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(112) in the optical element (102, 1012, 1100, 1102) that spreads or distributes light passing through the optical element (102, 1012,
1100, 1102). The method ( 900) may also include providing a texturing (104, 200, 1104) in at least a portion of the optical feature
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OPTICAL ELEMENT INCLUDING TEXTURING TO CONTROL BEAM
WIDTH AND COLOR MIXING

DESCRIPTION
Background
Aspects of the present invention relate to lighting, and more particularly to an
optical element including texturing to control beam width and color mixing of light from

a lighting device.

Light emitting diodes (LEDs) are finding more and more applications in general
lighting as a result of the increase in efficiency of LEDs. Because of the semiconductor
bandgap nature of LEDs as a light source, LEDs can provide a wide range of color by
either a single color LED or by mixing the light from several LEDs of different colors.
One example is the True White technology, which combines a blue shifted yellow (BSY)
and red LED in proper lumen proportion to achieve high efficacy white color light with a
high color rendering index (CRI). For multi-color LED lighting, providing well mixed
color is challenging. Uniform color mixing in directional LED lighting applications can

also present difficulties.

Typically the angular distribution of light emitted from an LED is close to
Lambertian, which has a full width at half maximum (FWHM) beam angle of 120
degrees. Directional LED lighting preferably has a narrower beam angle, such as about
12 degrees, about 25 degrees, or about 40 degrees, or other angles depending on the
application. The collimation of the light is usually realized by a reflector or a total
internal reflector (TIR). With multi-color LEDs, the light leaving the reflector or TIR
optics are usually not well mixed and sometimes the beam profile is not smooth enough.

The beam profile being smooth may be defined as the footprint of a beam of light on a
1
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surface not having a patchy appearance or the brightness of the beam not being patchy or

irregular within the beam footprint or beam profile.

Disclosure of Invention

According to one aspect of the present invention, a method for providing an
optical element may include providing an optical feature in the optical element that
spreads or distributes light passing through the optical element. The method may also
include providing a texturing in at least a portion of the optical feature of the optical

element.

According to another aspect of the present invention, a method for providing a
lighting device may include providing a light source and providing an optical element
that receives and transmits light from the light source. The method may also include
providing an optical feature in the optical element that spreads or distributes the light
passing through the optical element. The method may additionally include providing a

texturing in at least a portion of the optical feature.

According to another aspect of the present invention, an optical element may
include an optical feature in the optical element that spreads or distributes light passing
through the optical element. The optical element may also include a texturing in at least

a portion of the optical feature.

According to another aspect of the present invention, an optical system for a
lighting device may include a first optical element and an optical feature provided in the

first optical element that spreads or distributes light passing through the first optical
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clement. The optical system may also include a second optical element and a texturing

in at least a portion of the second optical element.

According to another aspect of the present invention, lighting device may include
a light source and an optical element that receives and transmits light from the light
source. The lighting device may also include an optical feature in the optical element
that spreads or distributes the light passing through the optical element and a texturing in

at least a portion of the optical feature.

Brief Description of the Drawings

Figure 1 is an exploded perspective view of an example of a lighting device
including a lens having a chosen texturing to control beam width and color mixing of
light from the lighting device in accordance with an embodiment of the present

invention.

Figure 2A is a detailed illustration of an example of a surface texturing feature, a
multiplicity of which may be provided in a surface of a lens to control beam width and
color mixing of light from a lighting device in accordance with an embodiment of the

present invention.

Figure 2B is a table including specifications for surface texturing or finishing that
may be applied to the surface texturing feature of Figure 2A in accordance with an

embodiment of the present invention.

Figure 3 is a flow chart of an example of a method for providing a tool for

fabricating a lens including a surface texturing to control beam width and color mixing
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of light from a lighting device in accordance with an embodiment of the present

invention.

Figures 4A-4C illustrate a sequence of exemplary stages in providing a tool for
fabricating a lens including a surface texturing to control beam width and color mixing
of light from a lighting device in accordance with an embodiment of the present

invention.

Figure 5 is a chromaticity diagram illustrating a simulation of color spatial
uniformity from a lens having a multiplicity of micro-optic lenses provided therein

without any texturing of the lens or micro-optic lenses.

Figure 6 is an illustration of the color spatial uniformity corresponding to the

chromaticity diagram in Figure 5.

Figure 7 is a chromaticity diagram illustrating a simulation of color spatial
uniformity from a lens having a multiplicity of micro-optic lenses provided therein with
industry standard surface texturing or finishing MT11020 of the lens or micro-optic

lenses in accordance with an embodiment of the present invention.

Figure § is an illustration of the color spatial uniformity corresponding to the

chromaticity diagram in Figure 7.

Figure 9 is a flow chart of an example of a method for providing a lighting device

in accordance with an embodiment of the present invention.

Figure 10A is a perspective view of an example of a lighting system in

accordance with an embodiment of the present invention.
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Figure 10B is an exploded view of the major components of the lighting system

of Figure 10A.

Figure 10C is a perspective view of the TIR optical element of the lighting

system of Figure 10A.

Figure 10D is a perspective section view of the TIR optical element of Figure

10C.

Figure 10E is a side section view corresponding to the perspective section view
of the TIR optical element of Figure 10D showing the light paths through the TIR optical

element.

Figure 11 is a cross-sectional view of an example of an optical system including a
main lens and another secondary lens or film having a chosen surface texturing provided
therein disposed on at least one side of the main lens in accordance with an embodiment

of the present invention.

