EP 4 239 244 A1

(19)

Europaisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
06.09.2023 Bulletin 2023/36

(21) Application number: 23160000.8

(22) Date of filing: 03.03.2023

(11) EP 4 239 244 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):

F21V 7/00 (2006.01) F21V 7/04 (2006.01)
F21V 11/00 (2015.01) F21V 13/04 (2006.01)
F21S 8/08(2006.01) F21V 5/00 (2018.01)
F21W 131/103 (200601 F21Y 115/10 (2016.07)

(562) Cooperative Patent Classification (CPC):
F21S 8/086; F21V 5/007; F21V 7/0083; F21V 7/04;
F21V 13/04; F21V 7/06; F21V 7/09; F21V 11/00;
F21W 2131/103; F21Y 2105/16; F21Y 2115/10

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULVMC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(30) Priority: 04.03.2022 US 202217686799
28.06.2022 US 202263356130 P

(71) Applicant: ABL IP Holding LLC
Atlanta, GA 30309 (US)

(72) Inventors:

< Al, Qi
Atlanta, 30309 (US)
e CHEN, Jie

Atlanta, 30309 (US)
* MARQUARDT, Craig Eugene
Atlanta, 30309 (US)

(74) Representative: EIP
Fairfax House
15 Fulwood Place
London WC1V 6HU (GB)

(54)
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includes a base, a plurality of lenses, a plurality of light
emitting diodes (LED) positioned to emit light into the
lenses, and a reflector having a reflective surface dis-
posed adjacent at least one of the plurality of LEDs. The
optical axis of one or more of the LEDs may be offset

from a central axis of the respective lens in which it emits

light. The reflective surface of the reflector may extend

from the base over the one or more of the LEDs and

beyond the optical axis of the one or more LEDs to direct
lightin a desired direction or toward a selected area (e.g.,
a street) and cut off light directed in an undesirable di-
rection or area (e.g., a house).
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Description
FIELD OF DISCLOSURE

[0001] This disclosure relates generally to an optical
assembly that can be used in luminaires and other light
elements, and more particularly to reflectors around light
emitting diodes (LED) to direct light beams from LEDs in
a desired direction while cutting off the light beams from
travelling in an undesired direction.

BACKGROUND

[0002] Light emitting diodes (LED) are typically used
in luminaires for street lighting, porch lighting, back yard
lighting, in house lighting, decorative lighting, or other
lighting purpose. LED lights used in roadway luminaires
typically include a series of LEDs arranged in rows, with
the LEDs being covered by an optic designed to provide
a particular light distribution profile. In outdoor lighting
applications, it may be desirable to direct light toward a
desired direction (such as toward a street, parking lot, or
other area), while preventing light from being directed
toward an undesired direction to leave other areas, such
as unpaved areas, buildings, yards, and the like, unlit.
However, traditional lighting systems may not provide
the ability to carefully cutoff off light such that predomi-
nately all light emitted from the lighting system is emitted
in a desired direction. Therefore, improvements in light
cutoff capabilities of lighting systems are desired.

BRIEF SUMMARY

[0003] One aspect of the present disclosure relates to
an optical assembly configured to direct light in a desired
direction. The optical assembly includes a base, a plu-
rality of lenses disposed on the base and spaced from
each other in a row. Each lens may have a dome shape
with a central or optical axis perpendicular to a plane of
the base. The optical assembly can include a plurality of
light emitting diodes (LED). Each LED can be disposed
between the base and a respective lens of the plurality
of lenses. Each LED can have a central axis perpendic-
ular to a plane of the LED. The central axis of an LED
may be offset from the central axis of the respective lens
of the plurality of lenses. At least one reflector having a
curved surface (e.g., concave shape, parabolic shape,
etc.) may be disposed adjacent to at least one of the
plurality of LEDs such that the at least one of the plurality
of LEDs are at a first side of the at least one reflector.
The curved surface may extend from the base and curve
over the at least one of the plurality of LEDs and beyond
the central axis of each of the at least one of the plurality
of LEDs. The curved surface can be configured to direct
light emitted by the at least one of the plurality of LEDs
toward the first side and prevent the light from leaking
toward a second side of the at least one reflector that is
opposite the first side.
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[0004] Insomeembodiments, each lens of the plurality
of lenses defines a cavity, and each LED of the plurality
of LEDs may be disposed in a respective one of the cav-
ities such that the central axis of the LED is offset relative
to a central axis of the respective lens in a direction of
the curved surface of the at least one reflector.

[0005] In some embodiments, the curved surface of
the reflector may have a free form shape characterized
by multiple curvatures between end points of the curved
surface, a first end point being at the base and a second
end point being positioned above at least some of the
plurality of lenses. For example, a first curvature may be
between the first end point at the base and an interme-
diate point between the first end point and the second
end point, and a second curvature may be between the
intermediate point and the second end point of the curved
surface.

[0006] In some embodiments, the curved surface of
the reflector may be characterized by a first angle be-
tween a plane of the base and a first line (e.g., joining a
distal end of a lens furthest from the curved surface and
a distal end of the curved surface located over the lens).
For example, the first angle is in a range between 60°
and 90°. In some embodiments, the curved surface of
the reflector may be characterized by a second angle
between the plane of the base and a second line (e.g.,
a line joining a point on the lens located at the central
axis of the LED and the distal end of the curved surface
located over the lens). For example, the second angle is
in a range between 70° and 130°.

[0007] Further, one aspect of the present disclosure
relates to a luminaire. The luminaire includes a base, a
plurality of lenses disposed on the base and spaced from
each other, a plurality of light emitting diodes (LED) dis-
posed between the base and a respective lens of the
plurality of lenses, at least one reflector having a curved
surface and disposed proximate to at least one of the
plurality of LEDs, and a frame supporting the base and
the at least one reflector.

[0008] In some embodiments, each lens may have a
dome shape having a central axis perpendicular to a
plane of the base.

[0009] In some embodiments, each LED may have a
central axis perpendicular to a plane of the LED, and the
central axis of an LED may be offset from the central axis
of a respective lens of the plurality of lenses.

[0010] In some embodiments, the curved surface of
the reflector may extend from a surface of the base and
curve over the at least one of the plurality of LEDs and
beyond the central axis of the at least one of the plurality
of LEDs. The curved surface may be configured to direct
light emitted by the at least one of the plurality of LEDs
toward the first side and prevent the light from leaking
toward a second side of the at least one reflector that is
opposite the first side.

[0011] In some embodiments, the frame may be ori-
ented such that the curved surface of the at least one
reflector curves toward the street to direct the light from
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the at least one of the plurality of LEDs toward a street
side and prevent light from leaking in a direction that is
away from the street. The forgoing general description
of the illustrative implementations and the following de-
tailed description thereof are merely exemplary aspects
of the teachings of this disclosure, and are not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incor-
porated in and constitute a part of the specification, illus-
trate one or more embodiments and, together with the
description, explain these embodiments. The accompa-
nying drawings have not necessarily been drawn to
scale. Any values dimensions illustrated in the accom-
panying graphs and figures are for illustration purposes
only and can or cannot represent actual or preferred val-
ues or dimensions. Where applicable, some or all fea-
tures cannot be illustrated to assist in the description of
underlying features. In the drawings:

Figure 1illustrates backlight leakage associated with
a prior art street light.

Figure 2 illustrates a street light with improved back-
light control, according to one embodiment.

Figure 3 is a perspective view of an optical assembly
including a reflector with a curved surface, according
to one embodiment.

Figure 4A is a top perspective view of a lens or optic
arranged on a base surface, according to one em-
bodiment.

Figure 4B is a bottom perspective view of the base
surface showing access to a cavity of the lens for
mounting a light source, according to one embodi-
ment.

Figure 4C is a cross-section view of a lens disposed
on the base showing the light source exploded from
the cavity of the lens, according to one embodiment.
Figure 5 is a perspective view of a lens or optic co-
molded to a base, according to one embodiment.
Figure 6 illustrates a cross-section of an optical as-
sembly, (a) showing a perspective view of an optical
assembly and a cross-section, and (b) showing a
front view of the cross-section illustrating a cross-
section of reflectors, lenses, and light sources, ac-
cording to one embodiment.

Figure 7A is a perspective cross-section view of the
reflector, lens and a light source arranged in an op-
tical assembly, according to one embodiment.
Figure 7B is a perspective view of an optical assem-
bly with a central axis of the light source pointing
downward and reflector directing the light from the
light source toward the front, according to one em-
bodiment.

Figure 8A is a perspective cross-section view of the
reflector, lens and a light source arranged in an op-
tical assembly, according to one embodiment.
Figure 8B is a cross-section view of the lens and the
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light source viewed from a side (e.g., house side)
illustrating a symmetric configuration of the lens with
respect to the light source, according to one embod-
iment.

Figure 8C is a cross-section view of the lens and the
light source viewed from a front with a house side
on the left and a street side on the right illustrating
asymmetry of the lens with respect to the light
source, according to one embodiment.

Figure 9A illustrates a first angle associated with the
reflector characterizing a curved surface, according
to one embodiment.

Figure 9B illustrates a second angle associated with
the reflector characterizing a curved surface, accord-
ing to one embodiment.

Figure 9C illustrates a traditional reflector with
straight surface, according to one embodiment.
Figure 10 is a perspective view of a corner reflector
assembled on a base with a light source disposed
in the lens, according to one embodiment.

Figure 11 is a perspective view of an optical assem-
bly with a plurality of corner reflectors assembled on
a base with a plurality of light sources disposed in
corresponding lenses, according to one embodi-
ment.

Figure 12 is a luminaire employing an optical assem-
bly according to an embodiment disclosed herein.
Figure 13 is a perspective view of an optical assem-
bly, according to another embodiment.

