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primary optics disposed relative to the light source and configured to re-
flect light generated by the light source towards a target region. The optical
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block light generated by the light source from illuminating a region out-
side the target region.
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INTEGRATED LOUVRES FOR BEAM CONTROL IN AN LED LIGHTING DEVICE

BACKGROUND

[0001] Light emitting diodes (LEDs) are commonly used in lighting devices or
luminaires—for example in the architectural lighting industry in stores, offices and businesses as
well as in the entertainment industry in theatres, television studios, concerts, theme parks, night
clubs and other venues. Some typical optical devices used in HID luminaires include reflectors,
lenses, visors, or the like and are designed to reflect, collimate, block, or otherwise direct light so
to produce the desired beam pattern at or near the target arca. For example, a well-known way to
light large arcas cconomically is to erect several poles at spaced positions around the arca to be
lighted, and clevating one or more bowl-shaped reflectors, each surrounding a luminaire
including multiple LEDs. By appropriate design and aiming of the bowl-shaped reflectors and
LED placement and design of the fixtures, the beams can be directed from various directions to
compositely light the target area in a relatively uniform manner.

[0002] However, to achieve the type of light levels that are required for outdoor spaces
such as baseball, football fields, music arenas, etc., relatively powerful light sources are required,
and simply adjusting the direction of the light beam does not control spill light or glare resulting
in the lighting of undesired arcas. For example, a homeowner across the street from the sports
ficld may have issues with the spill light, and spectators sitting in the bleachers may be subjected
to unwanted glare. Such spill light is wasteful (necessitates generation of greater amounts of light
to meet the lighting requirements in the target arca), a potential nuisance, and/or may be
hazardous (e.g., to drivers on a road adjacent to target arca).

[0003] Existing luminaires control the spill light somewhat by varying the reflector

design or other optical components of the luminaire and/or the mounting orientation. However,
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existing reflectors provide a uniform beam spread and direction around the periphery of the
luminaire with no ability to configure or modify the beam spread in order to avoid lighting
desired arcas. Furthermore, typical LED fixtures having multiple small light sources (e.g., LED
modules) function similarly. Each small light source has an optic (reflective or refractive lens)
which creates a particular beam pattern that the beam from the fixture is simply a brighter
version of a single beam. However, this also requires controlling the beam direction of each
small light source.
[0004] A light fixture which provides a beam pattern that is more easily varied and

controlled is therefore useful and desirable in the lighting industry. This document describes

lighting fixture that are directed to solving the issues described above, and/or other problems.

SUMMARY

[0005] An optical structure for controlling distribution of light generated by a light
source is disclosed. The optical structure may include a primary optics disposed relative to the
light source and configured to reflect light generated by the light source towards a target region.
The optical structure may also include a secondary optics disposed and aligned relative to the
primary optics. The secondary optics may be configured to at least partially block light generated
by the light source from illuminating a region outside the target region.

[0006] In certain scenarios, the primary optics may include a parabolic shaped reflector,
with the light source positioned at the focal point. Optionally, the primary optics may also
include a visor attached to an outer periphery of the parabolic shaped reflector that is configured
to prevent spillage of light in a second region outside the target region.

[0007] In one or more scenarios, secondary optics may be an arc shaped visor that

comprises: at least one reflective surface facing the light source or at least one biased surface
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facing the light source. Optionally, the secondary optics may be attached to the primary optics
via a pair of hinges that allow for adjustment of orientation of the secondary optics. The
secondary optics may be attached to the primary optics in an upper half portion. In such
scenarios, the target region may include a first target region and a second target region separated
by the region outside the target region, and the secondary optics may be oriented to block light
generated by the light source from illuminating the region outside the target region. The light
generated by the light source may still be allowed to reach the first target region and the second
target region.

[0008] In at least one scenario, the secondary optics may be manufactured using optically
reflective silicone.

[0009] In one or more scenarios, the secondary optics may include one or more
concentric rings, cach including at least one reflective surface or at least one biased surface.
Optionally, the secondary optics may be configured to provide a bull’s eye type light
distribution.

[0010] In other scenarios, the secondary optics may include one or more half circle rings,
cach including at least one reflective surface or at least one biased surface.

[0011] In some other scenarios, the secondary optics may include one or more straight
panels disposed inside a circular ring.

[0012] In at least one scenario, one or more properties of the secondary optics may be
configured based on a desired cut-off angle for at least partially blocking light generated by the
light source from illuminating the region outside the target region. The one or more properties
may include: tilt, orientation, dimensions, relative position, size, reflectivity, biasing, shape, or

the like.
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[0013] In some scenarios, a lighting device may include the above optical structure for
controlling distribution of light generated by a light source of the lighting device.

[0014] Optionally, the lighting source may include a linear arrangement of a plurality of
light emitting devices (LEDs). Each of the plurality of LEDs have a corresponding cut-off angle
for at least partially blocking light generated by that LED from illuminating a corresponding
region outside the target region.

[0015] In some scenarios, the light source may include a plurality of light emitting
devices (LEDs) arranged in two or more concentric circles. The secondary optics may be
oriented such that it will block light generated by at least one of the concentric circles from
illuminating the region outside the target region while allowing light generated by another one of

the concentric circles to reach the region outside the target region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 illustrates a perspective view of an example lighting device.

[0017] FIG. 2A illustrates a perspective view of an example lighting module for a
lighting device such as that of FIG. 1.

