is oriented substantially along the X axis, where a side of
the generally square entrance end 26a of the integrator 26 is transformed to a longer side

of the generally rectangular exit end 26b of the integrator 26.

-8-
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An exemplary configuration of a bank of light sources 122, suitable for use in a
system illustrated in Fig. 3, and of its positioning with respect to a trapezoidal integrator
126 are presented in Fig. 3A. The bank of light sources 122 includes a set of light sources
112, such as light sources 172, 172°, 172”, a first set of refractive optical elements 114,
such as meniscus lenses 174, 174°, 174”, and a second set of refractive elements 116, such
as plano-convex or double-convex lenses 176, 176’, 176”. In some exemplary
embodiments, the elements of the first set 114 of refractive optical elements may include
lenses of generally circular outer shape, while the elements of the second set 116 of
refractive optical elements may include at least some lenses having generally square or
hexagonal outer shapes, so that they could be closely packed to minimize interstitial areas.
As shown in Fig. 3A, the set of light sources 112, the first set of refractive elements 114
and the second set of refractive elements 116 are disposed to form an aperture with a
generally elliptical outer shape, which is arranged before a generally square entrance end
126a of the integrator 126, so that the longer dimension of the generally elliptical aperture
is aligned substantially along the longer dimension of the integrator’s generally
rectangular exit end 126b, which in this exemplary embodiment also corresponds to the
dimension of the integrator 126 that experiences a larger increase from the entrance end
126a to the exit end 126b.

In some exemplary embodiments, the banks of light sources 122 are also
configured to form individual aimed-in channels, which include one or more optical
elements associated with each light source, such as one or more lenses directing and
focusing at least a portion of the emission of the light sources onto the entrance end 126a
of the integrator. Exemplary configurations of such banks of light sources are described in

a commonly owned and concurrently filed Magarill et al. U.S. Patent Application entitled

9-
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“Illumination Systems With Separate Optical Paths for Different Color Channels,”
Attorney Docket No. 59637US002, the disclosure of which is hereby incorporated by
reference herein to the extent it is not inconsistent with the present disclosure. In
particular, in the bank of light sources 122, pairs of refractive optical elements, such as
174 and 176, 174’ and 176°, 174” and 176", aré associated with each of the light sources
of the set of light sources 112, such as 172, 172°, 172", respectively. The individual
channels are aimed, for example, by arranging the set of light sources 112 tangentially to
and along a curved surface, such as a spherical surface centered at the entrance end of the
integrator, with the sets of refractive elements 114 and 116 substantially tracking that
configuration.

In such exemplary embodiments, a light source and the associated refractive
element or elements, for example, the light source 172 and the refractive optical elements
174 and 176, form each aimed-in channel. In some embodiments, the sets of refractive
optical elements 114 and 116 are configured to image the emitting surfaces of the light
sources, for example the emitting surfaces of LEDs, onto the entrance end 126a of the
integrator 126. However, a variety of different suitable light sources and a variety of
refractive optical elements of different shapes and sizes may be used in the appropriate
embodiments of the present disclosure. The number of refractive optical elements may
vary as well, such as the number of refractive optical elements associated with each light
source. Alternatively, light sources can be incorporated into assemblies of reflective
optical elements to form the non-radially symmetrical apertures described herein.

Another exemplary embodiment of the illumination systems constructed according
to the present disclosure is illustrated in Fig. 4, which shows schematically a portion of a

one-panel projection system 50 incorporating an exemplary illumination system 300. The

-10-
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illumination system 300 includes channels corresponding to different primary colors,
illustrated in Fig. 4 as a red color channel 305, a green color channel 315 and a blue color
channel 325. Illumination systems utilizing light sources and channels of other colors and
different numbers of channels, as suitable for a particular application, are also within the
scope of the present disclosure.