Figure 14 is a top perspective view of a base and
lens assembly of the optical assembly of Figure 13.
Figure 15 is a bottom perspective view of the base
and lens assembly of Figure 14.

Figure 16 illustrates photometric views of light emit-
ted by the optical assembly of Figure 13 and a
number of competitor products.

Figure 17 illustrates photometric views of light emit-
ted over an area by a number of the optical assem-
blies of Figure 13 and a number of competitor prod-
ucts.

Figure 18 illustrates photometric views of simulated
light emitted by a corner optical assembly of in ac-
cordance with the present invention and a number
of competitor products.

DETAILED DESCRIPTION

[0013] The description set forth below in connection
with the appended drawings is intended as a description
of various embodiments of the disclosed subject matter
and is not necessarily intended to represent the only em-
bodiment(s). In certain instances, the description in-
cludes specific details for the purpose of providing an
understanding of the disclosed embodiment(s). Howev-
er, it will be apparent to those skilled in the art that the
disclosed embodiment(s) can be practiced without those
specific details. In some instances, well-known struc-
tures and components can be shown in block diagram
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form in order to avoid obscuring the concepts of the dis-
closed subject matter.

[0014] Reference throughout the specification to "one
embodiment” or "an embodiment" means that a particular
feature, structure, or characteristic described in connec-
tion with an embodiment is included in at least one em-
bodiment of the subject matter disclosed. Thus, the ap-
pearance of the phrases "in one embodiment" or "in an
embodiment" in various places throughout the specifica-
tion is not necessarily referring to the same embodiment.
Further, the particular features, structures or character-
istics can be combined in any suitable manner in one or
more embodiments. Further, it is intended that embodi-
ments of the disclosed subject matter cover modifications
and variations thereof.

[0015] Itis to be understood that terms such as "top,"
"bottom," "front," "side," "length," "lower," "interior," "in-
ner," "outer," and the like that can be used herein merely
describe points of reference and do not necessarily limit
embodiments of the present disclosure to any particular
orientation or configuration. Furthermore, terms such as
"first," "second," "third," etc., merely identify one of a
number of portions, components, steps, operations,
functions, and/or points of reference as disclosed herein,
and likewise do not necessarily limit embodiments of the
present disclosure to any particular configuration or ori-
entation.

[0016] Conventional lighting applications may attempt
to control an amount of back light or corner light to meet
visibility/non-visibility, intensity or other specifications.
However, existing back light control and corner control
optics have several limitations. For example, convention-
al optics may not be able to produce a light distribution
having a sharp and precise backlight cutoff, which may
result in a backlight cutoff line which is spaced apart from
a fixture installation line and may enable unwanted light
to spill in an undesired direction, such as toward neigh-
boring properties (e.g., see Figure 1). Existing optics may
also be unable to meet specification related to a LEED
program such as LEED v4 program and earning addi-
tional points.

[0017] The present disclosure provides an optical as-
sembly that overcomes several limitations above. In
some embodiments, the optical assembly herein com-
prises a reflector frame that offers extreme light cut off
while also reflecting a greater portion of light in the de-
sired direction to improve light coverage. In some em-
bodiments, the extreme light cut off may be characterized
by mounting height to back light distance ratio. For ex-
ample, if the optical assembly is mounted at a height of
20 feet, the back light cutoff will be less than 5 feet rear-
ward of the pole. Some embodiments, ratios of back light
cutoff to mounting height that are less than 0.5, less than
0.4.less than 0.3, less than 0.25, less than 0.2, less than
0.15, less than 0.1, or less may be achieved. For exam-
ple, comparing a first cut off line 15 (in Figure 1) and
another cut off line 25 (in Figure 2) shows that the cut off
line 25 is much closer to the street than the house side,
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thereby achieving much sharper cut off using the optical
assembly of the present disclosure. Additionally, an
asymmetric lens design is provided that can reduce the
reflector size while offering more precise and/or sharp
light cutoff. The structure of the lens can take various
forms. In some non-limiting examples, the lens may in-
clude a clear optic that is co-molded into a base (e.g., a
black or other colored base), a clear optic that is glued
and/or otherwise secured to abase (e.g., a black or other
colored base), and/or may include an integrally formed
base and optic, with a surface of the base being painted
or otherwise colored (e.g., black or another color). In
some embodiments, the lens and/or base may include a
silicone material, as silicone can offer desirable photo-
metric and thermal performance.

[0018] Regardless of the lens material, it may be de-
sirable for as much of the surface of the base 100 that is
exposed to the emitted light (e.g., first surface 100f in
Figure 4A) to incorporate a light absorbing mechanism
(e.g., one that absorbs at least 90% of the light that im-
pinges uponit). As explained above, the exposed surface
(e.g., first surface 100f) of the base 100 may be painted
a dark color (e.g., black). If the lenses are formed from
PMMA or another paintable material, the portion of the
lenses that couple to the base 100 (e.g., that flat portion
of strips 110 in FIG. 4A) can be similarly painted a dark
color (e.g., black). Lenses formed of a silicone material
cannot be painted. Thus, a dark (e.g., black) material
(e.g., felt, paper, etc.) may be provided on the upper or
lower surface of the portion of the lenses that couple to
the base for light absorption. Alternatively, the clear por-
tion of the lenses (the dome-shaped portions) can be co-
molded with and/or adhered to a darker material that
forms the portion of the lenses that couple to the base
100.

[0019] In some embodiments, the optical assembly
comprises one or more light sources, a number of lenses
(e.g., made of PMMA or silicone material) placed over
the light sources, and one or more reflectors (e.g., made
of pure black plastic and vacuum metalized reflective sur-
face) placed proximate the lens. Different components
of the optical assembly and their configuration are further
discussed in detail with respect to Figures 3-15, accord-
ing to some embodiments. Figure 3 is a perspective view
of an optical assembly 10, according to one embodiment.
The optical assembly 10 includes a base 100, a plurality
of lenses (e.g., lenses 111-115 and lenses 121-125) dis-
posed onthe base 100 and over a plurality of light sources
150 (e.g., showninFigure 4C), and one or more reflectors
201-204 that each have a reflector surface 201c-203c
disposed adjacent to one or more of the plurality of light
sources 150 and/or the plurality of lenses (e.g., lenses
111-115 and lenses 121-125). Each of reflector surfaces
201c-203c can be a reflective surface configured to re-
flect light from the LEDs, as such can be alternatively
referred as the reflective surfaces 201¢-203c. Reflector
surface 201c may project over at least a portion of one
or more of the light sources 150. In some embodiments,
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the reflector surface 201¢-203c may be formed from one
or more angled and/or curved sections so as to project
upward from the base 100 and over at least of portion of
one or more of the light sources 150. For example, the
reflector surface 201¢c may include a single planar sur-
face thatis angled relative to the base 100 to extend over
at least of portion of one or more of the light sources 150,
while in other embodiments the reflector surface 201c
may be formed from multiple planar portions that are at
different angles relative to one another. In yet other em-
bodiments, all or part of the reflector surface 201¢c may
be curved, and may include a constant or varying degree
of curvature. In some embodiments, the light sources
150 can be light emitting diodes (LED) 150. The reflector
surface 201cin combination with the lenses 111-115 and
LEDs 150 allows the light to be directed in a desired di-
rection. The reflector surface 201c is also configured to
cutoff light from traveling in undesired directions. For ex-
ample, as will be discussed in greater detail below, the
reflectors 201 may be positioned relative to the LEDs 150
and lenses 111-115 such that light emitted from each
lens 111-115 in undesired directions may contact one of
the surfaces 201c, which then reflects such light in a de-
sired direction and/or otherwise away from the undesired
direction. The base 100 can also prevent the light from
the LEDs from traveling in other directions than the de-
sired direction. For example, in some embodiments, the
base 100 may be formed from and/or coated with a black
(or other dark color) material. For example, the base 100
may absorb at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, or more of light.
This may enable the base 100 to absorb light directed
toward the base 100 to prevent and/or reduce the amount
of light reflected by the base 100, some of which may
otherwise be reflected in an undesired direction. Light
emitted from the LEDs 150 and/or lenses 111-115in a
downward direction and/or light reflected in a downward
direction using the reflectors 201 may be absorbed by
the base 100, which may prevent such light from being
directed in an undesired direction (e.g., a house side di-
rection). In some embodiments, the optical assembly 10
can be a luminaire used to light a street. In this example,
the optical assembly is configured to project light in a
desired direction (in this case, a street side), while limiting
or preventing the projection of light in an undesired di-
rection (in this case, a house side such as a front yard
or a back yard or any other area that should not be illu-
minated/does not allow light trespass). The components
of the optical assembly including the lenses, the LEDs
and reflectors are further discussed in detail below.

[0020] A light source emits light that can be received
and further distributed by the lens, as discussed herein.
In some embodiments, the light source can be or can
comprise one or more light emitting diodes, for example.
The light source and/or the emitted light can have an
associated optical axis. The light source can be deployed
in applications where it is desirable to bias illumination
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laterally relative to the optical axis. For example, as
shown in Figures 2 and 7B, in a street luminaire where
the optical axis is pointed down towards the ground, it
may be beneficial to direct light towards a street side of
the optical axis, rather than towards a row of houses that
are beside the street (e.g., see Figure 2). The light source
can be positioned relative to a lens that receives light
propagating on one side or both sides of the optical axis
and redirects that light toward the reflector and/or sends
the light forward toward the street side. For example, the
lens can receive light that is headed towards the houses
and redirect that light towards the street via the reflector
201.