Best Mode(s) for Carrying Out the Invention

Embodiments of the present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in which embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art. Like

reference numerals refer to like elements throughout.
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It will be understood that, although the terms first, second, etc. may be used
herein to describe various elements, these elements should not be limited by these terms.
These terms are only used to distinguish one element from another. For example, a first
element could be termed a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of the present invention. As
used herein, the term “and/or” includes any and all combinations of one or more of the

associated listed items.

It will be understood that when an element such as a layer, region or substrate is
referred to as being “on” or extending “onto” another element, it can be directly on or
extend directly onto the other element or intervening elements may also be present. In
contrast, when an element is referred to as being “directly on” or extending “directly
onto” another element, there are no intervening elements present. It will also be
understood that when an element is referred to as being “connected” or “coupled” to
another element, it can be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an element is referred to as
being “directly connected” or “directly coupled” to another element, there are no

intervening elements present.

Relative terms such as “below” or “above” or “upper” or “lower” or “horizontal”
or “vertical” may be used herein to describe a relationship of one element, layer or region
to another element, layer or region as illustrated in the figures. It will be understood that
these terms are intended to encompass different orientations of the device in addition to

the orientation depicted in the figures.
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The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,

Ce 9% «¢
a

the singular forms “a”, “an” and “the” are intended to include the plural forms as well,

unless the context clearly indicates otherwise. It will be further understood that the terms

2% &< 99 ¢c;

“comprises” “comprising,” “includes” and/or “including” when used herein, specify the
presence of stated features, integers, steps, operations, elements, and/or components, but

do not preclude the presence or addition of one or more other features, integers, steps,

operations, elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. It will be further understood that terms used herein
should be interpreted as having a meaning that is consistent with their meaning in the
context of this specification and the relevant art and will not be interpreted in an

idealized or overly formal sense unless expressly so defined herein.

Figure 1 is an exploded perspective view of an example of a lighting device 100
having a lens 102 or optical element including a chosen texturing 104 or surface
texturing to control beam width, color mixing or other characteristics of light from the
lighting device 100 in accordance with an embodiment of the present invention.
Examples of lighting devices in which the lens 102 including chosen texturing 104 may
be used are disclosed and claimed in U.S. Patent Application Serial No. 13/167,351, filed
June 23, 2011, and entitled “Retroreflective, Multi-Element Design for a Solid State
Directional Lamp;” U.S. Patent Application Serial No. 13/167,387, filed June 23, 2011,
and entitled “Hybrid Solid State Emitter Printed Circuit Court Board for Use in a Solid

State Directional Lamp;” and U.S. Patent Application No. 13/167, 394, filed June 23,
7
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2011, and entitled “Solid State Directional Lamp Including Retroreflective, Multi--
Element Directional Lamp Optic.” Each of these patent applications is assigned to the
same assignee as the present application and each is incorporated herein in its entirety by

reference.

The lighting device 100 may include a reflector 106 or TIR and a lighting
element assembly 108 may be mounted in the lighting fixture in Association with the
reflector 106 to reflect light from the lighting element assembly 108. The lighting
element assembly 108 may include a light source or a plurality of solid state light
emitters 110 mounted to the lighting element assembly 108. The solid state light
emitters may be LEDs. The lens 102 or optical element may be disposed or attached

over the reflector 106 and enclosing the lighting element assembly 108.

As described in more detail herein, the lens 102 may include an optical feature
112 provided or formed in the lens 102 or optical element that spreads or distributes light
passing through the lens 102. In accordance with an embodiment of the invention, the
optical feature 112 may be a micro-optics array including a multiplicity of micro lenses.
The texturing 104 may be provided or formed in at least a portion of the optical feature
of the lens 102 or optical element. The texturing 104 may be provided in at least one
surface of the lens 102. The texturing 104, or the texturing in association with the
optical feature 112 or micro-optics array, may be adapted or chosen to provide at least
one of a predetermined beam width or beam angle, a predetermined color mixing or
color uniformity, and a predetermined beam shape smoothing of light passing through
the lens 102 or optical element. As described in more detail herein, the texturing 104
and the optical feature 112 may be selected or chosen in coordination with one another to

control at least these predetermined characteristics of the light or light beam passing
8
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through the lens and to provide the desired light characteristics depending upon the
lighting application. As described below, the texturing 104 and the optical feature 112
may be selected or chosen in coordination with one another to satisfy Energy Star color

spatial uniformity specifications or requirements.

In accordance with the embodiment illustrated in Figure 1, the reflector 106
collimates the light emitted from the solid state light emitters 110 or LEDs into a light
beam having a preset beam angle smaller than a beam angle desired from the lighting
device 100. The micro-optics array 112 is provided or formed on one surface of the lens
102 to spread the light into a beam angle relatively smaller than a desired or
predetermined beam angle from the lighting device 100. The texturing 104, which may
be applied to the micro-optics lens surface by controlled roughing, provides diffusivity of
the light beam as it passes through the micro-optics lens 102 and broadens the light beam
by additional degrees. The combination of the micro-optics and the diffusive surface of

the lens 102 spread the incident beam to the desired or predetermined beam angle.

The lens 102 may be molded from a transparent plastic material or similar
material. In the molding process, the shape and roughness of the lens 102 may be
defined by the tool used to mold the lens 102. Accordingly, a predetermined micro-lens
shape may be cut into the tool. The tool may then be etched with the chosen surface
texturing. An example of a method for providing or forming a tool for fabricating a lens
including a chosen surface texturing in accordance with an embodiment of the present
invention will be described with reference to Figure 3. Also, Figures 4A-4C illustrate an
example of a sequence of stages in providing an exemplary tool or mold for fabricating a
lens including surface texturing. The chosen surface texturing may be an industry

standard surface finishing texture, such as a Mold-Tech (MT) series surface finishing
9
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texturing (MT11010, MT11020, etc.) or other surface finishing texture. Mold-Tech is a
trademark of Standex International Corporation in the United States, other countries or
both. An example of an industry standard surface finishing texture 200 is illustrated in

Figure 2A.