[0018] FIG. 2B illustrates an exploded view of the lighting module of FIG. 2A .

[0019] FIG. 2C is a ray diagram illustrating various light rays emitted from the lighting
module of FIG. 2A.

[0020] FIGS. 3A illustrates a front perspective of an example embodiment of a lighting
device.

[0021] FIGS. 3B is a ray diagram illustrating various light rays emitted from a lighting

module of FIG. 3A.
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[0022] FIGS. 3C illustrates a front perspective of an example embodiment of a lighting
device.

[0023] FIGS. 3D is a ray diagram illustrating various light rays emitted from a lighting
module of FIG. 3C.

[0024] FIGS. 3E illustrates a front perspective of an example embodiment of a lighting
device.

[0025] FIGS. 3F is a ray diagram illustrating various light rays emitted from a lighting
module of FIG. 3E.

[0026] FIG. 4 is a ray diagram illustrating a light distribution on a target arca from a
lighting module of FIG. 1.

[0027] FIG. 5A illustrates an example light source including a linear arrangement.

[0028] FIG. 5B is a ray diagram illustrating various light rays emitted from the light
source of FIG. 5A.

[0029] FIG. 5C is a ray diagram illustrating various light rays emitted from a light source
comprising a circular arrangement.

[0030] FIGS. 6A and 6B illustrate adjustment of cut-off angle based on horizontal and
vertical light distribution requirements.

[0031] FIG. 7 depicts an example of internal hardware that may be used to contain or

implement the various processes and systems as described in this disclosure.

DETAILED DESCRIPTION
[0032] As used in this document, the singular forms “a,” “an,” and “the” include plural

references unless the context clearly dictates otherwise. Unless defined otherwise, all technical

and scientific terms used herein have the same meanings as commonly understood by one of
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ordinary skill in the art. As used in this document, the term “comprising” means “including, but
not limited to.”

2% CC

[0033] When used in this document, terms such as “top” and “bottom,” “upper” and
“lower”, or “front” and “rear,” are not intended to have absolute orientations but are instead
intended to describe relative positions of various components with respect to each other. For
example, a first component may be an “upper” component and a second component may be a
“lower” component when a light fixture is oriented in a first direction. The relative orientations
of the components may be reversed, or the components may be on the same plane, if the
orientation of a light fixture that contains the components is changed. The claims are intended to
include all orientations of a device containing such components.

[0034] FIG. 1 illustrates an example of one embodiment of a lighting device 100 that
may include a various lighting modules. As shown in FIG. 1, the lighting device 100 includes a
housing 101 that encases various components of the lighting device 100. The housing 101
includes an opening in which an optical radiation source, such as any number of lighting
modules 110 that include LEDs 111 fitted with an optical arrangement 102 are included. Any
number of lighting modules 110, such as one, two, three, four, five or more, sufficient to provide
a high intensity LED device, may be positioned within the opening in any configuration. In
various embodiments, a lighting device may include multiple types of lighting modules. For
example, a lighting device may include a first type of lighting module having LEDs that are
configured to selectably emit white light of various color temperatures, along with a second type
of lighting module having LEDs that are configured to selectably emit light of various colors.

[0035] The device's housing 101 may include a body portion that serves as a heat sink for

dissipating heat that is gencrated by the LEDs. The body/heat sink may be formed of aluminum
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and/or other metal, plastic or other material, and it may include any number of fins on the
exterior to increase its surface arca that will contact a surrounding cooling medium (typically,
air). Thus, the body portion may have a bowl shape, the lighting modules 110 may fit within the
opening of the bowl, and heat from the LEDs may be drawn away from the lighting modules 110
and dissipated via the fins on the exterior of the housing 101. Other shapes, such as the football-
shape shown, or a square, circle, oval, diamond, rectangle, or the like are within the scope of this
disclosure.

[0036] While the lighting modules 110 are positioned at one side of the body, the
opposing side of the body may include or be connected to a power supply (not shown here). The
power supply may include a battery, solar panel, or circuitry to receive power from an external
and/or other internal source. The external housing of the power supply also may include fins to
help dissipate heat from the power supply. Power wiring may be positioned within the body to
direct power from the power supply to the LEDs.

[0037] The housing 101 also may include a controller (such as a processor and memory
with programming instructions, an application-specific integrated circuit or a system-on-a-chip)
configured to selectively control which groups of LEDs in the LED modules are to receive
power, and to vary the power delivered to the LEDs by methods such as pulse width modulation.
The housing 101 may be attached to a support structure, such as a base or mounting yoke,
optionally by one or more connectors.

[0038] One or more control circuits (such as control cards) may be positioned under,
adjacent to or otherwise near the LEDs to provide power to each LED set. The LEDs to which
power is supplied may be selectively controlled by control circuitry such as that described below

in this document. The control card may include a supporting substrate made of a material such as
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fiberglass, and a non-transitory computable-readable memory for storing programming
instructions and/or monitored data and/or operational history data, one or more processors, a
field programmable gate array (FPGA), application specific integrated circuit (ASIC) or other
integrated circuit structures, and a received for receiving control signals from an external
transmitter.

[0039] FIG. 2A illustrates an enlarged view of a lighting module 110, and FIG. 2B
illustrates an exploded view of a lighting module 110. As shown in FIGS. 2A and 2B, cach
lighting module 110 includes a light source 111 fitted with an optical arrangement 102. In an
embodiment, optical arrangement 102 includes a primary optics 112(a) and a secondary optics
112(b). It should be noted that while the primary optics 112(a) is illustrated as an individual
structure per lighting module, it may be configured as a single picce array of multiple primary
opticss to be paired with an array of multiple LED modules.