[0021] In some embodiments, as shown in Figures 3,
4A and 5, the plurality of lenses 111-115 are disposed
on the base 100 and spaced from each other in a row
110. Similarly, another plurality of lenses 121-125 are
disposed in another row 120. In one embodiment, as
shown in Figures 3 and 4A, the lenses 111-115 may be
provided as individual components, as sheets containing
multiple rows of lenses, as strips 110s containing a single
row of lenses, and/or other forms. Providing the lenses
in one or more sheets or strips 110s may facilitate cou-
pling multiple lenses to a corresponding array of LEDs
and/or to the base 100. For example, the lens strips 110s
and 120s are coupled to a first surface 100f (e.g., a front,
upper, or exposed surface in Figure 4A) of the base 100.
Aninner surface of each lens 111-115may define a cavity
140 (as shown in Figure 4C) or other volume that may
receive light from a respective one of the LEDs 150. The
base 100 can include a plurality of apertures or openings
(e.g., 131-135). The openings 131-135 can be accessed
from an opposite second surface 100b of the base 100
(e.g., a back, lower, or rear surface in Figure 4B) of the
base 100. The array of LEDs can be disposed through
the openings 131-135 from the second surface 100b. In
such an embodiment, the printed circuit board ("PCB")
supporting such an array of LEDs would typically be lo-
cated under the base 100. Accordingly, an optical as-
sembly or an illumination system can comprise a two-
dimensional array of LEDs. The resulting two-dimension-
al array of LEDs can comprise a light module or light bar,
one or more of which can be disposed in a luminaire or
other lighting apparatus, for example.

[0022] In some example embodiments, the lenses
(e.g.,lenses111-115and lenses 121-125) can be formed
of optical grade silicone and can be pliable and/or elastic.
In some example embodiments, the lenses can be
formed of an optical plastic such as poly-methyl-meth-
acrylate (PMMA), polycarbonate, silicone, or an appro-
priate acrylic, to mention a few representative material
options without limitation. The base 100 may be config-
ured to absorb light and/or redirect light in a desired di-
rection. For example, in some embodiments, the base
100 may be colored such that the base 100 has desired
reflectance and/or absorption properties. For example,
the base 100 may be a colored black, or any dark color
that absorbs a high percentage of light (e.g., greater than
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90%). In embodiments, the base 100 may include a host
material and a colorantin the base material. The colorant
may be a pigment, adye, etc. thatcolors the host material,
thereby adjusting its absorption/reflection properties. For
example, in some embodiments, the material of the base
100 may be selected to absorb at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least
99%, or more of light. Non-limiting examples of suitable
host materials include PMMA, silicone, and/or other pol-
ymeric materials. In embodiments, the base 100 may in-
clude a host material having a first surface and a second
surface opposite the first surface. The first surface may
be an upward facing surface. A colored layer may be
disposed on the first surface. The colored layer may be
a layer of paint, dye, etc.

[0023] By providing the base 100 with a black or oth-
erwise dark outer surface, any light incident on the first
surface 100f can be absorbed and not reflected thereby
preventing light leakage toward an undesired direction
(e.g., the house side).

[0024] Referring to Figure 5, the plurality of lenses
111-115 and 121-125 can be individually coupled to the
base 100. In some embodiments, the plurality of lenses
111-115 and 121-125 can be glued or co-molded with
the base 100. For example, the plurality of lenses
111-115 and 121-125 can be attached to the base 100
by an adhesive. In other embodiments, the lenses
111-115 may be snapped, fastened, and/or otherwise
mechanically secured with the base 100.

[0025] As shown in Figures 4C and 5, the lenses
111-115 can have a dome-shaped outer surface 1110
with a central axis perpendicular to a plane of the base
100. For example, the lenses 111 and 121 have central
axes 111a and 121a, respectively, as shown in Figure
4C. The central axis 111a or 121a can be an axis passing
through a center of the lens 111 or 121. In some embod-
iments, the central axis of a lens lies within a plane (per-
pendicular to plane 311 in Figure 8A) (1) that extends
through the lens in a direction that is parallel to the house
side to street side direction (i.e., the x direction in Figure
8A) and/or extends perpendicular to the length of the
reflector (i.e., the y direction in Figure 8A) and (2) that
extends through the optical cavity 140. With reference to
that plane (see FIG. 8C), the central axis of the lens ex-
tends along the height of the lens (i.e., along the z direc-
tion) and bisects the midpoint of the linear distance be-
tween the end points 901, 904 of the outer surface 1110
(i.e., where the outer surface intersects the plane of the
base 100). In some embodiments, as shown in Figures
8C and 9A-9B, the LED 150 of the plurality of LEDs is
disposed in a cavity 140 of lens 111 of the plurality of the
lens 111-115 such that the central or optical axis 150a
of the LED is offset from the central axis 111a of the lens
111 in a direction toward the reflector surface 201c of the
reflector 201. In embodiments, the plurality of lenses
111-115 have a corresponding plurality of LEDs 150 dis-
posed therein such that the central axes of the lenses
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are offset toward and/or close to the reflector 201.
[0026] In some embodiment, as shown in Figures 4C
and 6(b), each of the plurality of light emitting diodes
(LED) 150 are placed in a corresponding lens of the plu-
rality oflenses 111-115. The LED 150 has an optical axis
150a perpendicular to a plane of the LED or perpendic-
ular to the base 100. In embodiments, as shown in Fig-
ures 4C and 8A-8C, the optical axis 150a of an LED 150
is offset from the central axis 11 1a of an outer surface
of the lens 111 of the plurality of lenses 111-115. In em-
bodiments, the optical axis 150a of the LED 150 and a
central axis 111a of the outer surface 1110 of the lens
111 are aligned or not offset from each other. In some
embodiments, each LED 150 may be provided on a print-
ed circuit board (PCB) 160 and/or other substrate. The
PCB 160 can be attached to the second surface 100b of
the base 100 such that the LEDs reside within and/or
emits light into the cavities 140 of the lenses. In some
embodiments, the PCB 160 and/or other substrate may
be configured to absorb at least 90% of light incident
thereon, such as by including a light-absorbing material
(e.g., a material containing a pigment that absorbs at
least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or more of light).

[0027] Figures 7A and 8A illustrate a cross-section
view showing structure of an exemplary lens 111, ac-
cording to one embodiment. As shown, the lens 111 has
a dome shape with an inner surface 111i facing the LED
150 and an outer surface 1110 facing away from the LED
150, opposite the inner surface 111i. The inner surface
111i can include a refractive surface that receives light
headed away from the optical axis of the LED 150, for
example away from the street to be lighted. The inner
surface 111ican be a concave lens surface facing toward
the LED 150, with the inner surface 111i being spaced
apart from an outer surface of the LED 150. The inner
surface 111i can receive the incident light from the LED
150 and create a refracted beam that exits the lens 111
through the outer surface 1110, which causes the beam
to diverge. The outer surface 1110 can be a convex lens
surface, for example. In some embodiments, the inner
surface 111i may have a shape that differs from a shape
of the outer surface 1110. For example, the inner surface
111i may have a concave shape that is different from the
convex shape of the outer surface 1110. Inembodiments,
the concave shape of the inner surface 111iis offset from
the outer surface 1110.

[0028] As noted above, each lens 111-115 can com-
prise a cavity 140 (see Figure 4C and 7A) that has a
concave shape. The walls of the lens may be asymmetric
in some embodiments. For example, a rear wall (e.g.,
closest to the reflector 201) may be thinner than a front
wall (e.g., further from the reflector 201), which may en-
able the LED 150 to be positioned closer to the reflector
201 to provide a sharper light cut off angle. The cavity
140 can be filled with air between the inner surface 111i
and the LED 150. The cavity 140 receives light from the
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LED 150. In some embodiments, the lens 111 comprises
a receptacle in which the LED 150 can be seated or is
otherwise disposed. The receptacle can be irregularly
shaped to receive a circuit board to which one or more
light emitting diodes is mounted, for example.

[0029] Referring to Figures 8A-8B, a lens (e.g., lens
111) is symmetric in a reference plane 311 extending
through the optical axis 150a of the LED 150 along they
direction (in FIG. 8A) and when viewed in the x direction
(in FIG. 8A). Additionally, referring to Figures 8A and 8C,
the lens is asymmetric about the reference plane 311
when viewed in the y direction (in FIG. 8A) in that the
central axis 111a of the lens is offset from the reference
plane 311. As shown in Figure 8C, the reference plane
311 separates the lens into a street-side portion and a
house-side portion. The street-side portion is larger in
size than the house-side portion in order to reduce the
size of the optical system while providing better cut-off.
The street-side portion controls a main beam emitted
from the LED 150 and directs the beam toward a desired
direction (e.g., between 55°-75° relative to nadir). The
house-side portion acts as the light transmission layer
which sends the light to the reflector 201. Such lens con-
struction advantageously sends more light towards a de-
sired direction through the lens. For example, a reduced
size of a lens portion (e.g., the house-side lens portion)
provides better light beam cutoff by the reflector as well
as enables lowering a height of the reflector 201 thereby
making an optical assembly compact. For example, by
offsetting the cavity 140 and/or LED 150 from the central
axis 11 1a of the lens 111 in a direction toward the re-
flector 201 (i.e., the optical axis 150a of the LED 150 is
closer to the reflector base than the central axis 11 1a of
the lens 111), the optical axis 150a of the LED 150 may
be positioned closer to the reflector 201, which may en-
able a height of the reflector 201 to be reduced while still
providing a desired cutoff angle for light.