Figure 2A is a detailed illustration of an example of a surface texturing feature, a
multiplicity of which may be provided or formed in a surface of a lens or optical element
to control beam width, color mixing and beam shape smoothing of light from a lighting
device in accordance with an embodiment of the present invention. Figure 2B is a table
202 including depth and draft specifications for different industry standard surface

texturing or finishing that may be used for the surface texturing feature in Figure 2A.

Figure 3 is a flow chart of an example of a method 300 for providing a tool for
fabricating a lens or optical element including a chosen texturing to control beam width
and color mixing of light from a lighting device in accordance with an embodiment of
the present invention. In block 302, a tool may be provided including an operating face
structure for fabricating a lens with a surface having a selected optical feature,
characteristic or characteristics. As previously discussed, the selected optical feature
may be a micro-optics array formed in a selected surface of the lens to provide a
predetermined spread or distribution of a light beam passing through the lens. The lens
may be formed from a moldable material, such as a plastic or other moldable material.
Accordingly a mold may be formed including an operating face to mold the lens
including the predetermined micro-optics array on at least one selected surface of the
lens to spread the light into a preset beam angle smaller than a desired or predetermined

beam angle from a finished lens.

10
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In block 304, the operating face structure of the tool used to provide the lens may
be etched or otherwise configured to create a selected pattern in the operating face
structure of the tool to provide or apply controlled surface roughing or a chosen surface
texturing or finish in at least one surface of the lens. The operating face structure of the
tool may be etched or configured to apply a selected industry standard surface finishing
texture to the lens or to the selected optical feature or micro-optics array. The chosen
surface texturing may be applied to the lens in a uniform pattern or in some other pattern,
such as a random pattern depending upon the desired diffusivity or other characteristics
of the light passing through the lens. The controlled surface roughing or chosen surface
texturing may be applied to the micro-optics array to cause the desired or predetermined
beam angle or width, predetermined color mixing or uniformity, a predetermined beam
smoothing or other desired characteristics of the light passing through the lens. The
texturing may be provided in at least a portion of the optical feature or micro-optics
array. In another embodiment, the texturing may be provided in selected ones of the

multiplicity of micro lenses of the micro-optics array.

In block 306, the predetermined optical characteristics and chosen surface
texturing may be combined or coordinated to spread the light beam passing through the
lens to the desired or predetermined beam angle and to provide the desired or
predetermined color mixing or uniformity of the light beam. Accordingly, the optical
characteristics or selected optical feature and chosen surface texturing or roughing may
be controlled or selected in coordination with one another to provide the predetermined

beam width, color mixing or color uniformity and beam shape smoothing.

In block 308, the tool or mold may be used to repeatedly provide lenses including

the selected optical feature or structure and chosen surface roughing or texturing to
11
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provide or cause the predetermined beam width, color mixing and beam shape smoothing

characteristics.

While the operations or steps in Figure 3 are illustrated and described in a certain
sequence, the present invention is not intended to be limited by the sequence or order
illustrated. The steps and operations may be performed in any order unless otherwise

specified. Some operations or steps may also be performed simultaneously or combined.

Figures 4A-4C illustrate an example of a sequence of stages in providing or
forming an exemplary tool 400 for fabricating a lens including a chosen surface texturing
to control beam width and color mixing of light from a lighting device in accordance
with an embodiment of the present invention. Only a portion of the exemplary tool 400
for fabricating the lens is illustrated in Figures 4A-4C for purposes of clarity and to show
more detail of the process for providing the tool 400 and the tool itself. In accordance
with an embodiment of the invention, the tool 400 may be a mold for molding a plastic
or other moldable material. The sequence of exemplary stages are similar to the

operations in the method 300 described with reference to Figure 3.

In Figure 4A, a piece of material 402 may be provided for forming the tool 400.
The material may be any sort of material suitable for forming a mold for molding a

plastic or other moldable material.

In Figure 4B, the piece of material 402 may be cut or formed to include an
operating face structure 404 for fabricating the lens with a surface having a selected
optical feature or characteristics. As previously described, the selected optical feature
may be a micro-optics array or other optical feature to provide a predetermined spread or

distribution of a light beam passing through the lens.
12
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In Figure 4C, the operating face structure 404 of the tool 400 may be etched or
otherwise formed to create a selected pattern 406 in the operating face structure 404 of
the tool 400 to cause controlled surface roughing or to create a chosen surface texturing
or finish in at least one surface of the lenses to be formed by the tool 400 or mold. As
previously discussed, the controlled surface roughing or chosen surface texturing may be
a selected industry standard surface finishing texture similar to that illustrated in Figure
2A and the specification for different industry standard texturing numbers shown in the
table 202 in Figure 2B. Other types of surface roughing or surface texturing may also be

used depending upon the particular application or lighting characteristics desired.

The surface roughing or texturing may be chosen or selected in combination with
other lens parameters or optical features to meet or satisfy Energy Star color spatial
specifications or requirements for directional lamps, such as for example lamp types BR,
ER, K, MR, PAR, R or other type directional lamps. The current Energy Star color
spatial uniformity requirement provides that the variation of chromaticity within the
beam angle shall be within 0.006 from a weighted average point on a International
Commission on [llumination (French Commission Internationale d’éclairage (CIE)) CIE
1976 (v’,v’) diagram. The angular chromaticity measurements shall be made at the
center and edge of the beam. The measurements shall be made in at least two vertical
planes 90 degrees apart. Results shall be averaged from the different vertical planes. It
should be noted that the Environmental Protection Agency (EPA) apparently has a
specification in draft form that proposes to reduce the variation of chromaticity from

0.006 to 0.004.