[0040] As shown in FIG. 2B, each light source 111 includes a substrate 130 on which
one or more LEDs or LED dies 131 (c.g., chip-on board (COB)) are positioned (e.g., under a
common lens), to emit light away from the lighting device 100. In addition, the substrate 130
may be of any shape, such as a square, circle, oval, diamond, rectangle, or any other shape. The
LEDs 131 (or multiple dies) may be subgrouped so that each subgroup is wired to operate as one
clectrical device with two contacts, irrespective of the number of dies or LEDs. In various
embodiments, a light source 111 may include a single LED die of a single color or a group of
LED dies of the same or differing colors. For example, a light source 111 may include one each
of ared, green, blue and white dies. While not shown in FIGS. 2A and 2B, the light source 111
may also one or more lens or other optical elements configured to control the beam angle, stray

light, color fringing, or other optical characteristics of light emitted by of the lighting module
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110. Various conductors and/or electronic devices, and lenses for the LED sets, may be mounted
on the substrate 130. For example, a set of module-level conductors 132 may be connected to
the lighting device’s power source (via a controller) and ground. Each module-level conductor
may be connected to one of the conductive elements for each LED set (described below) to
selectively deliver current to one of the LED sections in each LED set.

[0041] In one or more embodiments, optical arrangement 102 includes a primary optics
112(a) and a secondary optics 112(b). The primary optics 112(a) may be an optical structure that
partially or completely surrounds the light source 111 and is configured to control one or more
characteristics of the light emitted by the light source 111. For example, the primary optics
112(a) may control various light beam characteristics from the lighting module 110 such as,
without limitation, beam shape, direction, spread, quality, or the like. The primary optics 112(a)
may also protect the light source 111 from environmental conditions such as dust, debris, water,
sports balls, or the like. The height, shape, width and/or other dimensions of various components
the primary optics 112(a) may be configured to control various light beam characteristics from
the lighting module 110 and the lighting device 100.

[0042] Examples of optical structure 112(a) may include optical elements such as,
without limitation, reflectors, lens, refractors, prisms, or combinations thereof, and designed to
provide the required optical characteristics of light. In certain embodiments, the optical structure
112(a) may be configured to provide total internal refection (TIR). The primary optics 112(a)
may be configured in one or more of shapes such as, without limitation, parabolic, hyperbolic,
planar, elliptical, an arc of a circle or other curved or segmented cross-section or other shape as
would be readily understood by a person skilled in the art. In one or more embodiments, the

primary optics 112(a) may be constructed from two or more pieces joined together (e.g., two half
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parabolic structures joined along a central axis). Alternatively, the primary optics 112(a) may be
a single piece structure.

[0043] For example, as shown in FIGS. 2A and 2B, the primary optics 112(a) includes a
polished parabolic shaped reflector as an optical element (single piece or multiple piece). The
parabolic shaped reflector surrounds the light source 111, and the light source 111 is placed
proximately to the focus of the parabolic shape. The parabolic shaped reflector 112(a) has a
parabolic reflective surface that collimates all of the reflected light in a direction away from the
light source 111 and controls the beam shape and beam spread (as described below with respect
to FIG. 4). The reflective surface of the optical structure 112(a) may be composed of any
material suitable for reflecting light rays that are incident upon the parabolic reflective surface.
Examples may include, without limitation, reflective optical silicone, aluminum, mirror polished
metal, silver, vacuum metalized silver or aluminum, anodized or coated sheet metal, or the like).

[0044] In some embodiments, the primary optics 112(a) may be a fully active reflector
(i.c., all the surfaces of the primary optics 112(a) are configured to reflect light). Alternatively
and/or additionally, the primary optics 112(a) may be a biased reflector (i.c., at least part of the
structure is blocked from reflecting light by, for example, painting it black). Such biasing may
further be used to control the beam shape, direction, or other light characteristics of light emitted
by the light source 111.

[0045] Optionally, the primary optics 112(a) may also include a secondary visor 122
integrated with and/or removably attached to an outside edge (c.g., top) of the primary optics
112(a). The secondary visor 122 may block light rays from spreading in a suitable direction (e.g.,

above the lighting module 110 when placed on a top edge of the primary optics 112(a)). The
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secondary visor may cither block light rays by absorbing them (e.g., if painted black) and/or may
reflect light rays in a suitable direction.

[0046] The optical arrangement 102 also includes a secondary optics 112(b) which is
removably attached to or mounted on the inside of the primary optics 112(a). In an embodiment,
the secondary optics 112(b) may include a highly reflective surface (e.g., optically reflective
silicone, polished metal, etc.) that faces the light source 111 and extends outwardly towards the
opening of the lighting module 110. Thus, the secondary optics 112(b) acts as a visor that
reflects spill light at a desired angle (e.g., upwards) while allowing or redirecting light towards
the target area (e.g., below the secondary optics 112(b)). Optionally, the primary optics 112(b)
may be a biased reflector that absorbs light instead of reflecting it in a different direction (i.c., at
least part of the structure is blocked from reflecting light by, for example, painting it black).
Such biasing may further be used to control the beam shape, direction, or other light
characteristics of light emitted by the light source 111.

