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(7) ABSTRACT

A method for manufacturing an apparatus and the apparatus
being configured to convert a first distribution of an input
radiation to a second distribution of output radiation. The
method consists of the steps of generating a two-
dimensional representation of at least three active optical
surfaces of an optical device including calculating a segment
of a first surface based on edge ray sets as a first generalized
Cartesian oval, calculating a segment of an entry surface
based on the edge ray set as a second generalized Cartesian
oval, calculating a segment of a second surface based on the
edge ray set as a third generalized Cartesian oval, and
successively repeating the steps of calculating the segment
of the first surface and calculating the segment of the second
surface in a direction towards a source, and rotationally
sweeping the two-dimensional representation about a central
axis providing a three-dimensional representation of the
optical device.
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COMPACT FOLDED-OPTICS
ILLUMINATION LENS

BACKGROUND OF THE INVENTION

The present invention relates generally to optical illumi-
nation lenses, and more particularly to folded path optical
illumination lenses.

Previous non-imaging folded optics utilized a light-source
that had to be immersed in the dielectric medium of the lens.
This immersion of the light source meant that the package
containing the source, typically an LED source, is perma-
nently glued to the lens. Additionally, the gluing requires the
use of a transparent adhesive and is relatively labor-
intensive.

Alternatively, previous optics were generated through
injection molding, requiring the LED to be sufficiently
rugged to withstand the rigors of the injection molding
process. In either case the optical source is immersed deep
within the body of the device.

The present invention advantageously addresses the
above and other needs.

SUMMARY OF THE INVENTION

The present invention advantageously addresses the needs
above as well as other needs by providing a method of
designing and/or manufacturing an optical device. The
method comprises the steps of generating a two-dimensional
representation of at least three active optical surfaces of an
optical device, and rotationally sweeping the two-
dimensional representation about a central axis, thereby
providing a three-dimensional representation of the optical
device. Additionally, the step of generating the two-
dimensional representation can comprise the steps of calcu-
lating a segment of a first surface, based on a source’s
edge-ray sets, as a generalized Cartesian oval; calculating a
segment of an entry surface, based on the same edge-ray set,
as another generalized Cartesian oval; calculating a segment
of a second, reflective surface, based on the internally
reflected rays of the same edge-ray set and on their refraction
by the segment of the first surface, as a third generalized
Cartesian oval; and successively repeating the steps of
calculating the segment of the first surface and calculating
the segment of the second, reflective surface in a direction
towards a source.

In some embodiments, the present invention provides a
compact folded path optical illumination lens with a means
for surrounding a source and associated mechanical features
or secondary optics with a gas-filled gap (typically air).

In another embodiment, the invention can be character-
ized as a method for generating an optical beam. The method
comprises the steps of refracting initial light; totally inter-
nally reflecting the light; again reflecting the light; and
refracting the light, thereby producing an output light that is
at least partially collimated. In some embodiments, the
present invention produces the output light with central rays
exiting substantially parallel to the lens axis.

In a further embodiment, the invention can be character-
ized as a folded-optics apparatus, comprising a transparent
body including a first surface, a second surface and a cavity
formed within at least the second surface; the cavity having
a third surface; the second surface comprising a reflective
region extending radially away from the cavity; and the first
surface comprising an annular zone configured to provide
internal reflection folding and an optical refractive transition
between the transparent body and the exterior of the trans-
parent body.
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In an additional embodiment, the invention can be char-
acterized as a method of manufacturing an optical device
that converts a first distribution of an input radiation to a
second distribution of output radiation, comprising the steps
of: providing a two-dimensional model that describes the
first distribution of the input radiation as an input bundle of
edge rays and the second distribution of the output radiation
as an output bundle of edge rays, and representing the input
and output edge ray bundles each in a phase-space repre-
sentation in terms of the position of each ray in the dimen-
sions of length and angle-sine weighted by refractive index;
defining a two-dimensional representation of three active
optical surfaces responsive to the edge-ray boundary con-
ditions of the phase-space representations, including succes-
sively calculating segments of at least a first and second
surfaces; and symmetrically extending said two-dimensional
representation of said optical surfaces to provide a three-
dimensional optical device.

In an added embodiment, the invention can be character-
ized as an optical device that converts a first distribution of
an input radiation to a second distribution of output
radiation, comprising: first, second and third active surfaces,
wherein the first and second surfaces are opposing active
non-spherical optical surfaces, where the first, second and
third active surfaces are defined by a two-dimensional
representation that is symmetrically extended to provide a
three-dimensional device; and the first and third active
surfaces provide transitions for the first and second radiation
between an exterior and interior of a body of the three-
dimensional device defined by the first, second and third
surfaces.

A better understanding of the features and advantages of
the present invention will be obtained by reference to the
following detailed description of the invention and accom-
panying drawings, which set forth illustrative embodiments
in which the principles of the invention are utilized.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of
the present invention will be more apparent from the fol-
lowing more particular description thereof, presented in
conjunction with the following drawings wherein:

FIG. 1 depicts a previous RXI (Refractive and Reflexive
and Internal Reflection) emitter lens;

FIG. 2 depicts a simplified cross-sectional view of a lens
according to one embodiment of the present invention;

FIG. 3 depicts a lens, similar to that shown in FIG. 2,
positioned over an optical source;

FIG. 4 depicts collimation provided by a lens, where the
lens can be similar to those shown in FIGS. 2 and 3;

FIG. 5 depicts an enlarged cross-sectional view of a
source with a ray fan radiating from the source;

FIG. 6 depicts an enlarged cross-sectional view of a
portion of an optical source and a portion of an entry surface
positioned proximate the source;

FIGS. 7-12 depict a series of partial cross-sectional views
of a lens according to one embodiment of the present
invention positioned proximate a source for determining
and/or configuring lens parameters;

FIG. 13 depicts one example of a photometric output of
a lens and light source configuration according to one
embodiment of the present invention;

FIG. 14 depicts a simplified cross-sectional view of a lens
according to one embodiment of the present invention;

FIG. 15 depicts a simplified cross-sectional view of an
RXIR apparatus according to another embodiment of the
present invention;




