Figure 5 is a chromaticity diagram 500 illustrating a simulation of color spatial

uniformity of a beam of light from a lens having a multiplicity of micro-optic lenses
13
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provided or formed therein without any surface texturing of the lens or micro-optic
lenses. The color chromaticity diagram 500 is for a 25 degree beam of light shining on a
flat or planar surface. As illustrated in the diagram 500, the variation in chromaticity
exceeds more than about 0.004 in many places within the beam. Figure 6 is an
illustration of the color spatial uniformity graph for the beam of light corresponding to

the chromaticity diagram 500 in Figure 5.

In contrast to Figures 5 and 6, Figure 7 is a chromaticity diagram 700 illustrating
a simulation of color spatial uniformity of a beam of light from a lens including a
multiplicity of micro-optic lenses provided therein and with standard surface texturing or
finishing MT11020 of the lens or micro-optic lenses in accordance with an embodiment
of the present invention. The color chromaticity diagram 700 also represents a 25 degree
beam of light shining on a flat or planar surface. As illustrated in the chromaticity
diagram 700, the variation in chromaticity is less than about 0.004 in many places within
the beam. Figure 8 is an illustration of the color spatial uniformity graph 800

corresponding to the chromaticity diagram 700 in Figure 7.

Figure 9 is a flow chart of an example of a method 900 for providing a lighting
device in accordance with an embodiment of the present invention. The method 900
may be used to fabricate a lighting device similar to the exemplary lighting device 100
described with reference to Figure 1. In block 902, a lens or optical element may be
provided including a selected optical feature. The lens may be provided or molded using
a tool or mold provided by the method 300 of Figure 3 or may be a tool or mold similar
to that described with reference to Figures 4A-4C. Similar to that previously described
the selected optical feature may be a micro-optics array that provides a selected spread or

distribution of light passing through the lens. The micro-optics array may spread the
14
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light passing through the lens into a preset beam angle smaller than a desired or

predetermined beam angle of the finished lens.

In block 904, a texturing may be provided or formed in at least a portion of the
optical feature of the optical element or lens or at least a portion of the lens. The
texturing may be formed in at least one surface of the optical element or lens. The
texturing may be provided in a portion of the micro-optics array or in selected micro
lenses of the micro-optics array. In another embodiment, the chosen surface texturing
may be provided on another or opposite surface of the lens from the selected optical
feature of micro-optics array. Similar to that previously described, the texturing may be

an industry standard surface finishing texture or other surface texture.

In accordance with another embodiment of the present invention, the texturing
may be provided in a film and the film may be attached to at least one surface of the lens
or optical element. In a further embodiment, the texturing may be provided in another
lens or optical element, such as for example, a plain lens without any other optical
features or a lens with other optical features provided in at least one side to provide a
certain desired lighting effect. This secondary lens or optical element with the texturing
may then be placed in coordination or alignment with the main lens including the
selected optical feature. An example of an optical element 1100 and another optical
element 1102, having a texturing 1104, being place in association with one another is
illustrated in Figure 11. Referring also to Figure 11, the other optical element 1102 may
be another lens or film. The other optical element 1102 or film includes a chosen surface
texturing 1104 provided therein. The other optical element 1102 or film may be placed
on at least one side of the first optical element 1100 in accordance with an embodiment

of the present invention. Accordingly, the optical element 1102 may be disposed on one
15
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side or the other side of the optical element 1100. In another embodiment, optical
elements 1102 may be disposed on both sides of the optical element 1100 to provide the
desired optical lighting characteristics and ease of manufacturing. The optical element
1100 may include a selected optical feature, such as a micro-optics array similar to that

previously described.

The selected optical feature and the chosen surface texturing may be selected or
chosen in coordination with one another to provide at least one of a predetermined beam
width or angle, a predetermined color mixing or color uniformity, a predetermined beam
shape smoothing or other beam characteristics when light passes through the lens.
Accordingly, these characteristics of the light or light beam passing through the lens may
be controlled by the selection of the selected optical feature and the chosen surface

texturing. The chosen surface texturing may be provided in the micro-optics array.

Referring back to Figure 9, in block 906, other lighting device components may
be assembled. For example, a lighting element assembly, such as assembly 108 in
Figure 1, may be assembled in association with a reflector, such as reflector 106 in

Figure 1.

In block 908, the lens may be disposed or attached over the reflector and

enclosing the lighting element assembly to complete the lighting device.

Figure 10A is a perspective view of an example of a lighting system 1000 in
accordance with another embodiment of the present invention. The lighting system 1000
is disclosed and claimed in U.S. Patent Application Serial No. 13/307,444, filed
November 30, 2011, and entitled “Optical Arrangement for a Solid-State Lighting

System” which is assigned to the same assignee as the present application and is

16



10

15

20

WO 2013/154837 PCT/US2013/034208

incorporated herein in its entirety by reference. In accordance with an embodiment of
the present invention and as disclosed in more detail herein, the lighting system 1000
may be modified to include lenses having surface texturing similar to that previously
described to control beam width and color mixing. The surface texturing may be
selected to provide color mixing to meet Energy Star color spatial uniformity

specifications or requirements previously described.

Referring also to Figure 10B, Figure 10B is an exploded view of the major
components of the lighting system 1000 of Figure 10A. The lighting system 1000 may
be an LED-based, solid-state replacement for a standard, MR16 halogen lamp. The
lighting system 1000 or solid state lamp may include a TIR optical element 1012, which
has three lobes 1012a, 1012b and 1012c. Each lobe corresponds to an LED light source
1024. Each light source in this example embodiment may include four LED chips.
Lamp 1000 also includes a heat sink 1014 that may be made of aluminum or other
thermally conductive material and may comprise a plurality of fins 1014a for dissipating

heat to the ambient environment.