[0047] The secondary optics 112(b) can take various forms, shapes, and sizes, depending
upon the desired light output distribution.

[0048] In an embodiment, the secondary optics 112(b) may be removably attached to the
interior of the primary optics 112(a) at one or more attachment points (or point arrays) using any
removable means such as without limitation, threads, clams, bolt screws, insertion into a notch,
mounting brackets for receiving hinges included in the secondary optics 112(b) (or vice versa),
radial support brackets, magnetic attachment, or the like. Alternatively, the secondary optics
112(b) may permanently attached to the interior of the primary optics 112(a), for example,

during manufacturing, using adhesives, ctc.
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[0049] As shown in FIGS. 2A and 2B, the secondary optics 112(b) may be a curved arc-
shaped structure that is mounted inside the primary optics 112(a) in a downward facing manner,
via two hinges 121(a) and 121(b) that are received in corresponding brackets in the primary
optics 112(a). The mounting position of the secondary optics 112(b) may be configurable to
obtain the desired light (i.e., beam) output and angle. For example, the body of the primary
optics 112(a) may include multiple sets of brackets for receiving the hinges 121(a) and 121(b),
and the appropriate brackets may be chosen to provide the desired light output and angle. While
FIGS. 2A and 2B disclose the secondary optics 112(b) mounted in the upper half of the primary
optics 112(a) to provide a beam output shown in FIG. 2C and FIG. 4, other positions, are within
the scope of this disclosure. For example, the secondary optics 112(b) may be mounted in a
bottom half portion the primary optics 112(a) in an upward facing manner to block light rays
from reaching an object that is located at the ground level. Alternatively, the secondary optics
112(b) may be mounted in a tilted manner to block light rays from reaching an object to the sides
of the target arca.

[0050] Additionally and/or alternatively, the secondary optics 112(b) may be pivotally
movable relative to the position of the light source 111 (i.c., tilt up and down and/or rotate left
and right) to adjust the orientation. The pivotal movement of the secondary optics 112(b) can
also enable the modification of the illumination pattern (i.c., beam spread, angle, direction, etc.)
generated by the lighting module. The possible movement of the secondary optics 112(b) is
illustrated by arrows 150. In an embodiment, the rotation may be provided by rotatable coupling
of the secondary optics to the primary optics 112(a). For example, the brackets included in
primary optics 112(a) for receiving the hinges 121(a) and 121(b) may include attachment

mechanisms to allow for pivoting (e.g., knuckle mounts, rotation sockets) with different
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rotational stop positions. The secondary optics 112(b) may be manually rotated or tilted to the
desired orientation.

[0051] Optionally, the secondary optics 112(b) may be formed by insert molding and/or
co-molding a suitable material for forming the secondary optics 112(b) (c.g., anodized
aluminum) around a rigid carrier or wire structure. The co-molded material may form the arc-
shaped reflective secondary optics 112(b), and the rigid carrier or wire form the hinges 121(a)
and 121(b). This allows for use of two dissimilar materials for forming the reflective portion of
the secondary optics 112(b) and the hinges 121(a) and 121(b) suitable sclected for their
respective functions. For example, the material for forming the reflective portion may be selected
for providing desired reflective properties, and material for forming the hinges may be selected
to provide mounting strength and movement capabilities. Moreover, use of a wire for forming
the hinges 121(a) and 121(b) provides for a thin mounting structure that suspends a free floating
reflector (112(b)) in the center, while limiting the amount of light blocked and/or reflected by the
hinges 121(a) and 121(b).

[0052] FIG. 2C illustrates an example ray diagram of light distribution (i.c., collimation,
reflection, and/or blockage) obtained using the optical structure 102 of FIG. 2A. As shown in
FIG. 2A, light rays 201(a) and 201(b) arc emitted from the light source 111 towards the
secondary optics 112(b) located in an upper half of the optical structure 102. The secondary
optics 112(b) may block the light rays 201(a) and 201(b) (blocking not shown here) by
absorbing them if the surface of the secondary optics 112(b) on which the light rays 201(a) and
201(b) impinge is biased. Alternatively and/or additionally, the secondary optics 112(b) may at
least partially reflect the light rays in a desired direction as shown in FIG. 2C (reflected rays

202(a) and 202(b)). It should be noted that in some embodiments, the secondary optics 112(b)
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may absorb some light and reflect some light (i.c., a lesser intensity of light) in the desired
direction — for example, when the secondary optics 112(b) is partially biased.

[0053] As also shown in FIG. 2C, the position and/or orientation of the secondary optics
may be configured such that certain light rays from extreme angles may be allowed to provide
some amount of up light 201(c) in a desired direction (i.c., the light rays bypass the secondary
optics 112(b) and get reflected/refracted/collimated by the primary optics 112(a). Such
configurations of the secondary optics 112(b) may be useful to block light from reaching a
building near a sports arena while allowing illumination of the air space to provide visibility of
an air-borne ball (discussed below in more detail in FIG. 4). Optionally, the position and/or
orientation of the secondary optics may be configured such that all light rays emitted by the light
source 111 in the upwards direction (c.g., at an angle greater than a threshold) impinge upon the
secondary optics 112(b), and are either blocked or reflected).