[0030] ReferringtoFigures3,6,7,8A,9Aand 9B, each
reflector 201 may protrude from the base 100 at a first
end 905 (proximate the base) and terminate at a second
end 903 and may have a reflective surface 201c that
extends between the first end 905 and the second end
903 (see FIGS. 9A, 9B). For example, each reflector 201
may include afirst side thatincludes the reflective surface
201c(e.g., street side) and an opposite second side 201b
(e.g., ahouse-side or a side behind the reflective surface
201c). In one embodiment, the reflector 201 is an elon-
gated member having a reflective material or coating on
the reflective surface 201c, while the second side may
be painted black (or other dark color) to prevent light from
a different row of LEDs from reflecting toward the house
side. Each reflector 201 is disposed adjacent to the plu-
rality of lenses 111-115 having corresponding plurality
of LEDs 150 therein such that the plurality of LEDs 150
or lenses 111-115 are at the first side (e.g., street side).
As illustrated, the reflective surface 201c extends in a
direction perpendicular to the plane of the base 100, how-
ever in other embodiments the reflective surface 201c

10

15

20

25

30

35

40

45

50

55

may extend from the base 100 at other angles. The re-
flective surface 201c curves over the plurality of LEDs
150 located in the corresponding plurality of lenses
111-115. The reflective surface 201c (i.e., the second
end 903) further extends beyond the optical axis 150a of
the LED 150. Accordingly, the reflective surface 201c is
configured to direct light emitted by the plurality of LEDs
150 toward thefirst side (e.g., the street side) and prevent
the light from leaking toward the second side (e.g., the
house side) of the reflector 201.

[0031] Referring to Figure 3, the optical assembly 10
can include a plurality of reflectors 201, 202, 203 and 204
and corresponding rows of lenses and LEDs. In one em-
bodiment, each reflector 201-204 has the same construc-
tion and is positioned in a similar manner with respect to
the corresponding plurality of LEDs. For example, the
reflector 202 is positioned adjacent to the second plurality
of lenses 121-125 covering a corresponding plurality of
LEDs 150 such that the reflective surface 202c extends
over and beyond a central axis of the LEDs 150. While
shown with a single reflector extending along a length of
each row of LEDs 150, it will be appreciated thatin some
embodiments multiple reflectors may be provided for
each row of LEDs 150. For example, each LED 150 and
lens pair (or a number of pairs within each row) may in-
clude a dedicated reflector. In Figure 3, the plurality of
lenses, the plurality of LEDs, and reflectors are disposed
in a number of rows. For example, as shown in Figure 3,
the first plurality of lenses 111-115 are arranged in a first
row and a first plurality of LEDs (e.g., see 111 in Figure
4C) disposed in corresponding lens of the first plurality
of lenses 111-115. The first reflector 201 is disposed ad-
jacent to the first plurality of lenses 111-115 such that
the reflective surface 201c of the first reflector 201 ex-
tends over the first plurality of lenses 111-115.

[0032] The second plurality of lenses 121-125 are ar-
ranged in a second row spaced from the first row and a
second plurality of LEDs (e.g., see LED 150 in lens 121
in Figure 4C) disposed in the corresponding second plu-
rality of lenses 121-125. The second reflector 202 is dis-
posed between the first plurality of lenses 111-115 and
the second plurality of lenses 121-125 such that a reflec-
tive surface 202c of the second reflector 202 extends
over the second plurality of lenses 121-125. In other
words, with respect to the reflector 202, the second plu-
rality of LEDs in the lenses 121-125 are located at the
first side of reflector 202 (e.g., street side), and the first
plurality of lenses 111-115 are located at the second side
of reflector 202 (e.g., house side). In some embodiments,
the second side of the reflectors 201-204 can be coated
or formed from a black (or other dark color) material to
absorb light emitted by LEDs on the second side or par-
tially reflective to reflect light emitted by LEDs on the sec-
ond side without interfering with the light emitted by LEDs
on the first side.

[0033] While illustrated with the LEDs 150 and lenses
111-115, 121-125 arranged in two parallel rows, it will be
appreciated that other arrangements are possible in em-
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bodiments. For example, the LEDs and lenses may be
arranged in any number of rows, columns, and/or other
patterns. The LEDs and lenses may be arranged at reg-
ular and/or irregular intervals in one or more directions.
Additionally, a total number of LEDs and lenses and/or
a number of LEDs and lenses in a given row, column, or
other array may vary across embodiments to meet the
needs of a particular lighting application.

[0034] In some embodiments, as shown in Figure 3,
the reflector 201 (and 202-204) can include side reflec-
tors between each lens to redirect and reflect the light
traveling in a direction that is aligned with or substantially
aligned with a length of reflector 201 in a desired direction
(e.g., street side) thereby improving the illumination pro-
file atthe street side. The side reflectors may also prevent
light interference between adjacent LEDs thereby im-
proving efficiency of light utilization. For example, the re-
flector 201 includes side reflectors 211,212,213 and 214
projecting from the reflective surface 201c toward the
first side (e.g., street side). In some embodiments, the
side reflectors 211-214 may be curved or transition from
the surface of the reflector 201. In some embodiments,
the side reflectors 211-214 may be angled (e.g., up to
5°) with respect to a perpendicular to the base 100. The
side reflector 211 has a reflecting surface 211r facing the
LED in the lens 111. The side reflector 212 located be-
tween the lenses 111 and 112 has two reflecting surfaces
212r, one surface 212r faces the lens 111 and another
surface 212r faces the lens 112. Similarly, each of the
side reflectors 213 and 214 has reflecting surfaces 213r
and 214r facing the lenses between which each is inter-
posed.

[0035] Accordingly, the optical assembly 10 can be
configured to direct light from each row of LEDs via a
corresponding reflector toward the street without light in-
terference between LEDs or light interference between
adjacent rows of LEDs. Thus, light emitted from each
LED or rows of LEDs can be better directed to a desired
direction (e.g., street side) to improve light utilization,
while cutting off or otherwise preventing light emitted by
the optical assembly 10 from being directed toward un-
desired directions (e.g., house side).

[0036] Insome embodiments, as shownin Figures 7A,
8A and 9A-9B, the reflective surface 201c of the reflector
201 can have a partially concave shape. However, the
present disclosure is not limited to a concave shape. In
some embodiments, different linear and/or curved sur-
faces can be created to direct light in a desired direction.
For example, the reflective surface 201c of the reflector
201 can have a parabolic shape extending from the base
100 toward and beyond the central axis of the plurality
of LEDs. As another example, the reflective surface 201¢
of the reflector 201 can have a free form shape charac-
terized by multiple curvatures between end points of the
reflective surface 201c¢, with a first end point being at the
junction of the reflective surface 201¢ and the base 100
and a second end point being a distal end of the reflective
surface 201c that extends over the plurality of lenses
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111-115. For example, the free form shape comprises a
first curvature between the first end point at the base 100
and an intermediate point between the first end pointand
the second end point; and a second curvature between
the intermediate point and the second end point of the
curved surface. The free form may be generally charac-
terized by the curved portion elongating in a direction of
the selected area (e.g., a street-side direction).

[0037] In some embodiments, the reflector 201 has a
reflective surface 201c with a linear segment or base
extending approximately perpendicularly from the base
100 up to a height corresponding to a top of the outer
surface 1110 of the lens 111. Extending from the linear
segment, the reflective surface 201c can extend further
with a curve toward the central axis of the LED. For ex-
ample, the curve can be characterized by a plurality of
points connected by curved line segments. The series of
curved segments each comprise a reflective surface and
a curvature having a profile of an arc segment of an el-
lipse, a parabolic curvature, a hyperbolic curve, or other
second or higher degree curve portions.

[0038] Referring to Figures 9A and 9B, the reflective
surface 201c of the reflector 201 can be characterized
by a first angle o, a second angle B, or both. The first
angle o is formed between the base 100 and a line 902
that extends between a distal end 901 (e.g., street side)
of the lens 111 furthest from the reflective surface 201¢c
and a distal end 903 of the reflective surface 201c located
overthelens 111. The second angle § is formed between
the base 100 and a line 912 that extends from a position
911 on the outer surface 1110 of the lens 111 that is
aligned with the optical axis 150a of the LED 150 and the
distal end 903 of the reflective surface 201c located over
the lens 111.

[0039] In some embodiments, the first angle a can be
in a range between 60° and 90° (e.g., between 60°-70°,
70°-80°, 80°-90° or other narrow ranges). In some em-
bodiments, greater angles may further enable the height
of the reflector to be decreased and/or may provide
sharper backlight cutoff.

[0040] In some embodiments, the second angle B can
be in a range between 70° and 130°. In some embodi-
ments, the reflector 201 that satisfies the first angle a,
the second angle B, or both facilitates a compact design,
while providing a desired cutoff of the backlight (e.g., light
directed toward the house side). For example, the reflec-
tive surface 201c of the reflector that satisfies the first
angle and the second angle conditions facilitates reduc-
ing a height of the reflector 201 required to cut toff the
backlight and also allows positioning of the LEDs 150
proximate to the reflective surface 201c so that the light
from the LEDs can be directed in a desired direction (e.g.,
street side). In other words, the first angle o and the sec-
ond angle B bring the distal end 903 of the reflective sur-
face 201c closer to the LEDs while facilitating cutoff of
the backlight (e.g., light directed toward the house side).
[0041] In some embodiments, referring to Figures 9A-
9C, the reflective surface 201c of the reflector 201 facil-
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itates compact design compared to a straight edge re-
flector 250 (see Figure 9C). For example, the reflective
surface 201c extends over the optical axis 150a of the
LED 150 which allows the beam emitting from the LED
and transmitted by the lens 111 to be cutoff close to the
lens 111 before the beam can spread. The height of the
reflective surface 201c can be H1. On the other hand, if
the straight edge reflector 250 is used, a height H2 of the
straight edge reflector 250 from the base 100 is needed
to intercept a beam 922 transmitted at the distal end 901
of the lens 111. Comparing Figures 9A and 9C shows
that the beam 922 in FIG. 9A is intercepted at the reflec-
tive surface 201c within a short distance. On the other
hand, the beam 922 in FIG. 9C needs to travels much
further before being intercepted by the straight edge re-
flector 250. Thus, the height H1 of the reflector 201 can
be substantially smaller than the height H2 of the straight
edge reflector 250 while still providing the desired back-
light cutoff ability. For example, the H1/H2 ratio may be
between 1/3 to 1/2. As such, using reflector 201 a more
compact illumination system (e.g., a luminaire) can be
designed.