The red color channel 305 includes a bank of red light sources 302, such as red
LEDs, and a dichroic combiner 332, such as a dichroic mirror. The green color channel
315 includes a bank of green light sources 312, such as green LEDs, and dichroic
combiners 332 and 334, such as dichroic mirrors. The blue color channel 325, in turn,
includes a bank of blue light sources 322, such as blue LEDs, and dichroic combiners 332
and 334. The dichroic combiner 334 is constructed so that it transmits in the green portion
of the visible spectrum, while exhibiting relatively high reflectivity in the blue portion of
the visible spectrum. Thus, the dichroic combiner 334 transmits green light emanating
from the bank of green light sources 312 while reflecting light emanating from the bank of
the blue light sources 322 to form a combined beam of green and blue light incident onto
the dichroic combiner 332.

The dichroic combiner 332, in turn, transmits in the green and blue portions of the
visible spectrum, while exhibiting relatively high reflectivity in the red portion of the
spectrum. Thus, the dichroic combiner 332 transmits the green and blue light incident
upon it from the banks of light sources 312 and 322, while reflecting the red light
emanating from the bank of red light sources 302 to form a combined beam of green, blue
and red light incident onto the entrance end of a common integrator 352. In the exemplary
embodiment shown, the banks of light sources 302, 312 and 322 are preferably configured

as shown in and described in reference to Fig. 3A, and in that case, they should be
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disposed so that the longer dimension of the light source bank is arranged substantially
parallel to the axis of rotation (or tilt) R of the dichroic mirrors, as shown in Fig. 4 by an
arrow pointing into the plane of the drawing. Such orientation and arrangement,
illustrated in more detail in Fig. 4A, would be desirable, because the longer dimension of
the bank of light sources corresponds to the larger angular dimension of the elliptical cone
of light. Reducing variation of the angles of incidence onto the dichroics could help
reduce color shift.

If the light sources and the associated refractive elements are disposed generally
along and tangentially to spherical surfaces, such surfaces are preferably centered at the
entrance end of the integrator 352. In some exemplary embodiments, the optical elements
can be configured to image one or more of the emitting surfaces of the one or more light
sources onto the entrance end of the integrator. However, other suitable configurations of
light source banks may be used with this and other embodiments of the present disclosure.
In the exemplary embodiments utilizing a trapezoidal integrator 352, the longer dimension
of the exit end of the integrator 352 can be aligned substantially along the longer
dimensions of the banks of light sources, but other orientations producing the desired
angular intensity distribution at the entrance end are also within the scope of the present
disclosure.

The illumination system 300 of the projection system 50 can further include a relay
optic, such as relay lenses 55a and 55b, a fold mirror 57 disposed between the lenses,
image-forming device 56 and one of the following elements: a TIR prism assembly 54, a
polarizing beam splitter (PBS) and one or more polarizers. The projection system 50 can
further include projection optics 58. In some embodiments of the present disclosure, the

system may be configured so that the relay optics image the exit end of the integrator 352,

?
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onto the image-forming device 56. The TIR prism assembly 54 serves to redirect the light
exiting relay optics onto the image-forming device 56, for example, via the reflection at
the facet 54a. Light modulated by the image-forming device 56 passes through the TIR
prism assembly 54 and is collected by projection optics 58, such as one or more lenses, for
delivery to a screen (not shown) or to another optical element or device for further
processing.

In applications such as projection television, typical illumination systems should
use light having certain proportions of red, green and blue primary components to provide
a desired color temperature on a screen. Often, one of the components is the limiting
factor on the system performance. In some exemplary illumination systems constructed
according to the present disclosure, additional brightness can be achieved by including
light sources (or groups of light sources) of different shades within the wavelength range
of a particular color channel. Each such light source or group of light sources has a
different peak wavelength and their illumination may be combined with wavelength-
selective elements, such as dichroic mirrors or diffractive optics, for example, diffraction
gratings. Any light sources with relatively narrow spectra can be used, such as LEDs,
lasers, or phosphorescent materials.