[0054] The total beam spread of the light may also be controlled by the orientation and
positioning of the primary optics 112(a) and the secondary optics 112(b). The secondary optics
112(b) may also be rotated about an axis to various positions (e.g, about hinges 121(a) and
121(b)). For example, the total beam spread of light may be about 15 degrees to about 25
degrees when the secondary optics 112(b) is in a first position, about 18 degrees to about 23
degrees when the secondary optics 112(b) is in a second position, or about 20 degrees to about
21 degrees when the secondary optics 112(b) is in a third position, with respect to the LED
assembly 111.

[0055] Different arrangements and/or shapes of the secondary optics 112(b) are also
within the scope of this disclosure. FIGS. 3A, 3C, and 3E illustrate perspective views of different

example shapes and/or arrangements of the secondary optics 112(b).
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[0056] For example, as shown in FIG. 3A, the secondary optics 112(b) may include one
or more circular rings 114 (e.g., two shown in FIG. 3A) concentrically arranged inside the
opening of the primary optics 112(a). Each ring may have a planar surface having a width “d”,
the inner surface of which may be reflective and/or biased to reflect light in a desired direction
and/or block spill light outside of the ring. The light output obtained using the secondary optical
arrangement 112(b) is illustrated in FIG. 3B. For example, FIG. 3B illustrates an example
embodiment in which the planar surfaces of the rings 114 facing the light source 111 are fully
biased and are configured to absorb all light rays (301(a), 301(b), 301(c), and 301(d)) — shown
using “X”. The only light rays allowed to pass through the optical structure 102 are the light rays
that bypass both the rings 114 and the primary optics 112(a), or that are reflected in a desired
direction by the primary optics 112(a). Optionally, some or all of the light rays 301(a), 301(b),
301(c), and 301(d) may be at least partially reflected in a desired direction (not shown here). As
such, the light distribution obtained may be a bull’s eye shaped light output concentrated inside
the rings 114. The circular shape of the rings 114 may result in an equal light distribution control
in all directions.

[0057] The direction of the light output may be adjustable by adjusting the orientation
(rotation or tilt) of the planar surface of the rings 114 with respect to the light source 111. For
example, a light output in a direction perpendicular light source 111 may be obtained by
orienting the planar circumference of the rings 114 perpendicular to the light source 111. The
width and thickness of the circumference, shape, diameter, orientation, biasing, reflectivity,
and/or other properties of each ring (e.g., circular, square, oval, etc.), as well as the number of

rings, may be determined based on the desired light output (e.g., beam spread, beam angle, etc.).
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[0058] In another example shown in FIG. 3C, the secondary optics 112(b) may include
one or more half circular rings 114 (e.g., two shown in FIG. 3C) concentrically arranged inside
the opening of the primary optics 112(a). The location of the half rings 114 (e.g., downward
facing in the upper half, upward facing in the lower half, ctc.) may determined based on the
desired light output. Each half ring may have a planar surface having a width “d”, the inner
surface of which may be reflective and/or biased to reflect light in a desired direction and/or
block spill light outside of the half ring.

[0059] The light output obtained using the secondary optical arrangement 112(b) is
illustrated in FIG. 3D. For example, FIG. 3D illustrates an example embodiment in which the
planar surfaces of the half rings 114 facing the light source 111 are fully biased and are
configured to absorb all light rays (301(a) and 301(b)) — shown using “X”. The only light rays
allowed to pass through the optical structure 102 are the light rays that bypass both the rings 114
and the primary optics 112(a), or that are reflected in a desired direction by the primary optics
112(a). Optionally, some or all of the light rays 301(a), and 301(b) may be at lcast partially
reflected in a desired direction (302(a) and 302(b) — downwards direction if the half rings 114
are positioned in the upper half of the optical structure 102). As such, the light distribution
obtained may be a light output concentrated on the side that does not include the half circle
ring(s) 114, while controlling (by blocking/reflecting) light in the direction in which the half
ring(s) are present.

[0060] The direction of the light output may be adjustable by adjusting the orientation
(rotation or tilt) of the planar surface of the rings 114 with respect to the light source 111. The
width and thickness of the circumference, shape, diameter, orientation, and/or other properties of

cach ring (e.g., circular, square, oval, etc.), location of the half rings (¢.g., upper half, lower half,
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left half, ctc.), as well as the number of rings, may be determined based on the desired light
output (e.g., beam spread, beam angle, ctc.).

[0061] In yet another example shown in FIG. 3E, the secondary optics 112(b) may
include one or more circular rings 114 (e.g., two shown in FIG. 3A) concentrically arranged
inside the opening of the primary optics 112(a). Each ring may have a planar surface having a
width “d”, the inner surface of which may be reflective and/or biased to reflect light in a desired
direction and/or block spill light outside the ring. Each ring may also include one or more
straight panels 114a-n disposed inside the ring and parallel to a diametric axis of the ring. One or
more surfaces of the panels 114a-n may be reflective and/or biased to reflect light in a desired
direction and/or block spill light. Such a configuration of the secondary optics 112(b) may
control the light differently in the horizontal plane versus the vertical plane. For example,
uncontrolled light going up or down (if the panels are oriented horizontally) will be absorbed
and/or reflected by the panels, and light going to the sides will not be stopped by the horizontal
panels. As such, a narrow straight light distribution in the horizontal direction will be obtained
(i.c., blocks light from spilling both above and below cach panel 114a-n).