[0042] In some embodiments, a reflector can have an
angular shape to light a corner space. In some embodi-
ments, as shown in Figures 10 and 11, a reflector 400
can be angular in shape comprising a first surface portion
401, a second surface portion 403 disposed at an angle
with the first surface portion 401, and a corner surface
portion 402 connecting the first surface portion 401 and
the second surface portion 401. The first surface portion
401 and the second surface portion 403 have surfaces
401c and 403c, respectively. The surfaces 401c and
403c can have similar structure as the reflective surface
201c of the reflector 201 discussed herein. The corner
surface portion 402 also has a surface 402c to direct the
light emitted towards a corner back to a desired direction
(e.g., streetside). In one embodiment, the surface portion
402 curves along multiple axes to connect the first sur-
face portion 401 and the second surface portion 403.
Likewise, the surface 402c of the surface portion 402
also curves along multiple axes (e.g., x and y axis in the
plane defined by the base 100) connecting the surfaces
401cand 403c and also further curves along another axis
(e.g., z axis perpendicular to the base 100) and extends
over the lens to at least partially cover the lens.

[0043] Figure 11 illustrates an exemplary corner opti-
cal assembly 40 comprising a plurality of corner reflectors
such as reflectors 400 and 410. At the corners of each
reflector 400 and 410, an LED 150 is located in each of
the lenses 111 and 112, respectively. The surfaces 401c,
402c and 403c of the reflector 400 face the LED 150 in
the lens 111. Similarly, the surfaces 411c,412cand 413c
of the reflector 410 face the LED 150 in the lens 112. The
optical assembly 40 includes additional similar corner re-
flectors, and lenses, although not numbered. As dis-
cussed herein, the reflectors 400 and 410, and lenses
111 and 112 of the optical assembly 40 can be installed
on the base 100. The base 100 along with the reflectors,
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lens, and LEDs can be further supported by a frame 450.
The frame 450 can provide a support structure for the
base and reflectors. The frame 450 can be further adapt-
ed to be installed in a casing of a luminaire.

[0044] Figure 12 illustrates an example luminaire 20
implementing an optical assembly 10. The optical as-
sembly 10 can be installed in a casing 50 coupled to a
pole 60. The pole 60 can be installed at the housing side
and the casing 50 can extend toward the streetora corner
desired to be illuminated. While not illustrated, the optical
assembly 40 may be incorporated into a luminaire, e.g.,
by replacing the optical assembly 10 of the luminaire 20
with the optical assembly 40.

[0045] The optical assemblies discussed herein can
be configured for various applications. For example, the
optical assembly can be used to illuminate a selected
area (e.g., a street) while cutting off and/or otherwise
preventing leakage of the light away from the selected
area (e.g., towards a house). For this purpose, the re-
flector can be curved as discussed herein. The optical
assembly can be oriented downwardly towards ground
such that the optical axes 150a of the LEDs 150 are ori-
ented in a general downward direction (e.g., see Figures
2 and 7B), and the curved surface of the reflector directs
the light toward a selected area (e.g., the street, a path-
way, or other indoor or outdoor areas). The reflector can
be configured as a corner reflector (e.g., see Figures
10-11) to direct light to a particular corner. In some em-
bodiments, the optical assembly can include a combina-
tion of curved reflectors (e.g., reflector 201) and corner
reflectors (e.g., 400). In some embodiments, the optical
axis 150a of the LEDs 150 can be oriented upward and
reflectors can be positioned to direct light to a particular
wall, porch, or an object of interest for decorative purpos-
es. Itcan be understood that the present application uses
aselected areaas astreettoillustrate the concepts. How-
ever, the present disclosure is not limited to a particular
application and the optical assembly may be configured
to direct light to any selected area or region that is indoor
(e.g., a wall inside a house) or outdoor (e.g., a street, a
walkway, a porch, etc.).

[0046] Figure 13 illustrates an optical assembly 500,
according to another embodiment. The optical assembly
500 may be similar to optical assembly 10 and may in-
clude any of the features described in relation to optical
assembly 10. Optical assembly 500 may include a base
502, a plurality of lenses 504 disposed on or coupled with
the base 502 so as to extend from and/or above the ex-
posed surface of the base, a plurality of light sources (not
shown) disposed in or behind the plurality of lenses 504,
and one or more reflectors 506 that each have a reflective
surface 508 (which may be similar to the reflective sur-
face 201) disposed adjacentto one or more of the plurality
of light sources and/or the plurality oflenses 504. In some
embodiments, the lenses 504 and/or light sources may
be arranged in one or more rows that are spaced apart
from one another. Each row of lenses 504 and/or light
sources may include one or more of the reflectors 506,
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with the reflective surface 508 of each reflector 506 ex-
tending from the base 502 and extending over at least a
portion of one or more of the lenses 504 and/or light
sources such as described previously with respect to re-
flectors 201.

[0047] Figures 14 and 15 illustrate top and bottom per-
spective views of the base 502 and lenses 504. As illus-
trated, the base 502 may be configured to prevent the
light from the LEDs from traveling in other directions than
the desired direction. For example, in some embodi-
ments, the base 502 may be configured to absorb atleast
90%, or greater of light incident thereon. In some em-
bodiments, the base 502 may be formed from and/or
coated with a light-absorbing material, such as a material
that contains a dark pigment that absorbs substantially
all light (e.g., absorbs at least 90). This may enable the
base 502 to absorb light directed toward the base 502 to
prevent and/or reduce the amount of light reflected by
the base 502, some of which may otherwise be reflected
in an undesired direction.

[0048] Thebase 502 may define a number of apertures
510, with each of the apertures 510 receiving a respective
one of the lenses 504 and/or light sources. For example,
each lens 504 may include a dome that extends from a
backside of the base 502 and extends at least partially
through a respective one of the apertures 510. As de-
scribed in relation to lenses 111-115, the dome may be
asymmetric along at least one axis that is parallel to the
base 502. Forexample, in some embodiments, each lens
504 may have an elliptical shape having a major axis and
a minor axis that extend in a direction parallel to the base
502. The dome of each lens 504 may protrude away from
the base 502 and may be asymmetric along the major
axis (or other axis that extends through the lens 504 and
the corresponding reflector 506). For example, a slope
of the dome may be greater on a reflector-side of the
dome than on an opposite surface along the major axis.
The light sources may be disposed closer to the reflector-
side of the dome in some embodiments, which may en-
able the corresponding reflector 506 to be positioned
closer to the light source to provide a sharper light cut off
angle.

[0049] In such embodiments, the light sources may in-
clude a number of LEDs that are provided on a printed
circuit board and/or other substrate. The lenses 504 may
be inserted through the apertures 510 of the base 502
from arear side of the base 502 such that the lenses 504
are sandwiched between the printed circuit board and
the base 502. By positioning the lenses 504 within aper-
tures 510 formed within the base 502, a surface area of
the base 502 that is exposed on the optical assembly
500 may be increased. When the base 502 is configured
to absorb substantially all light incident thereon, the in-
creased surface area may enable greater levels of light
directed toward the base 502 to be absorbed, and may
thereby help prevent light from being directed in an un-
desired direction. Such embodiments may enable the op-
tical assembly 500 to direct at least or about 95%, at least
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or about 96%, at least or about 97%, at least or about
98%, at least or about 99%, at least or about 99.5%, at
least or about 99.7%, or more of the light in a desired
direction (e.g., a street side), with less than about 5%,
less than about 4%, less than about 3%, less than about
2%, less than about 1%, less than about 0.5%, less than
0.3%, or less of the light being directed toward an unde-
sired (e.g., opposite) direction (e.g., a house side). A cut
off plane of the light (i.e., areference plane that separates
the desired direction from the undesired direction) may
be in vertical alignment with a rearmost (e.g., closest to
the undesired direction) light source and/or reflector of
the optical assembly. In other words, the light cutoff plane
(1) may extend through the optical axis of one or more
of the plurality of LEDs located within the optical assem-
bly at a location most distal from the desired direction
and (2) may extend parallel to the optical axis of those
one or more LEDs and perpendicular to the desired di-
rection.

[0050] In some embodiments, the base 502 may in-
clude a front surface 512 and a rear surface 514 that is
opposite the front surface 512. The reflectors 506 may
be disposed on the front surface 512. The rear surface
514 may define one or more recesses 516 that may re-
ceive the lenses 504. For example, the lenses 504 may
be provided as one or more strips and/or sheets of optical
material that may each include one or more rows of lens-
es 504. The strips of material may be inserted within the
recesses 516 to seat the lenses 504 within the apertures
510 defined within the base 502. In some embodiments,
a thickness of the strips of material may be substantially
the same as a depth of the recesses 516 such that arear
surface of each strip of material is substantially flush with
the rear surface 514 of the base 502. In the illustrated
embodiment, the base 502 defines two recesses 516 that
are parallel to one another. A strip of material containing
a first row of lenses 504 is inserted within a first of the
recesses 516 and a second strip of material containing
a second row of lenses 504 is inserted within a second
of the recesses 516. It will be appreciated that other ar-
rangements are possible in various embodiments. For
example, each lens 504 may be a separate component,
each sheet and/or strip of material may include multiple
rows of lenses 504, the lenses 504 may be arranged in
non-row arrays, and/or other variations are possible. Ad-
ditionally, some embodiments may include multiple bas-
es positioned side-by-side with one another.