Fig. 5 illustrates modeled transmission and reflection performance characteristics
of a dichroic mirror suitable for combining different shades of green LEDs into the same
color channel. Such a dichroic mirror may be suitably placed between the groups of LEDs
to combine their illumination. The dichroic mirror was modeled as a 32-layer thin film
coating with about 45-degree angle of incidence of the principal ray with an about +/-6
degree cone of incident light. The transmission and reflection curves are shown for p-

polarization, which is suitable for LCoS systems and other systems that use polarized
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light. Fig. 6 shows spectra of two groups of green LEDs of different shades, before (solid
lines) and after (dotted lines) a dichroic mirror with the performance illustrated in Fig. 5.
The two LED spectra shown were created by shifting as needed a measured spectrum from
a Luxeon™ LXHL-PMO09 green emitter, available from Lumileds Lighting Company, so
that the combined spectrum would provide a desired color.

Fig. 7 represents a comparison of the emission spectrum of a group including an
arbitrary number N of green LEDs of the same type (solid line) with the spectra of two
groups, each group having N LEDs, of different color shades having offset peak
wavelengths that were combined with a dichroic mirror (dotted line). Thus, by combining
two groups of LEDs, a net gain in overall lumens throughput can be achieved, as
illustrated in Fig. 8. Fig. 8 shows plots representing calculated fractional increase in the
net luminous flux realized by combining the two groups of LEDs with the performance
illustrated in Figs. 6 and 7 as a function of the peak-to-peak spacing of the LED spectra.
Different curves correspond to the modeled performance of a dichroic mirror operating as
an idealized step filter, a dichroic mirror operating as a realistic filter for about 6-degree
half-angle incident cone of light, and a dichroic mirror operating as a realistic filter for
about 12-degree half-angle of the incident cone.

It has been found that the calculated fractional increase in the net luminous flux
increased as the peak spacing was increased from about 0 to about 40 nm. For the
modeled exemplary light sources characterized in Figs. 5-7 (about 20 nm peak-to-peak
spacing and about 6 degree cone half-angle), about 22% more lumens are provided by the
illumination system utilizing LEDs of different shades. In addition, it has been found that
the peak spacing of the LEDs can be increased up to 40 nm before the éolor coordinates of

the green channel fall short of the guidelines prescribed by SMPTE C colorimetry. Thus,
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more light can be coupled into a system, at the expense of a certain amount of color
saturation, by creating a combined spectrum that is wider than that of an individual source.
Because the spectrum of a single typical high brightness LED is usually narrow enough
that the color saturation of the resulting channel is better than required for typical
projection television applications, the extra spectral region may be used to couple light
from additional LEDs of different shades.

Exemplary components suitable for use in some exemplary illumination systems of
the present dislosure include LED light sources, such as green Luxeon™ [II Emitters,
LXHL-PMO09, red Luxeon™ Emitters, LXHL-PDO01, and blue Luxeon™ III Emitter,
LXHL-PR09. The LEDs can be arranged as shown in and described in reference to Fig.
3A. For example, 13 LEDs can be disposed along a spherical surface centered at the
entrance end 126a of the integrator 126. First and second refractive optical elements, such
as lenses 174 and 176, can be disposed in front of each LED as also shown in Fig. 3A, so
that the distance from the vertex of each second lens of the second set of refractive optical
elements 116 to the center of the integrator entrance end 126a is about 50.0 mm. Other
exemplary parameters ,‘of suitable light source banks and suitable integrators are presented

in Table 1:

Table 1. Design parameters of light source banks and integrators

Surface | Radius | Distance to the | Material Clear Conic
(mm) Next Surface Aperture | Constant
(mm) (mm)
LED 2.800 3.17 5.6
Dome
First Lens |1 24.702 4.00 Acrylic, 9.82 11.664
174 n=1.4917 )
2 6.574 0.02 11.40

-15-
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Second 3 -44.133 6.00 Acrylic, squar
Lens 176 n=14917 | 5344
6.1x6.1
4 9.39 50.00 -1.3914
Integrator (6.1 x6.1) x 50.0 x (6.1 x 10.7)mm