[0062] The light output obtained using the secondary optical arrangement 112(b) is
illustrated in FIG. 3F. For example, FIG. 3F illustrates an example embodiment in which the
panels 114(a) — (d) facing the light source 111 are fully biased and are configured to absorb all
light rays (301(a), 301(b), 301(c), and 301(d)) — shown using “X”. The only light rays allowed to
pass through the optical structure 102 are the light rays that bypass both the panels 114(a) — (d)
and the primary optics 112(a) (c.g., light rays going on the sides or between of the panels 114(a)

—(d)) , or that are reflected in a desired direction by the primary optics 112(a). Optionally, some
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or all of the light rays 301(a), 301(b), 301(c), and 301(d) may be at least partially reflected in a
desired direction (not shown here).

[0063] The direction of the light output may be adjustable by adjusting the orientation
(rotation or tilt) of the planar circumference of the rings 114 with respect to the light source 111.
The width and thickness of the circumference; shape; diameter; orientation, number, location,
and orientation of pancls 114a-n in cach ring; and/or other properties of each ring (e.g., circular,
square, oval, ctc.); as well as the number of rings, may be determined based on the desired light
output (e.g., beam spread, beam angle, ctc.).

[0064] As discussed above, the shapes, sizes, material, orientations, etc. of the reflective
and/or biased surfaces provided by the primary optics 112(a) and/or the secondary optics 112(b)
of ecach lighting module 110 have an effect, at least in part, on the light output of the lighting
device 100. Furthermore, the light output from the lighting device 100 together with the position
and orientation of the lighting device 100 relative to a target surface may determine the
illumination pattern received on the target surface. From a design perspective, a desired
illumination pattern on the target surface may, therefore, be used to determine parameters and
properties of various components of the optical structure 102 (e.g., distances, alignments and
orientations, type, shape, reflectivity, biasing ctc.). The desired illumination pattern may also be
used to determine the type, number, arrangement, color, disposition, or other properties of LEDs
in the light source 111 (discussed below). During design of the lighting device 100, the type,
number, arrangement, and disposition of the LEDs may be predetermined or may be determined

in combination with the optical structure 102.

[0065] Characteristic parameters of the primary optics 112(a) that may have an effect on

the light output may include, without limitation, the dimensions, relative alignment and
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positioning with other components of the lighting device (e.g., with respect to the light source,
secondary optics, etc.), manufacturing material, shape, curvature, reflectivity, presence or
absence of a visor, biasing, or the like.

[0066] Characteristic parameters of the secondary optics 112(b) that may have an effect
on the light output may include, without limitation, dimensions, shape, type, relative positioning
with other components of the lighting device (e.g., with respect to the light source, primary
optics, etc.), curvature, reflectivity, number, orientation, manufacturing material, biasing, or the
like.

[0067] Characteristic parameters of the light source 111 that may have an effect on the
light output may include, without limitation, type, number, arrangement (e.g., concentric rings,
linear, single COB, etc.), color, location, disposition, or the like.

[0068] For example, in sports arenas or stadiums that require a light distribution that
avoids light from reaching certain sections and concentrates light in certain other section, the
optical structure of FIG. 2A may be used. The position, dimensions, orientation etc. of the
secondary optics 112(b) of FIG. 2A may be configured to prevent light from reaching bleachers,
neighboring houses, or other locations; to prevent upwards spill of light; to concentrate light on
the playing ficld; etc. An example ray diagram of light distribution (i.c., collimation, reflection,
and/or blockage) obtained using the optical structure 102 of FIG. 2A located above a target arca
(vertically) with is illustrated in FIG. 4. As shown in FIG. 4, light rays 401(a) and 401(b) may be
prevented from reaching the building 410 by cither absorbing them (not shown here) or by
reflecting the light rays in a desired direction (402(a) and 402(b)), using the secondary optics
112(b). In some embodiments, the position and orientation of the secondary optics 112(b) may

be configured such that certain light rays from extreme angles may be allowed to provide some
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amount of up light 401(c) in a desired direction. Such partial blockage using the secondary optics
112(b) may be useful to block light from reaching a house 410 near a soccer field 411 while
allowing illumination of the air space 402 to provide visibility of an air-borne ball.

[0069] In certain embodiments, the orientation, dimensions, and positioning (or other
properties) of the secondary optics 112(b) may be configured to adjust the blocking angle of
light from the lighting device 100 based on the position of the house 410, the field 411 and/or the
light source 100 (horizontal cut-off location). Here, the blocking angle refers to an angle at
which when a light ray is emitted by the light source 111, it will impinge on the secondary optics
112(b) before being reflected and/or absorbed. For example, the range of blocking angles for the
lighting device in FIG. 2A is between o, — o’. Furthermore, an angle at which light rays are just
allowed to pass around the secondary optics 112(b) without blockage (e.g., an angle slightly
more than a or slightly less than o) is called a cut-off angle. For example, as shown in FIG. 6A,
the cut-off angle may be determined to allow light to illuminate the furthest edges 611(a) and
611(b) of a ficld 611, while preventing light from reaching the building 610. The determined cut-
off angle may then be used to determine the orientation, position, type, shape, ctc. of the
secondary optics 112(b) (or even the primary optics 112(a).