[0051] In some embodiments, the rear surface 514 of
the base 502 may include one or more adhesive channels
520 for receiving adhesive to attach the lenses and/or
PCB (e.g., 160 in FIG. 4C) to the rear surface 514 of the
base 502. The adhesive channels 520 can contain the
adhesive within the channels so that the adhesive cannot
enter apertures/openings (e.g., openings 131-135inFIG.
4B) in the base 502 so as to detrimentally impact oper-
ation of the lenses 504 and/or LEDs. The adhesive chan-
nels 520 can extend along any length of the rear surface
514. The adhesive channels 520 can also extend along
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a width of the rear surface 514 towards the apertures
through which the lenses 504 can be disposed.

[0052] Testing was performed on a fixture with the op-
tical assemblies described in accordance with Figures
13-15 to determine the backlight cut off properties of the
fixture with optical assembly 500. The testing was per-
formed in accordance with the IES LM-79 standard dated
2019. Based on tested distribution, the lumen output of
the assembly was scaled to 20,000 lumen, and the ap-
plication layout was based on a mounting height of 20
feet. A cutoff plane 602 is a vertical plane that crosses
the optical center of the fixture (e.g., the plane that sep-
arates the street side and house side). The area that is
illustrated as being above the cutoff plane 602 is a desired
direction (e.g., the "street-side" or the forward direction
with regard to the fixture head and the pole, counting
from the optical center per IES LM-63). The area that is
illustrated as being lower than the cutoff plane 602 is an
undesired direction (e.g., the "house-side" or the back-
ward direction with regard to the fixture head and the
pole, counting from the optical center per IES LM-63-02
and LM-63-19). The fixture with optical assembly 500
produced the lighting application layout 600a as shown
in Figure 16. The optical assembly 500 directed 99.7%
of emitted light toward a desired direction (e.g., a street
side) relative to cutoff plane 602, while only 0.3% of the
emitted light was directed toward an undesired direction
(e.g., a house side) and achieved a BO backlight rating
up to 65,000 lumen pursuant to the IES LM-79 goniopho-
tometer test result. Lighting application layouts 600b-
600f illustrate the performance of several competitor fix-
tures at the same lumen output and same application
layout condition. The lighting fixture with optical assembly
500 produced better backlight control than each of the
tested competitor optical assemblies, the best of which
directed 2% of emitted light in the undesired direction.
The lighting fixture with optical assembly 500 also pro-
duced better illuminance uniformity and coverage area
compared to the competitor light fixtures. As illustrated
in Figure 16, the optical assembly provided more uniform
rectangular illuminance pattern on the target area that
extended along both length (e.g., orthogonal to plane
602) and width (e.g., along the 602) axes. For example,
as a lighting application layout illustrated in Figure 17,
lighting fixture with optical assembly 500 delivered 1 foot-
candle ("fc") of light to an area approximately 50 feet wide
and 60 feet long, 0.5 fc of light to an area approximately
60 feet wide and 68 feet long, and 0.1 fc of light to an
area approximately 95 feet wide and 95 feet long. When
positioned about an area to be illuminated (such as, but
not limited to, a parking lot), multiple fixtures including
optical assemblies 500 may provide better coverage (and
better backlight control) than the competitor optical as-
semblies, as illustrated in Figure 17. The light coverage
achieved by the fixtures with optical assemblies 500 is
shown in lighting application layout 700a, while the com-
petitor fixture coverage is illustrated in lighting application
layouts 700b-700f. The fixtures for testing were spaced
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1"

apart by 146 feet laterally (e.g., along the cutoff plane
602) and 151 feet lengthwise (e.g., for fixtures on oppo-
site sides of the area).

[0053] Simulations were performed on fixtures includ-
ing corner optical assemblies (such as those described
in relation to Figures 10 and 11) that include bases and
lenses similar to base 502 and lenses 504 described
herein. The simulations showed greater corner light con-
trol using such fixtures as compared to competitor corner
control fixtures as illustrated in the lighting application
layouts shown in Figure 18. Lighting application layout
800a illustrates the corner control provided by the fixture
including the corner optical assembly of the present in-
vention, while lighting application layouts 800b-800d il-
lustrate the performance of the competitor optical assem-
blies.

Examples

[0054] A collection of exemplary embodiments, includ-
ing at least some explicitly enumerated as "Examples”
providing additional description of a variety of example
types in accordance with the concepts described herein
are provided below. These examples are not meant to
be mutually exclusive, exhaustive, or restrictive; and the
present disclosure is not limited to these example exam-
ples but rather encompasses all possible modifications
and variations within the scope of the issued claims and
their equivalents.

[0055] Example 1. An optical assembly comprising: a
base; a plurality of lenses disposed on the base and
spaced from each other in a row, each lens having a
dome shape having a central axis perpendicular to a
plane of the base; a plurality of light emitting diodes
(LED), each LED being disposed between the base and
a respective lens of the plurality of lenses, each LED
having a central axis perpendicular to a plane of the LED,
the central axis of an LED being offset from the central
axis of the respective lens of the plurality of lenses; and
at least one reflector having a curved surface the at least
one reflector being disposed adjacent to at least one of
the plurality of LEDs such that the at least one of the
plurality of LEDs are at a first side of the at least one
reflector, the curved surface extending from the base and
curving over the at least one of the plurality of LEDs and
beyond the central axis of each of the at least one of the
plurality of LEDs, the curved surface being configured to
direct light emitted by the at least one of the plurality of
LEDs toward the first side and prevent the light from leak-
ing toward a second side of the at least one reflector that
is opposite the first side.

[0056] Example 2. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein each lens of the plurality of lenses de-
fines a cavity, and each LED of the plurality of LEDs is
disposed in a respective one of the cavities such that the
central axis of the LED is offset relative to a central axis
of the respective lens in a direction of the curved surface



21 EP 4 239 244 A1 22

of the at least one reflector.

[0057] Example 3. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the curved surface of the reflector has
a concave shape.

[0058] Example 4. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the curved surface of the reflector has
a parabolic shape extending from the base toward and
beyond the central axis of the plurality of LEDs.

[0059] Example 5. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the curved surface of the reflector has
a free form shape characterized by multiple curvatures
between end points of the curved surface, a first end
point being at the base and a second end point being
positioned above at least some of the plurality of lenses.
[0060] Example 6. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the free form shape comprises: a first
curvature between the first end point at the base and an
intermediate point between the first end point and the
second end point; and a second curvature between the
intermediate pointand the second end point of the curved
surface. Example 7. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the reflector is an elongated member
having a reflective coating on the curved surface.
[0061] Example 8. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the curved surface of the reflector is
characterized by at least one of: a first angle between a
first line and a plane of the base, the first line joining a
distal end of a lens furthest from the curved surface and
a distal end of the curved surface located over the lens,
and a second angle between a second line and the plane
of the base, the second line joining a point on the lens
located at the central axis of the LED and the distal end
of the curved surface located over the lens.

[0062] Example 9. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the first angle is in a range between 60°
and 90°.

[0063] Example 10. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the second angle is in a range between
70° and 130°. Example 11. The optical assembly of any
of the preceding or subsequent examples or combination
of examples, wherein the base comprises light absorbing
material or coating. Example 12. The optical assembly
of any of the preceding or subsequent examples or com-
bination of examples, wherein the plurality of lenses are
attached to the base by an adhesive. Example 13. The
optical assembly of any of the preceding or subsequent
examples or combination of examples, wherein: the plu-
rality of lenses comprises: a first plurality of lenses ar-
ranged in a first row; and a second plurality of lenses
arranged in a second row; and the plurality of LEDs com-
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prises: a first plurality of LEDs disposed in the first plu-
rality of lenses; and a second plurality of LEDs disposed
in the second plurality of lenses.

[0064] Example 14. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the at least one reflector comprises: a
first reflector disposed proximate to the first plurality of
lenses on an opposite side of the second plurality of lens-
es such that a curved surface of the first reflector extends
over the first plurality of lenses; and a second reflector
disposed between the first plurality of lenses and the sec-
ond plurality of lenses such that a curved surface of the
second reflector extends over the second plurality of
lenses.

[0065] Example 15. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the at least one reflector extends along
a single lens of the plurality of lenses.

[0066] Example 16. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the atleast one reflector has an angular
shape comprising a first curved surface portion, a second
curved surface portion disposed at an angle with the first
curved surface portion, and a corner portion between the
first curved surface portion and the second curved sur-
face portion, the corner portion having a curved surface
extending along multiple axes.

[0067] Example 17. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the curved surface of the corner portion
of the at least one reflector curves between the first
curved surface portion and the second curved surface
portion, and also curves in a plane perpendicular to the
base.

[0068] Example 18. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein a lens of the plurality of lenses is located
at the corner such that the curved surface of the corner
portion curves at least partially over the lens.

[0069] Example 19. An luminaire configured to illumi-
nate a selected area, the luminaire comprising: a base;
a plurality of lenses disposed on the base and spaced
from each other in a row, each lens having a dome shape
having a central axis perpendicularto aplane of the base;
a plurality of light emitting diodes (LED) disposed be-
tween the base and a respective lens of the plurality of
lenses, each LED having a central axis perpendicular to
aplane ofthe LED, the central axis of an LED being offset
from the central axis of a respective lens of the plurality
of lenses; at least one reflector having a curved surface,
the at least one reflector being disposed proximate to at
least one of the plurality of LEDs such that the at least
one of the plurality of LEDs are at a first side of the at
least one reflector, the curved surface extending from a
surface of the base and curving over the at least one of
the plurality of LEDs and beyond the central axis of each
of the at least one of the plurality of LEDs, the curved
surface being configured to direct light emitted by the at
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least one of the plurality of LEDs toward the first side and
prevent the light from leaking toward a second side of
the at least one reflector that is opposite the first side;
and a frame supporting the base and the at least one
reflector, the frame being oriented such that the curved
surface of the at least one reflector curves toward the
selected area to direct the light from the at least one of
the plurality of LEDs toward a selected area and prevent
light from leaking in a direction that is away from the se-
lected area.