A power supply 1018 is provided that includes electrical components to provide
the proper voltage and current to the LED light sources 1024 within lamp 1000. The
power supply 1018 may be contained in a housing that is connected to the heat sink
1014. Connection pins 1020 provide a standard connection to power rails, which may be
AC or DC supply rails. The lamp may also be used as a solid-state replacement for a
standard, PAR type incandescent bulb. In such an application the lamp 1000 would
include an Edison type base in place of pins 1020. Other connectors may be used to

provide power to the lamp 1000 in other applications
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A diffuse, white, highly reflective secondary reflector 1022 may be provided
within the heat sink structure 1014 of lamp 1000, so that the secondary reflector 1022 is
substantially adjacent to but spaced a small air gap apart from the sidewalls of TIR
optical element 1012. Secondary reflector 1022 is molded or thermoformed into the
desired shape to fit together with the heat sink portion of the lamp and TIR optical
element 1012. The secondary reflector 1022 may be made of many different materials,
including materials that are made reflective by application of a powder coating, reflective
paint, or the like. The air gap between the TIR optical element 1012 and the highly
reflective secondary reflector 1022 serves to insure that the internal reflectivity of the
optical element 1012 is not interfered with by the secondary reflector 1022. However,
light that escapes by transmission from the TIR optical element 1012 is efficiently
reflected back into the TIR optical element 1012 for another opportunity to eventually be

transmitted or reflected from the exit surface 1038 of the optical element 1012.

A mounting surface 1021 is provided inside the lamp 1000 for mounting the LED
light sources 1024. In the illustrated embodiment three LED light sources 1024 are
arranged in an array so that each light source corresponds to a lobe 1012a, 1012b, and
1012c of the optical element 1012. A recess or slot 1026 is provided in the mounting
surface 1021 and a corresponding recess or slot 1027 is provided in the base 1029 of heat
sink 1014. The slots 1026 and 1027 are aligned when the mounting surface 1021 is
mounted to the base of the heat sink 1014. The recesses or slots 1026 and 1027 receive a
mating projection 1035 provided on the optical element 1012 to seat the TIR optical
element 1012, for aligning the LED light sources 1024 and the TIR optical element 1012.
Alternatively, a plurality of projections 1029 may be provided, for example around the

periphery of the optical element 1012, that engage a plurality of mating recesses or slots
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provided on the mounting surface 1021 and/or heat sink 1014 as shown in Figure 10C.
Secondary reflector 1022 includes a hole or holes 1023 through which light passes from
LED light sources 1024 into the TIR optical element 1012, and through which the
projection passes so that the projections 1029 and/or 1035 can seat properly with the
recesses of the mounting surface 1021 and/or the heat sink 1014. A retention ring, not
shown, may be used to clamp the various portions of the lamp together and hold the

optical element 1012 in the housing or heat sink 1014.

Various arrangements and types of LED light sources1024 emitting various
colors of light can be used with embodiments of the invention. The embodiment of the
LED light source 1024 shown in Figure 10B may include four LED chips or dies
(hereinafter “chips”) packaged on a submount or mounting surface 1021 with a lens (not
shown). At least one of the LED chips may be a red-emitting LED, and at least one of
other LED chip may be a blue-shifted yellow LED device. The blue-shifted yellow LED
device may be packaged with a local phosphor to provide blue-shifted yellow LED
devices. Such a blue-shifted yellow plus red (BSY+R) system is used to create
substantially white light. In some embodiments, the red LEDs, when illuminated, emit
light having dominant wavelength from 605 to 630nm. In some embodiments, the LED
chips for the BSY devices emit blue light having a dominant wavelength from 440 to 480
nm. The phosphor packaged with the blue LEDs when excited by the impinging blue
light, may emit light having a dominant wavelength from 560 to 580 nm. This is but one
example of light sources that can be used with embodiments of the present invention.
Various numbers and types of LEDs can be combined. Further examples and details of
mixing colors of light using solid state emitters can be found in U.S. Patent 7,213,940,

which is incorporated herein by reference.
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In the illustrated embodiment, the TIR optical element 1012 is shown with three
lobes 1012a, 1012b, 1012¢ where each lobe corresponds to an LED light source 1024.
Each light source 1024 may include a plurality of LED chips. Referring also to Figures
10C and 10D, the TIR optical element 1012 has an exit surface 1038 that comprises a
first portion 1043 that comprises a flat substrate with a microlens or micro-optics array
for diffusing light and a second portion that comprises discrete lenses 1040a, 1040b and
1040c arranged in a one to one relationship with the LED light sources 1024. The lenses
1040a, 1040b and 1040c each have an exit surface 1045 through which the light exits the
lenses. In the illustrated embodiment each lobe 1012a, 1012b and 1012¢ comprises a
lens 1040a, 1040b and 1040c arranged such that one lens corresponds to and is arranged
in line with one of the LED light sources 1024. The TIR optical element 1012 and the
heat sink 1014 do not have to be provided with a lobed configuration provided that the
lenses 1040a, 1040b and 1040c are provided on the TIR optical element 1012 in a one-
to-one corresponding relationship to the LED light sources 1024. The lenses 1040a,
1040b and 1040c also include recessed, curved entrance surfaces 1042 that receive light
from one of the LED light sources 1024 and that transmit light to the corresponding exit
surfaces 1045 of lenses 1040a, 1040b and 1040c. While a single TIR optical element

1012 is shown, multiple TIR elements may be used.