[0070] Additionally and/or alternatively, the orientation, dimensions, and positioning (or
other properties) of the secondary optics 112(b) may be configured to adjust the blocking angle
of light from the lighting device 100 based on the type of sport (vertical cut-off location).
Specifically, the altitudes (i.c., in the vertically upwards direction with respect to the target arca)
at which light is blocked by the secondary optics may depend on the type of sport. For example,
light may need to be blocked for sports like soccer (in which the ball is generally located close to

the ground) at a lower altitude compared to sports like baseball (in which the ball is thrown high
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in the air). Therefore, tuning of the cut off-angle or the blocking angle may also be performed
based on the type of sport, as shown in FIG. 6B.

[0071] In addition to the properties of the secondary optics 112(b), the cut-off angle for
the lighting device 100 may also be configured based on the configuration or arrangement of
LEDs, chips, dies, ctc. in the light source 111. For example, as shown in FIG. 5A, light source
111 may include an array of multiple LED sources 140a-d (e.g., LEDs or dies) arranged in a
linear pattern on the substrate 130. While FIG. 5A shows four LED sources, any number of LED
sources may be used without deviating from the principles of this disclosure. Referring now to
FIG. 5B, for a linear arrangement of LED sources 140a-d, the cut-off angle may be configured
by turning ON or OFF of the LED sources 140a-d. For example, as shown in FIG. 5B, different
cut-off angles (a1, a2, 03, or o4) at which light emitted by the light source 111 is not blocked by
the secondary optics 112(b) may be configured by turning ON or OFF the corresponding LED
source — 140a, 140b, 140c¢, or 140d, and turning OFF or ON the remaining LED sources.
Similarly, more than one LED source may be turned ON to allow light at a plurality of cut-off
angles.

[0072] In certain embodiments, the desired cut-off angle may be determined based on the
position of the building 510 with respect to the playing field area 511. For example, as shown in
FI1G. 5B, LED sources 140a, 140b, and/or 140c may be turned ON to illuminate the field, and the
secondary optics 112(b) may block light emitted by the LED sources 140a, 140b, and/or 140¢
from reaching the building 510 (by reflecting and/or absorbing the light). Furthermore, LED
source 140d may need to be turned OFF to prevent light from reaching the building 510 because
the cut-OFF angle of LED source 140d does not allow for blocking of light from the LED source

140d from illuminating the building 510, by the secondary optics 112(b).
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[0073] While FIGS. 5A and 5B illustrate a linear arrangement of LED sources in the
light source 111, the disclosure is not so limiting. For example, as shown in FIG. 5C, the light
source 111 may include more than one LEDs, chips, dies, ctc. arranged in concentric circles
140a and 140b (or other shape). The light distribution may be configured by turning ON or OFF
different parts of the light source 111. As shown in FIG. 5C, when the inner portion 140a of the
light source 111 is turned ON and the outer portion 140b is turned OFF, light rays 501 from the
light source 111 some light rays may impinge on the secondary optics 112(b), and may be
reflected and/or absorbed. Specifically, the light source 111 functions similar to the light source
of F1G. 4 with a range of blocking angles. However, the secondary optics 112(b) may be
configured such that when the outer portion 140b is turned ON, the secondary optics 112(b) may
not block at least some of the light rays 502(a) and 502(b) from the outer portion 140b, allowing
for illumination of areas that cannot be illuminated when only the inner potion 140a is turned
ON. For example, for a sports arena, the secondary optics 112(b) may be configured to block
light from the inner portion 140a from illuminating the viewer stands, bleachers, parking lots,
ctc., while allowing light from the outer portion 140b to illuminating some of those arecas. This
may be useful in scenarios where viewer stands, bleachers, parking lots, etc., may need to be
illuminated (such as during half-time, at the end of game, ctc.). For example, when the game is in
progress only the inner portion 140a of the light source 111 may be turned ON to illuminate the
playing ficld and blocking light from spilling into, for example, the viewer stands or parking lots.
However, at half-times or the end of a game, the outer portion 140b of the light source 111 may
be turned ON (while the inner portion 140a is ON or OFF) to illuminate the viewer stands or

parking lots in order to aid the viewers in exiting the sports arcna.
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[0074] It should be noted that while FIG. 2C illustrates light distribution from the
lighting module of FIG. 2A oriented to provide light in a horizontal direction, and FIGS. 4 and
5B-5C illustrate light distribution from the lighting module of FIG. 2A oriented to provide light
in a downward direction, the disclosure is not so limiting. The principles of this disclosure may
similarly be applicable to control light distribution from a lighting module irrespective of the
lighting module’s orientation (for example, the lighting module in FIGS. 6A and 6B is shown at
an angle with respect to the target).

[0075] In some embodiments, all of the lighting modules 110 of the lighting device 100
may be configured to direct light in the same direction (e.g., each lighting module 110 may have
identical primary opticss 112(a), and similarly oriented and/or identical secondary optics
112(b)). Alternatively and/or additionally, one or more of the lighting modules 110 of the
lighting device 100 may be configured to direct light in different directions, with different beam
spread, and/or have other optical characteristics such that the combination of the different beam
patterns provides light in an overall desired beam pattern from the lighting device. For example,
a lighting device may include some lighting modules that include the secondary optics of FIG.
2A and some lighting modules that include the secondary optics of FIGS. 3A, 3C, and/or 3E.
Optionally, a lighting device may include lighting modules that all include the same type of
secondary optics but whose configuration (e.g., orientation, tilt, position, etc.) is configured
differently in different lighting modules

[0076] In some embodiments, upon receipt of a command to emit light at a specified
distribution pattern, a processor/controller of the lighting device (or in communication with the
lighting device) may use an algorithm, reference a lookup table, or use other suitable methods to

automatically determine the position and/or orientation of the primary optics 112(a) and/or the
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secondary optics 112(b). The lighting device may then provide instructions to a user to configure
the position and/or orientation of the primary optics 112(a) and/or the secondary optics 112(b).
Alternatively, the processor/controller may automatically configure the position and/or
orientation of the primary optics 112(a) and/or the secondary optics 112(b) using, for example,
motors, one or more gears, drive trains, or other movement mechanisms included in the lighting
device. For example, the tilt angle may be automatically adjusted by the controller by controlling
a drive mechanism associated with the hinges 121(a) and 121(b).