[0070] Example 20. The luminaire of any of the pre-
ceding or subsequent examples or combination of exam-
ples, wherein the curved surface of the reflector has at
least one of: a concave shape; a parabolic shape extend-
ing from the base toward and beyond the central axis of
the plurality of LEDs; or a free form shape characterized
by multiple curvatures between end points of the curved
surface, a first end point being at the base and a second
end point being positioned above at least some of the
plurality of lenses.

[0071] Example 21. An optical assembly comprising:
a base comprising a first surface, a second surface op-
posite the first surface, and a plurality of apertures ex-
tending through the base from the first surface to the
second surface; a plurality of lenses coupled to the base,
each of the lenses having a lens central axis perpendic-
ular to a plane of the base, wherein each lens is attached
to the second surface of the base and extends at least
partially through a respective one of the plurality of ap-
ertures so as to be at least partially exposed on the first
surface of the base; a plurality of light emitting diodes
(LEDs), each of the LEDs positioned to emit light into a
respective one of the plurality of lenses, each ofthe LEDs
having an optical axis; and atleast one reflector disposed
adjacent to at least one of the LEDs such that the at least
one of the LEDs is at a first side of the at least one re-
flector, wherein: the at least one reflector comprises a
first end proximate the base, a second end opposite the
first end, and a reflective surface extending at least par-
tially between the first end and the second end, the re-
flector extending from the base over the at least one of
the LEDs such that the second end of the reflector ex-
tends beyond the optical axis of that at least one of the
LEDs; and the reflective surface is configured to direct
light emitted by the at least one of the LEDs toward the
first side and preventthe emitted light from leaking toward
a second side of the at least one reflector that is opposite
the first side, wherein the optical axis of the at least one
of the LEDs is laterally offset from the lens central axis
of the respective one of the lenses in a direction toward
the first end of the reflector so as to be located more
proximate the first end of the reflector than the lens cen-
tral axis.

[0072] Example 22. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: each of the lenses defines a cavity, and
each of the LEDs seats within a respective one of the
cavities.
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[0073] Example 23. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the reflective surface of the atleastone
reflector has at least one of a concave shape or a para-
bolic shape.

[0074] Example 24. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: each of the LEDs is aligned with a re-
spective one of the plurality of apertures.

[0075] Example 25. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the first surface of the base is config-
ured to absorb at least 90% of emitted light incident on
the first surface.

[0076] Example 26. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the first surface of the base comprises
a light absorbing material or coating.

[0077] Example 27. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the reflector comprises a light absorbing
material or coating on a side of the reflector opposite the
reflective surface.

[0078] Example 28. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the reflective surface is acurved surface
characterized by at least one of: a first angle between a
first line and a plane of the base, the first line joining a
distal end of a lens furthest laterally from the first end of
the reflector and the second end of the reflector located
over the lens; and a second angle between a second line
and the plane of the base, the second line joining a point
on the lens located at the optical axis of the LED and the
second end of the reflector located over the lens.
[0079] Example 29. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the first angle is in a range between 60°
and 90°.

[0080] Example 30. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the second angle is in a range between
70° and 130°.

[0081] Example 31. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the reflective surface comprises one or
more linear segments.

[0082] Example 32. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the plurality of lenses is coupled to the
base with adhesive, and wherein the second surface of
the base defines channels for the adhesive.

[0083] Example 33. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: each of the lenses comprises a dome
that extends through the respective one of the plurality
of apertures; and the dome is asymmetric along at least
one axis that is parallel to the base.

[0084] Example 34. The optical assembly of any of the
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preceding or subsequent examples or combination of ex-
amples, wherein the second surface of the base defines
at least one recess and wherein the plurality of lenses
are seated within the at least one recess.

[0085] Example 35. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the at least one recess comprises a
first recess and a second recess that extend parallel to
each other; the plurality of lenses comprise a first row of
lenses and a second row of lenses; the first row of lenses
is disposed within the first recess; and the second row
of lenses is disposed within the second recess.

[0086] Example 36. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the plurality of LEDs are provided on a
substrate; and the plurality of lenses are sandwiched be-
tween the substrate and the base.

[0087] Example 37. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: each of the lenses comprises a first
side most proximate the at least one reflector and a sec-
ond side opposite the first side; and each of the LEDs is
disposed closer to the first side than the second side of
a respective one of the plurality of lenses.

[0088] Example 38. An optical assembly comprising:
a plurality of lenses, each of the lenses having a lens
central axis; a plurality of light emitting diodes (LEDs),
each of the LEDs oriented to emit light into a respective
one of the plurality of lenses, each of the LEDs having
an optical axis; and at least one reflector disposed adja-
cent to at least one of the LEDs such that the atleast one
of the LEDs is at a first side of the at least one reflector,
wherein: the atleast one reflector has a reflective surface
extending over the at least one of the LEDs and beyond
the optical axis; and the optical axis of the at least one
of the LEDs is laterally offset from the lens central axis
of the respective one of the lenses in a direction toward
the at least one reflector so as to be located more prox-
imate the at least one reflector than the lens central axis,
wherein the LEDs are configured to emit light from the
optical assembly and wherein the optical assembly is
configured to direct at least 95% of the emitted light in a
first direction relative to a light cutoff plane (1) that ex-
tends through the optical axis of one or more of the plu-
rality of LEDs located within the optical assembly at a
location most distal from the first direction and (2) that
extends parallel to the optical axis and perpendicular to
the first direction.

[0089] Example 39. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, further comprising: a base defining a plurality of
apertures, wherein each of the lenses extends through
a respective one of the plurality of apertures so as to be
visible on a first surface of the base.

[0090] Example 40. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the plurality of LEDs are provided on a
substrate; and the substrate is configured to absorb at
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least 90% of light incident on the substrate.

[0091] Example 41. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the reflective surface comprises a
curved surface.

[0092] Example 42. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, further comprising: a base, wherein the at least
one reflector is coupled with the base.

[0093] Example 43. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the plurality of lenses are arranged in
a plurality of rows; the at least one reflector comprises a
plurality of reflectors; and at least one of the plurality of
reflectors extends between adjacent rows of the plurality
of rows of lenses.

[0094] Example 44. An optical assembly comprising:
a plurality of lenses, each of the lenses having a dome
shape portion and a lens central axis; a plurality of light
emitting diodes (LEDs), each of the LEDs oriented to emit
light into a respective one of the plurality of lenses and
each of the LEDs having an optical axis; and at least one
reflector disposed adjacent to at least one of the LEDs
such that the at least one of the LEDs is at a first side of
the atleast one reflector, wherein the atleast one reflector
has a reflective surface extending over the at least one
of the LEDs and beyond the optical axis of the at least
one of the LEDs and wherein the optical axis of the at
least one of the LEDs is laterally offset from the lens
central axis of the respective one of the lenses in a di-
rection toward the atleast onereflector so as to be located
more proximate the at least one reflector than the lens
central axis, wherein the optical assembly comprises a
surface from which the dome shape portions of the plu-
rality of lenses extend and wherein the surface is config-
ured to absorb at least 90% of light incident on the sur-
face.

[0095] Example 45. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein surface comprises a lightabsorbing ma-
terial or coating.

[0096] Example 46. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the plurality of LEDs are provided on a
substrate comprising the surface.

[0097] Example 47. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the plurality of lenses are coupled to a
base and the base comprises the surface.

[0098] Example 48. A luminaire configured to illumi-
nate a selected area, the luminaire comprising: an optical
assembly comprising: a base comprising a first surface,
asecond surface opposite the first surface, and a plurality
of apertures extending through the base from the first
surface to the second surface; a plurality of lenses cou-
pled to the base, each of the lenses having a lens central
axis perpendicular to a plane of the base, wherein each
lens is attached to the second surface of the base and
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extends at least partially through a respective one of the
plurality of apertures so as to be at least partially exposed
on the first surface of the base; a plurality of light emitting
diodes (LEDs), each of the LEDs positioned to emit light
into a respective one of the plurality of lenses, each of
the LEDs having an optical axis; and at least one reflector
disposed adjacent to at least one of the LEDs such that
the atleast one of the LEDs is at a first side of the at least
one reflector, wherein: the at least one reflector compris-
es a first end proximate the base, a second end opposite
the first end, and a reflective surface extending at least
partially between the first end and the second end, the
reflector extending from the base over the at least one
of the LEDs such that the second end of the reflector
extends beyond the optical axis of that at least one of the
LEDs; and the reflective surface is configured to direct
light emitted by the at least one of the LEDs toward the
first side and preventthe emitted light from leaking toward
a second side of the at least one reflector that is opposite
the first side, wherein the optical axis of the at least one
of the LEDs is laterally offset from the lens central axis
of the respective one of the lenses in a direction toward
the first end of the reflector so as to be located more
proximate the first end of the reflector than the lens cen-
tral axis; and a frame receiving the optical assembly, the
frame being oriented such that the at least one reflector
directs light from the at least one of the LEDs toward the
selected area and prevent light from leaking in a direction
that is away from the selected area.

[0099] Example 49. The luminaire of any of the pre-
ceding examples or combination of examples, wherein
the reflective surface is a curved surface of the reflector,
the curved surface comprising at least one of: a concave
shape; a parabolic shape extending from the base toward
and beyond the optical axis of the one of the plurality of
LEDs; or a free form shape characterized by multiple
curvatures between end points of the curved surface, a
first end point being at the base and a second end point
being positioned above at least some of the plurality of
lenses.