The banks of light sources can be arranged along a spherical surface by rotation of

the LEDs with the associated refractive elements around the middle of the integrator

entrance end. Angles of rotation in the XZ and YZ planes are shown in Table 2 in

degrees:

Table 2. Angular coordinates of light source bank elements

Flement | Rotation in X plane | Rotation in Y plane
(degrees) (degrees)

1 -6.5 -26

2 6.5 -26

3 -13 -13

4 0 -13

5 13 -13

6 -13 0

7 0 0

8 13 0

9 -13 13

10 0 13

11 13 13

12 -6.5 26

13 6.5 26
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Illumination systems constructed according to the present disclosure have a variety
of advantages. For example, such illumination systems can incorporate LED light sources,
which have increased lifetime as compared to the traditional high-pressure mercury arc
lamps, lower cost, better environmental characteristics, and do not emit infrared or
ultraviolet light, eliminating the need for UV filters and cold mirrors. In addition, LEDs
are driven by low voltage DC electrical power, which is much less likely to cause
electrical interference with the sensitive display electronics than does the high voltage AC
ballast that drives an arc lamp. Furthermore, due to their relatively narrow bandwidth,
LEDs provide better color saturation without sacrificing brightness.

Although the illumination systems of the present disclosure have been described
with reference to specific exemplary embodiments, those of ordinary skill in the art will
readily appreciate that changes and modifications can be made thereto without departing
from the spirit and scope of the present invention. For example, dimensions,
configurations, types and numbers of optical elements, such as refractive or, where
suitable, reflective elements, used in the embodiments of the present disclosure can véry
depending on the specific application and the nature and dimensions of the illumination
target. Illumination systems utilizing light sources and channels of other colors as well as
different numbers of channels, as suitable for a particular application, are also within the
scope of the present disclosure. The exemplary embodiments of the present disclosure
may be used with a variety of light sources, such as LEDs of other colors, organic light
emitting diodes (OLED), vertical cavity surface emitting lasers (VCSEL) and other types

of laser diodes, phosphorescent light sources and other suitable light emitting devices.
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What is claimed is:
1. An illumination system, comprising:

a light source having a non-radially symmetrical aperture, the aperture having a longer
dimension and a shorter dimension, the light source producing illumination with a non-
radially symmetrical angular intensity distribution having a larger angular dimension and a
smaller angular dimension; and

an integrator having an entrance end optically connected to the light source and an exit
end having a longer dimension and a shorter dimension, the integrator being disposed so
that the longer dimension of the exit end is substantially aligned with the larger angular
dimension of the illumination produced by the light source at the entrance end of the

integrator.

2. The illumination system as recited in claim 1, wherein the exit end of the integrator
is generally rectangular, the entrance end of the integrator is generally square, and the

aperture is generally elliptical.

3. The illumination system as recited in claim 1, further comprising one or more of: a
relay optic, a TIR prism, a PBS, a polarizer and a fold mirror, optically connected to the

exit end of the integrator.

4, The illumination system as recited in claim 1, further comprising an illumination
target optically connected to the exit end of the integrator and relay optics disposed
between the illumination target and the exit end of the integrator, wherein the relay optics

are configured to image the exit end of the integrator onto the illumination target.
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5. The illumination system as recited in claim 1, further comprising an illumination
target having a shape and optically connected to the exit end of the integrator, wherein the
exit end of the integrator has a shape that substantially matches the shape of the

illumination target.

6. An illumination system, comprising:

a bank of light sources having a non-radially symmetrical aperture, the aperture having
a longer dimension and a shorter dimension, the light source producing illumination with a
non-radially symmetrical angular intensity distribution having a larger angular dimension
and a smaller angular dimension; and

an integrator having an entrance end optically connected to the bank of light sources
and an exit end having a longer dimension and a shorter dimension, the integrator being
disposed so that the longer dimension of the exit end is substantially aligned with the
larger angular dimension of the illumination produced by the bank of light sources at the

entrance end of the integrator.