Referring also to Figure 10E, Figure 10E is a side section view corresponding to
the perspective section view of the TIR optical element of Figure 10D showing the light
paths through the TIR optical element 1012. Light from the LED light source 1024 is
directed as shown in Figure 10E where one lens 1040a, having an entry surface 1042, an
exit surface 1045 and surrounding portion of the TIR optical element 1012, is shown.

Each of the lenses 1040a, 1040b and 1040c operates in substantially an identical manner
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such that specific reference will be made to lens 1040a. A portion of the light A from
light source 1024 is emitted directly into the entrance surface 1042, exits from exit
surface 1045 and is focused by the lens 1040a to create a beam of collimated light. A
further portion of the light B is directed onto the TIR surface of the TIR optical element
1012 where it is reflected toward exit surface 1038. The light may exit from the
microlens 1043. The microlens 1043 mixes the light and disperses the light to overlap
with the light exiting from lenses 1040a — 1040c. Light that escapes from the TIR
optical element 1012 may be reflected back into the TIR optical element by secondary
reflector 1022 where it also may exit through the microlens 1043 and lens 1040a.
Typically, the angular distribution of light emitted from an LED light source 1024 is
close to Lambertian, which has Full Width at Half Maximum (FWHM) beam angle of
120 degrees. The TIR optical element 1012 as described herein may be used in
directional lighting to collimate the light at a narrow beam angle such as between 12 and

60 degrees.

The lenses 1040a, 1040b and 1040¢ may be formed as faceted domed lenses to
disperse the light in a manner that mixes the light and eliminates dark spots in the
projected light. Round dome lenses are known for collimating light in directional
lighting applications. One problem with round dome lenses is that the light projected
from a plurality of LED chips may show up as distinct light arcas separated by darker
arcas. For example, in a system that uses four LED chips light may be projected as four
relatively distinct squares of light separated by darker, unlit lines. The faceted lenses
1040a, 1040b, 1040c better mix light exiting the lamp and eliminate the dark spots or
lines to create a more uniform, better shaped beam. Additionally, the faceted lenses

1040a, 1040b and 1040c may be provided or formed with a chosen surface texturing
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similar to that described herein, such an standard surface finishing texture, for example
an MT series surface finishing texturing (MT11010, MT11020, etc.) or other surface
finishing texture to control beam width, color mixing, beam shape smoothing or other

optical parameters.

Each faceted lens 1040a, 1040b, 1040c includes a plurality of facets 1050 on the
entrance surface 1042 and/or exit surface 1045 that are disposed relative to the LED light
sources 1024 such that light from each light source 1024 is mixed with light from other
ones of the light sources 1024. The facets 1050 are disposed such that they are
asymmetrically arranged with respect to the associated LED light source 1024 such that
the light from each of the light sources is dispersed in an asymmetrical manner. The
facets 1050 are arranged such that the lenses collimate the light beam. Each facet 1050
may be a planar surface or the facets may be slightly convex or concave in shape. In the
embodiment of Figures 10A-10E, the facets 1050 are provided on the exit surfaces 1045.
However, in another embodiment such as that described in U.S. Patent Application Serial
No. 13/307,444, the facets 1050 may be provided on the entrance surfaces 1042. The
facets may be provided on either the entrance surfaces 1042 of the lenses 1040a, 1040b,
1040c or the exit surfaces 1045 of the lenses 1040a, 1040b, and 1040c. Moreover, both
the exit surfaces and the entrance surfaces of each of the lenses 1040a, 1040b, and 1040¢

as described in U.S. Patent Application 13/307,444.

In accordance with embodiments of the present invention, any combination of the
entrance surface 1042, the exit surface 1045 and the facets 1050 of the lenses 1040a,
1040b and 1040c may include surface texturing as described herein to control beam
width, color mixing, beam shape smoothing and/or to satisfy Energy Star chromaticity

specifications. For example, either only the entrance surface 1042 or the exit surface
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1045 may include surface texturing. In another embodiment both surfaces may have
surface texturing. In another embodiment either the entrance surface 1042 or the exit
surface 1045 or both, and each of the facets 1050 of the lenses 1040a, 1040b and 1040c¢
may have surface texturing. Either the entrance surface, exit surface or both surfaces of
cach facet 1050 may have surface texturing. In a further embodiment, only the facets of

the lenses 1040a, 1040b and 1040c may include surface texturing.

While the surface texturing feature of the present invention has been described
with respect to application to the exemplary lighting device 100 in Figure 1 and lighting
system 1000 in Figures 10A-10E, the surface texturing features described herein may
also be applicable to other lighting devices and systems, and the invention is not intended

to be limited by the exemplary lighting devices and systems described herein.

Although specific embodiments have been illustrated and described herein, those
of ordinary skill in the art appreciate that any arrangement which is calculated to achieve
the same purpose may be substituted for the specific embodiments shown and that the
invention has other applications in other environments. This application is intended to
cover any adaptations or variations of the present invention. The following claims are in
no way intended to limit the scope of the invention to the specific embodiments

described herein.
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CLAIMS

What is claimed is:

1. A method for providing an optical element, comprising:

providing an optical feature in the optical element that spreads or distributes light
passing through the optical element; and

providing a texturing in at least a portion of the optical feature of the optical

element.

2. The method of claim 1, wherein providing the texturing comprises providing at
least one of a predetermined beam angle, a predetermined color mixing and a

predetermined beam shape smoothing of light passing through the optical element.

3. The method of claim 1, wherein providing the texturing comprises providing a

surface finishing texture in at least one surface of the optical feature.

4. The method of claim 1, wherein providing the optical feature comprises
providing a micro-optics array in the optical element, wherein the micro-optics array

comprises a multiplicity of micro lenses.