[0100] Example 50. An optical assembly comprising:
a base comprising a first surface; a plurality of lenses
provided on the first surface of the base, each lens having
a dome shape having a central axis perpendicular to a
plane of the base; a plurality of light emitting diodes
(LED), each LED positioned to emit lightinto a respective
lens of the plurality of lenses, each LED having a central
axis perpendicular to a plane of the LED, the central axis
of an LED being offset from the central axis of the re-
spective lens of the plurality of lenses; and at least one
reflector extending from the base and having a curved
surface, the at least one reflector being disposed adja-
cent to at least one of the plurality of LEDs such that the
at least one of the plurality of LEDs is at a first side of the
at least one reflector, the curved surface extending from
the base and curving over the at least one of the plurality
of LEDs and beyond the central axis of the at least one
of the plurality of LEDs, the curved surface being config-
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ured to direct light emitted by the at least one of the plu-
rality of LEDs toward the first side and prevent the emitted
light from leaking toward a second side of the at least
one reflector that is opposite the first side.

[0101] Example 51. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein each lens of the plurality of lenses de-
fines a cavity, and each LED of the plurality of LEDs is
disposed in the cavity of the respective lens such that
the central axis of the LED is offset relative to a central
axis of the respective lens in adirection toward the curved
surface of the at least one reflector.

[0102] Example 52. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the curved surface of the reflector has
at least one of: a concave shape; a parabolic shape ex-
tending from the base toward and beyond the central axis
of the at least one of the plurality of LEDs; or a free form
shape characterized by multiple curvatures between end
points of the curved surface, a first end point being at the
base and a second end point being positioned above at
least some of the plurality of lenses.

[0103] Example 53. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the free form shape comprises: a first
curvature between the first end point at the base and an
intermediate point between the first end point and the
second end point; and a second curvature between the
intermediate point and the second end point of the curved
surface.

[0104] Example 54. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the curved surface of the reflector is
characterized by at least one of: a first angle between a
first line and a plane of the base, the first line joining a
distal end of a lens furthest laterally from the reflector at
the base and a distal end of the reflector located over the
lens, and a second angle between a second line and the
plane of the base, the second line joining a point on the
lens located at the central axis of the LED and the distal
end of the reflector located over the lens.

[0105] Example 55. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the first angle is in a range between 60°
and 90° or wherein the second angle is in a range be-
tween 70° and 130°.

[0106] Example 56. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the first surface of the base is configured
to absorb at least 90% of emitted light incident on the
first surface.

[0107] Example 57. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the first surface of the base comprises
a light absorbing material or coating.

[0108] Example 58. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the base further comprises a second
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surface opposite the first surface and a plurality of aper-
tures extending through the base from the first surface
to the second surface, wherein each of the plurality of
lenses extends at least partially through a respective one
of the plurality of apertures so as to be provided on the
first surface of the base.

[0109] Example 59. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the plurality of lenses is attached to the
base with an adhesive.

[0110] Example 60. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the plurality of lenses comprises a first
plurality of lenses arranged in a first row and a second
plurality of lenses arranged in a second row; and the plu-
rality of LEDs comprises a first plurality of LEDs disposed
in the first plurality of lenses and a second plurality of
LEDs disposed in the second plurality of lenses.

[0111] Example 61. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the at least one reflector comprises: a
first reflector disposed proximate to the first plurality of
lenses such that a curved surface of the first reflector
extends over the first plurality of lenses; and a second
reflector disposed between the first plurality of lenses
and the second plurality of lenses such that a curved
surface of the second reflector extends over the second
plurality of lenses.

[0112] Example 62. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein the at least one reflector extends along
a single lens of the plurality of lenses.

[0113] Example 63. The optical assembly of any of the
preceding or subsequent examples or combination of ex-
amples, wherein: the at least one reflector has an angular
shape comprising afirst curved surface portion, a second
curved surface portion disposed at an angle with the first
curved surface portion, and a corner portion between the
first curved surface portion and the second curved sur-
face portion, the corner portion having a curved surface
extending along multiple axes;

the curved surface of the corner portion of the at least
one reflector curves between the first curved surface por-
tion and the second curved surface portion, and also
curves in a plane perpendicular to the base; and a lens
of the plurality of lenses is located at the corner such that
the curved surface of the corner portion curves at least
partially over the lens.

[0114] Example 64. A luminaire configured to illumi-
nate a selected area and comprising: the optical assem-
bly of any preceding claim; and a frame supporting the
optical assembly, the frame being oriented such that the
curved surface of the at least one reflector curves toward
the selected area to direct the light from the at least one
of the plurality of LEDs toward the selected area and
prevent light from leaking in a direction that is away from
the selected area.

[0115] Different arrangements of the components de-
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picted in the drawings or described above, as well as
components and steps not shown or described are pos-
sible. Similarly, some features and subcombinations are
useful and may be employed without reference to other
features and subcombinations.

[0116] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the presentdisclosures. Indeed, the novel meth-
ods, apparatuses and systems described herein can be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
methods, apparatuses and systems described herein
can be made without departing from the spirit of the
present disclosures. The accompanying claims and their
equivalents are intended to cover such forms or modifi-
cations as would fall within the scope and spirit of the
present disclosures.

Claims
1. An optical assembly comprising:

a base comprising a first surface;

a plurality of lenses provided on the first surface
of the base, each lens having a dome shape
having a central axis perpendicular to a plane
of the base;

a plurality of light emitting diodes (LED), each
LED positioned to emit light into a respective
lens of the plurality of lenses, each LED having
a central axis perpendicular to a plane of the
LED, the central axis of an LED being offset from
the central axis of the respective lens of the plu-
rality of lenses; and

at least one reflector extending from the base
and having a curved surface, the at least one
reflector being disposed adjacent to at least one
of the plurality of LEDs such that the atleastone
of the plurality of LEDs is at a first side of the at
least one reflector, the curved surface extending
from the base and curving over the at least one
of the plurality of LEDs and beyond the central
axis of the at least one of the plurality of LEDs,
the curved surface being configured to direct
light emitted by the at least one of the plurality
of LEDs toward the first side and prevent the
emitted light from leaking toward a second side
of the at least one reflector that is opposite the
first side.

2. The optical assembly of claim 1, wherein each lens
of the plurality of lenses defines a cavity, and each
LED of the plurality of LEDs is disposed in the cavity
of the respective lens such that the central axis of
the LED is offset relative to a central axis of the re-
spective lensin a direction toward the curved surface
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of the at least one reflector.

3. The optical assembly of claim 1 or claim 2, wherein

the curved surface of the reflector has atleast one of:

a concave shape;

a parabolic shape extending from the base to-
ward and beyond the central axis of the at least
one of the plurality of LEDs; or

a free form shape characterized by multiple
curvatures between end points of the curved
surface, a first end point being at the base and
a second end point being positioned above at
least some of the plurality of lenses.

4. The optical assembly of claim 3, wherein the free

form shape comprises:

a first curvature between the first end point at
the base and an intermediate point between the
first end point and the second end point; and

a second curvature between the intermediate
point and the second end point of the curved
surface.

The optical assembly of any preceding claim, where-
in the curved surface of the reflector is character-
ized by at least one of:

a first angle between a first line and a plane of
the base, the first line joining a distal end of a
lens furthest laterally from the reflector at the
base and a distal end of the reflector located
over the lens, and

a second angle between a second line and the
plane of the base, the second line joining a point
on the lens located at the central axis of the LED
and the distal end of the reflector located over
the lens.

The optical assembly of claim 5, wherein the first
angle is in a range between 60° and 90° or wherein
the second angleis in arange between 70° and 130°.

The optical assembly of any preceding claim, where-
in the first surface of the base is configured to absorb
at least 90% of emitted light incident on the first sur-
face.

The optical assembly of any preceding claim, where-
in the first surface of the base comprises a light ab-
sorbing material or coating.

The optical assembly of any preceding claim, where-
in the base further comprises a second surface op-
posite the first surface and a plurality of apertures
extending through the base from the first surface to
the second surface, wherein each of the plurality of
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10.

1.

12.

13.

14.

15.

lenses extends at least partially through a respective
one of the plurality of apertures so as to be provided
on the first surface of the base.

The optical assembly of any preceding claim, where-
in the plurality of lenses is attached to the base with
an adhesive.

The optical assembly of any preceding claim, where-
in:

the plurality of lenses comprises a first plurality
of lenses arranged in a first row and a second
plurality of lenses arranged in a second row; and
the plurality of LEDs comprises a first plurality
of LEDs disposed in the first plurality of lenses
and a second plurality of LEDs disposed in the
second plurality of lenses.

The optical assembly of claim 11, wherein the atleast
one reflector comprises:

a first reflector disposed proximate to the first
plurality of lenses such that a curved surface of
the first reflector extends over the first plurality
of lenses; and

a second reflector disposed between the first
plurality of lenses and the second plurality of
lenses such that a curved surface of the second
reflector extends over the second plurality of
lenses.

The optical assembly of any preceding claim, where-
in the at least one reflector extends along a single
lens of the plurality of lenses.

The optical assembly of any preceding claim, where-
in:

the at least one reflector has an angular shape
comprising a first curved surface portion, a sec-
ond curved surface portion disposed at an angle
with the first curved surface portion, and a corner
portion between the first curved surface portion
and the second curved surface portion, the cor-
ner portion having a curved surface extending
along multiple axes;

the curved surface of the corner portion of the
at least one reflector curves between the first
curved surface portion and the second curved
surface portion, and also curves in a plane per-
pendicular to the base; and

a lens of the plurality of lenses is located at the
corner such thatthe curved surface of the corner
portion curves at least partially over the lens.

A luminaire configured to illuminate a selected area
and comprising:
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the optical assembly of any preceding claim; and
a frame supporting the optical assembly, the
frame being oriented such that the curved sur-
face of the at least one reflector curves toward
the selected area to direct the light from the at
least one of the plurality of LEDs toward the se-
lected area and prevent light from leaking in a
direction that is away from the selected area.
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