7. The illumination system as recited in claim 6, wherein the bank of light sources

comprises a plurality of light sources and a plurality of refractive optical elements.

8. The illumination system as recited in claim 7, wherein each of the plurality of light

sources has an emitting surface and the refractive elements are configured to image at least

some of the emitting surfaces onto the entrance end of the integrator.
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9. The illumination system as recited in claim 8, wherein the entrance end of the
integrator has a first shape and each of the emitting surfaces of the plurality of light

sources has a second shape that substantially matches the first shape.

10.  The illumination system as recited in claim 7, wherein the plurality of light sources
and the plurality of refractive optical elements are configured so that a different refractive

optical element is associated with each light source.

11.  The illumination system as recited in claim 6, wherein the bank of light sources
comprises a plurality of light sources and a plurality of refractive optical elements, and
wherein the light sources and the refractive elements are configured to form a plurality of

aimed-in channels.

12. The illumination system as recited in claim 6, wherein the exit end of the integrator
is generally rectangular, the entrance end of the integrator is generally square, and the
aperture is generally elliptical.

13. The illumination system as recited in claim 6, further comprising one or more of: a
relay optic, a TIR prism, a PBS, a polarizer and a fold mirror, optically connected to the

exit end of the integrator.

14.  The illumination system as recited in claim 6, further comprising an illumination
target optically connected to the exit end of the integrator and relay optics disposed
between the illumination target and the exit end of the integrator, wherein the relay optics

are configured to image the exit end of the integrator onto the illumination target.

-20-



10

15

20

WO 2005/114995 PCT/US2005/013142

15.  The illumination system as recited in claim 6, further comprising an illumination
target having a shape and optically connected to the exit end of the integrator, wherein the
exit end of the integrator has a shape that substantially matches the shape of the

illumination target.

16.  The illumination system as recited in claim 6, wherein the bank of light sources

includes light sources of different color shades.

17.  The illumination system as recited in claim 6, wherein the bank of light sources
includes a plurality of light sources of a first shade, a plurality of light sources of a second

shade and a dichroic combiner for combining light of the first and second shades.

18.  The illumination system as recited in claim 17, wherein the light sources of the
first shade emit light with a first peak wavelength and the light sources of the second
shade emit light with a second peak wavelength, and wherein the first and second peak

wavelengths are separated by no more than about 40 nm.

19.  Anillumination system, comprising:

a plurality of banks of light sources, each bank of light sources having a non-radially
symmetrical aperture with a longer dimension and a shorter dimension and producing
illumination with a non-radially symmetrical angular intensity distribution having a larger

angular dimension and a smaller angular dimension; and
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an integrator having an entrance end optically connected to the banks of light sources
and an exit end having a longer dimension and a shorter dimension, the integrator and the
banks of light sources being disposed so that the longer dimension of the exit end of the
integrator is substantially aligned with each larger angular dimension of the illumination

produced by each bank of light sources at the entrance end of the integrator.

20.  The illumination system as recited in claim 19, wherein at least one of the banks of
light sources comprises a plurality of light sources and a plurality of refractive optical

elements.

21.  The illumination system as recited in claim 20, wherein each of the plurality of
light sources has an emitting surface and the refractive elements are configured to image at

least some of the emitting surfaces onto the entrance end of the integrator.

22, The illumination system as recited in claim 21, wherein the entrance end of the
integrator has a first shape and each of the emitting surfaces has a second shape that

substantially matches the first shape.

23.  The illumination system as recited in claim 20, wherein the plurality of light
sources and the plurality of refractive optical elements are configured so that a different

refractive optical element is associated with each light source.

24.  The illumination system as recited in claim 19, wherein at least one bank of light

sources comprises a plurality of light sources and a plurality of refractive elements and
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wherein the light sources and the refractive elements are configured to form a plurality of

aimed-in channels.