5. The method of claim 4, further comprising providing the texturing in at least a

portion of the micro-optics array.

6. The method of claim 5, wherein providing the texturing in at least the portion of

the micro-optics array comprises providing the texturing in a uniform pattern.

7. The method of claim 5, wherein providing the texturing in at least the portion of
the micro-optics array comprises providing a type texturing to provide at least one of a
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predetermined beam angle, a predetermined color mixing and a predetermined beam

shape smoothing of the light passing through the optical element.

8. The method of claim 7, wherein providing the micro-optics array comprises
providing a micro-optics array including a structure to spread the light passing through

the optical element into a preset beam angle smaller than the predetermined beam angle.

9. The method of claim 4, further comprising providing the texturing in selected

ones of the multiplicity of micro lenses.

10.  The method of claim 1, wherein providing the texturing in at least a portion of the
optical feature of the optical element comprises:
providing the texturing in a film; and

placing the film in association with the optical element.

11.  The method of claim 1, wherein providing the texturing in at least a portion of the
optical feature of the optical element comprises:

providing the texturing in another optical element; and

placing the other optical element relative to the optical element to pass light

through both optical elements.

12. A method for providing a lighting device, comprising:

providing a light source;

providing an optical element that receives and transmits light from the light
source;

providing an optical feature in the optical element that spreads or distributes the

light passing through the optical element; and
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providing a texturing in at least a portion of the optical feature.

13. The method of claim 12, wherein providing the optical element comprises

providing a total internal reflector (TIR).

14, The method of claim 13, wherein the TIR comprises an exit surface, the exit
surface comprising a first portion including a micro-optics array and a second portion

comprising at least one lens arranged in relationship with the light source.

15.  The method of claim 14, wherein providing the texturing comprising providing

the texturing in at least one of the micro-optics array and the at least one lens.

16,  The method of claim 13, wherein the TIR comprises at least one lobe arranged in
relationship with the light source, the at least one lobe comprising a lens to transmit light

from the light source.

17.  The lighting device of claim 16, wherein providing the texturing comprises

providing the texturing in the lens.

18. An optical element, comprising:
an optical feature in the optical element that spreads or distributes light passing
through the optical element; and

a texturing in at least a portion of the optical feature.

19.  The optical element of claim 18, wherein the texturing provides at least one of a
predetermined beam angle, a predetermined color mixing and a predetermined beam

shape smoothing of light passing through the optical element.
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20. The optical element of claim 18, wherein the texturing comprises a surface

finishing texture.

21.  The optical element of claim 18, wherein the optical feature comprises a micro-

optics array, the micro-optics array comprising a multiplicity of micro lenses.

22.  The optical element of claim 21, wherein the texturing is provided in at least a

portion of the micro-optics array.

23.  The optical element of claim 18, further comprising a total internal reflector
(TIR).
24.  The optical element of claim 23, wherein the TIR comprises an exit surface, the

exit surface comprising a first portion including a micro-optics array and a second
portion comprising at least one lens arranged in relationship with a solid state light

emitter.

25.  The optical element of claim 24, wherein the at least one lens comprises a

plurality of facets.

26.  The optical element of claim 24, wherein at least one of the micro-optics array

and the at least one lens comprises the texturing.

27.  The optical element of claim 23, wherein the TIR comprises at least one lobe, the

at least one lobe comprising a lens.

28.  The optical element of claim 27, wherein the lens comprises an entrance surface
and an exit surface, and wherein the lens receives light from a solid state light emitter

and transmits the light to the exit surface.
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29.  The optical element of claim 28, wherein the lens comprises a plurality of facets.
30.  The optical element of claim 27, wherein the lens comprises the texturing.
31. A optical system for a lighting device, comprising:

a first optical element;

an optical feature provided in the first optical element that spreads or distributes
light passing through the first optical element;

a second optical element; and

a texturing in at least a portion of the second optical element.

32.  The lens system of claim 31, wherein the second optical element comprises a

film, wherein the film is placed in association with the first optical element.

33. A lighting device, comprising:
a light source;
an optical element that receives and transmits light from the light source;
an optical feature in the optical element that spreads or distributes the light
passing through the optical element; and

a texturing in at least a portion of the optical feature.

34.  The lighting device of claim 33, wherein the light source comprises a solid state

light emitter.

35.  The lighting device of claim 33, further comprising a reflector to reflect light

from the light source.

28



10

WO 2013/154837 PCT/US2013/034208

36.  The lighting device of claim 33, wherein the optical element comprises a total

internal reflector (TIR).

37. The lighting device of claim 36, wherein the TIR comprises an exit surface, the
exit surface comprising a first portion including a micro-optics array and a second

portion comprising at least one lens arranged in relationship with the light source.

38.  The lighting device of claim 37, wherein at least one of the micro-optics array

and the at least one lens comprises the texturing.

39.  The lighting device of claim 36, wherein the light source comprises at least one
solid state light emitter and the TIR comprises at least one lobe arranged in relationship
with the at least one solid state light emitter, the at least one lobe comprising a lens to

transmit light from the at least one solid state light emitter.