25.  The illumination system as recited in claim 19, wherein the exit end of the
integrator is generally rectangular, the entrance end of the integrator is generally square,

and the aperture is generally elliptical.

26.  The illumination system as recited in claim 19, further comprising one or more of:
a relay optic, a TIR prism, a PBS, a polarizer and a fold mirror, optically connected to the

exit end of the integrator.

27.  The illumination system as recited in claim 19, further comprising an illumination
target optically connected to the exit end of the integrator and relay optics disposed
between the illumination target and the exit end of the integrator, wherein the relay optics

are configured to image the exit end of the integrator onto the illumination target.

28.  The illumination system as recited in claim 19, further comprising an illumination
target having a shape and optically connected to the exit end of the integrator, wherein the
exit end of the integrator has a shape that substantially matches the shape of the

illumination target.

29.  The illumination system as recited in claim 19, wherein at least one of the banks of

light sources includes light sources of different color shades.
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30.  The illumination system as recited in claim 19, wherein at least one of the banks of
light sources includes a plurality of light sources of a first shade, a plurality of light
sources of a second shade and a dichroic combiner for combining light of the first and

second shades.

31.  The illumination system as recited in claim 30, wherein the light sources of the
first shade emit light with a first peak wavelength and the light sources of the second
shade emit light with a second peak wavelength, and wherein the first and second peak

wavelengths are separated by no more than about 40 nm.

32. The illumination system as recited in claim 19, wherein the banks of light sources
produce illumination of different colors, and the illumination system further comprises a
dichroic combiner configured for combining the illumination of different colors into the

entrance end of the integrator.

33.  The illumination system as recited in claim 32, wherein the dichroic combiner
comprises a dichroic mirror rotated about a rotation axis substantially parallel to the

entrance end of the integrator.

34.  The illumination system as recited in claim 33, wherein the long dimensions of the
apertures, the rotation axis and the long dimension of the exit end of the integrator are

substantially aligned.

35.  Anillumination system, comprising;
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a light source having a non-radially symmetrical aperture, the aperture having a longer
dimension and a shorter dimension, the light source producing illumination with a non-
radially symmetrical angular intensity distribution having a larger angular dimension and a
smaller angular dimension; and

an integrator having an entrance end optically connected to the light source, an exit
end, and a dimension that experiences a larger increase from the entrance end to the exit
end, the integrator being disposed so that the dimension experiencing the larger increase is
substantially aligned with the larger angular dimension of the illumination produced by the

light source at the entrance end of the integrator.

36.  Anillumination system, comprising:

a bank of light sources having a non-radially symmetrical aperture, the aperture having
a longer dimension and a shorter dimension, the light source producing illumination with a
non-radially symmetrical angular intensity distribution having a larger angular dimension
and a smaller angular dimension; and

an integrator having an entrance end optically connected to the bank of light sources,
an exit end and a dimension that experiences a largest increase from the entrance end to
the exit end, the integrator being disposed so that the dimension experiencing the larger
increase is substantially aligned with the larger angular dimension of the illumination

produced by the bank of light sources at the entrance end of the integrator.

25-



WO 2005/114995 PCT/US2005/013142

1/7

—
(00]
A -
>

Fig. 1

PRIOR ART




WO 2005/114995 PCT/US2005/013142

2/7

X
A
172 17¢] 176
176!
174' 12 JE13 Y
172'
12&176“ E9 {E10/E11 126 A Y

126b




WO 2005/114995 PCT/US2005/013142

X
A
475 174
176! 332
174'
172'
176“ Eg
172"~ ([ [[6 |5 Y
174" /
E3 | E
7 1
122
1127 \114\

116

Fig. 4A



WO 2005/114995 PCT/US2005/013142

4/7

0.9 -
0.8 A
0.7 A
0.6 A
0.5 A
0.4 A
0.3 -
0.2 A
0.1 A

Transmission/Reflection

450 500 550 600 650
Wavelength (nm)  ____ Transmission

1:1 g 5 ——Reflection



PCT/US2005/013142

WO 2005/114995

5/7

(pa1os|jey) yibusjonep) buo -

(PemIWSUEL] ) YIBUSIBABM HOUS - 9 ‘317
(a10j0g) yibusanepp buo —
(s1040g) UibusjeABM MOYS —— (W) YiBusjaaepy

059 009 09S

- 90°0

- L0°0

- 80°0

- 60°0

L0

Intensity (arb.)



PCT/US2005/013142

WO 2005/114995

6/7

uoneuiquod Jaye ‘sdnoib om] - .
2104y21p ou ‘dno.b suQ — N .%ﬁnw
(wu) yibusionep

ogy

059 009 0SS

- 100

-c00

- €0°0

- 00

- S0°0

- 90°0

- 200

- 800

- 600

10

Intensity (arb.)



WO 2005/114995 PCT/US2005/013142

77

1.50

1.40 -

Relative throughput

1.10 -

1.00 o T T T
0 10 20 30 40

Peak spacing (nm)
—— |dealized step filter

th. 8 —e— Realistic filter (6 deg. cone angle)
—o— Realistic filter (12 deg. cone angle)



)

INTERNATIONAL SEARCH REPORT
PCT/US2005/013142

A. CLASSIFICATIO

N
IPC 7 HO4N

E0_,F SUBJECT MATTER

74 G02B27/09 G03B21/00

According to international Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 HO4N GO2B GO3B

Documentation séarched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search {name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 1 003 064 A (SEIKO EPSON CORPORATION) 1,3-9,
24 May 2000 (2000-05-24) ' 11,
13-22,
24,26-36
Y figures 7,9 2,12,23
X EP 1 398 659 A (OLYMPUS CORPORATION) 1-36

17 March 2004 (2004-03-17)
figures 10,11,28

Y US 2002/114157 A1 (CHUANG FU-MING ET AL) 1-31
22 August 2002 (2002-08-22)
figure 5

P,X US 2004/207816 Al (OMODA MANABU ET AL) 1-31

21 October 2004 (2004-10-21)
figures 11,14

-/—

Further documents are listed in the continuation of box C. E Patent family members are listed in annex.

° Special categories of cited documents :
P 9 "T* later document published after the international filing date
or priority date and not in conflict with the application but

“A" document defining the general state of the art which is not cited to understand the principle or theory underying the

considered to be of particular relevance

invention
"E" efglyllergotcumem but published on or after the international *X* document of particular relevance; the claimed invention
tling date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another "Y' document of . . . .
Hien - - particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
“O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed '&" document member of the same patent family
Date of the actual completion of the intemational search Date of mailing of the international search report
11 August 2005 19/08/2005
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patenttaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70) 340-3016 PAVON

Form PCT/ISA/210 (second sheet) (January 2004)



INTERNATIONAL SEARCH REPORT

PCT/US2005/013142

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ©

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y
Y

US 6 139 156 A (OKAMORI ET AL)
31 October 2000 (2000-10-31)
figures 5A,5B

2,12,23
1-31

Form PCT/ISA/210 (continuation of second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT

PCT/US2005/013142

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

EP 1003064 A 24-05-2000 JP 3585097 B2 04-11-2004
JP 2000112031 A 21-04-2000
EP 1003064 Al 24-05-2000
us 6547400 B1 15-04-2003
WO 9963396 Al 09-12-1999
JP 2004110062 A 08-04-2004
US 2003147055 Al 07-08-2003

EP 1398659 A 17-03-2004 JP 2004102132 A 02-04-2004
EP 1398659 A2 17-03-2004
US 2004062044 Al 01-04-2004

US 2002114157 Al 22-08-2002  NONE

US 2004207816 Al 21-10-2004 JP 2004335992 A 25-11-2004
CN 1538235 A 20-10-2004

US 6139156 A 31-10-2000 JP 11142780 A 28-05-1999

Form PCT/ISA/210 {patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