40.  The lighting device of claim 39, wherein the lens comprises the texturing.
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PROVIDE TOOL IMCLUDING OPERATING FACE SIR
SURFACE HAVING SELECTED OPTICAL FEATURE O
ARRAY 70 PROVIDE PREDETERMINED SPREAD OR DISTRIBUTION OF LIGHT BEAM
PASSING THROUGH LENS; PROVIDE MOLD INCLUDING OPERATING FACE T0 MOLD LENS
INCLUDING PREDETERMINED MICRO-OPTICS ARRAY ON AT LEAST ONE SELECTED
SURFACE OF LENS TO SPREAD LIGHT INTD PRESET BEAM ANGLE SMALLER THAN
BESIRED BEAM ANGLE, EIC)

UCTURE FOR FABRICATING LENS WITH
%iﬁﬁkﬁﬂ ERISTICES) (MICRO-OFTICS

¥

ETCH OPERATING FACE STRUCTURE OF TOOL USED TO FORM LENS 70 CREATE
SELECTED PATTERM IN OPERATING FACE STRUCTURE 10 CAUSE CONTROLLED
SURFACE ROUGHING OR CHOSEN SURFACE TEXTURING OR FINISH IN AT LEAST ONE
SURFACE OF LENS (ETCH MOLD TO PROVIDE OR APPLY CONTROLLED ROUGHING OR
TEXTURED FINISH (SELECTED INDUSTRY STANDARD SURFACE FINISHING TEXTURE,
UNIFORM PATTERN RANDOM PATTERN ETC) 10 MICRO-OPTICS ARRAY 10 CAUSE
DESIRED OR PREDETERMINED BEAM ANGLE OR WIDTH, COLOR MIXING OR UNIFORMITY,
BEAM SHAPE SMOOTHING, £1C)

¥

S

306

(OMBINE PREDETERMINED OPTICAL CHARACTERISTICS AND SURFACE TEXTURING T
SPREAD LIGHT BEAM PASSING THROUGH LENS TO DESIRED OR PREDETERMINED BEAM
ANGLE AND COLOR MIXING OF LIGHT BEAM (CONTROL OR COORDINATE OPTICAL
CHARACTERISTICS AND SURFACE TEXTURING OR ROUGHING TO PROVIDE
PREDETERMINED BEAM WIDTH, (OLOR MIXING, BEAM SHAPE SMOOTHING, ETC)

-

308

]
USE TOOL (MOLD) 1O REPEATARLY PROVIDE LENSES INCLUDING OFTICAL STRUCTURE
AND SURFACE ROUGHING OR TEXTURING T0 PROVIDE OR CAUSE
PREDETERMINED BEAM WIDTH, COLOR MIXING, BEAM SHAPE SMOOTRING, EIC.
WHEN LIGHT PASSES THROUGH LENS

FIG. 3



WO 2013/154837 PCT/US2013/034208

414
40
402
FIG. 44 N
[
a0
404
FiG. 48
400
/[
40




WO 2013/154837

Lrooe T weee

o]

X o3 15 &

(01064

D a3

0T gﬁwzzzs‘s

b

TETE 000195 | DOE0TS 00T

03766 | 0010550

(01052
78

0007456 | DO0/SH
Q07771 0005597
0
b

T T
w9 0

P R v

O0TIS | B00ET0 | OREAT [ 0e

7
0] 0010043 | 0007902 | 0004779 |

1 B00VI06 | GO0 D00 006

0009575 00064691 0005334| 0003651 0002508

0
0

GO 0

o T O 000 T0EE] 000U 00004 D001 000050 000083

(0 0007052) QO0ISTY| DO07964) 0009243 | 0007289 | 0007769 | 0007349 | 0006108 | D006R3 6:%4?3 08

0.007941 0004317 00037268 0.008473| 0005501 | 0.005683 | 0004675 | 0004159

Rt Gt G Gd

PCT/US2013/034208

FIG. 5



WO 2013/154837 PCT/US2013/034208

= —
iiiiii!g

Loeoe)

i

100 0 160
£, mm

FIG. 6



WO 2013/154837 PCT/US2013/034208

706

000759 0003739 0003544 OOSKC

o e e e

£

= @$$$$§$§§
&R &3

[

41

0 0002446

0

1 0000436 000147 0.0007%
00005 000

1

00145 00059 000407 000331 O
0109

b

8

b
B
0
g



PCT/US2013/034208

WO 2013/154837

FIG. 8



WO 2013/154837 PCT/US2013/034208

PROVIDE LENS INCLUDING SELECTED OPTICAL FEATURE {MIQRO-OPTICS
ARRAY TO (AUSE SELECTED SPREAD OR DISTRIBUTION OF LIGHT |92
PASSING THROUGH LENS; MICRO-DPTICS ARRAY T0 SPREAD UGHT
PASSING THROUGH LENS INTO PRESET BEAM ANGLE SMALLER THAN
DESIRED OR PREDETERMINED BEAM ANGLE OF FINISHED LENS)

|

PROVIDE CHOSEN SURFACE TEXTURTHNG 1N AT LEAST ONE SURFACE OF LENS
(INDUSIRY STANDARD SURFACE FINISHING TEXTURE OR OTHER SURFACE, 904
TEXTURE: COORDINATE SELECTED OPTICAL FEATURE AND CHOSEN
SURFACE TEXTURING T0 CAUSE AT LEAST ONE OF PREDETERMINED BEAM
WIDTH, COLOR MIXING, BEAM SHAPE SMOOTHING, ETC WHEN LIGHT
PASSES THROUGH LENS; FORM ON MICRO-OPTICS ARRAYY
PROVIDE CHOSEN SURFACE TEXTURING IN FILM ATTACHED
T0 ATLEASTONE SIDE OF LENS OR ANOTHER LENS DISPOSED ON
AT LEAST ONE SIDE OF FIRSTLENS

¥

ASSEMBLE OTHER LIGHTING DEVICE COMPONENTS (MOUNT LIGHTING | 908
ELEMENT ASSEMBLY IN ASSOCIATION WITH REFLECTOR, BIC

¥

ATTACH LS OVER RERLECTOR AND BNCLOSING HEBHIING ..
ELEMENT ASSEMBLY.
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