[0077] The processor may also control power delivery to the light source based on the
desired light distribution by, for example, turning power supply ON/OFF to one or more LEDs
or dies of the light source, using pulse width modulation (PWM), or the like. For example, as
discussed above with respect to FIGS. 5A-5C, different portions or the light source may be
turned ON or OFF depending upon the desired light output.

[0078] FIG. 7 depicts an example of internal hardware that may be used to contain or
implement the various processes and systems as discussed above that relate to a user interface
and/or controller (for example, to automatically adjust the position of one or more secondary
opticss). An clectrical bus 700 serves as an information highway interconnecting the other
illustrated components of the hardware. A computing device will include one or more
processors. CPU 7085 is a central processing unit of the system, performing calculations and logic
operations required to execute a program. CPU 7085, alone or in conjunction with one or more of
the other elements disclosed in FIG. 5, is a processing device, computing device or processor as
such terms arc used within this disclosure. As used in this document, the terms “processor” and
“processing device” may include a single processor or a group of processors that collectively

perform various steps of a process. Read only memory (ROM) 710 and random access memory
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(RAM) 715 constitute examples of memory devices. As used in this document, the terms

2% CC

“computer-readable medium,” “memory” or “memory device” are used interchangeably and may
include a single memory device, a group of memory devices, or a sector or other subdivision of
such a device.

[0079] A controller 720 interfaces with one or more optional memory devices 725 that
service as data storage facilities to the system bus 700. These memory devices 725 may include,
for example, an external DVD drive or CD ROM drive, a hard drive, flash memory, a USB drive,
a distributed storage medium such as a cloud-based architecture, or another type of device that
serves as a data storage facility. As indicated previously, these various drives and controllers are
optional devices. Additionally, the memory devices 725 may be configured to include individual
files for storing any software modules or instructions, auxiliary data, incident data, common files
for storing groups of contingency tables and/or regression models, or one or more databases for
storing the information as discussed above.

[0080] Program instructions, software or interactive modules for performing any of the
functional steps associated with the processes as described above may be stored in the ROM 710
and/or the RAM 715. Optionally, the program instructions may be stored on a tangible computer
readable medium such as a compact disk, a digital disk, flash memory, a memory card, a USB
drive, an optical disc storage medium, a distributed storage medium such as a cloud-based
architecture, and/or other recording medium.

[0081] A display interface 730 may permit information from the bus 700 to be displayed
on the display 735 in audio, visual, graphic or alphanumeric format. Communication with

external devices may occur using various communication ports 740. A communication port 740
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may be attached to a communications network, such as the Internet, a local area network or a
cellular telephone data network.

[0082] The hardware may also include an interface 745 which allows for receipt of data
from input devices such as a keyboard 750 or other input device 755 such as a remote control, a
pointing device, a video input device and/or an audio input device.

[0083] The features and functions described above, as well as alternatives, may be
combined into many other systems or applications. Various presently unforeseen or
unanticipated alternatives, modifications, variations or improvements may be made by those
skilled in the art, each of which is also intended to be encompassed by the disclosed

embodiments.
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CLAIMS
l. An optical structure for controlling distribution of light generated by a light source, the
optical structure comprising:

a primary optics disposed relative to the light source and configured to reflect light
generated by the light source towards a target region; and

a secondary optics disposed and aligned relative to the primary optics, wherein the
secondary optics is configured to at least partially block light generated by the light source from

illuminating a region outside the target region.

2. The optical structure of claim 1, wherein:
the primary optics comprises a parabolic shaped reflector; and

the light source is positioned at a focus of the parabolic shaped reflector.

3. The optical structure of claim 2, wherein the primary optics further comprises a visor
attached to an outer periphery of the parabolic shaped reflector, the visor configured to prevent

spillage of light in a second region outside the target region.

4. The optical structure of claim 1, wherein the secondary optics is an arc shaped visor that
comprises at least one of the following: a reflective surface facing the light source or a biased

surface facing the light source.

5. The optical structure of claim 4, wherein the secondary optics is attached to the primary

optics via a pair of hinges that allow for adjustment of orientation of the secondary optics.
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6. The optical structure of claim 4, wherein the secondary optics is attached to the primary

optics in an upper half portion.

7. The optical structure of claim 4, wherein:

the target region comprises a first target region and a second target region separated by
the region outside the target region; and

the secondary optics is oriented such that it will block light generated by the light source
from illuminating the region outside the target region while allowing the light generated by the

light source to reach the first target region and the second target region.

8. The optical structure of claim 1, wherein the secondary optics comprises optically

reflective silicone.

9. The optical structure of claim 1, wherein the secondary optics comprises one or more
concentric rings, cach of the one or more concentric rings comprising at least one of the

following: a reflective surface or a biased surface.

10. The optical structure of claim 9, wherein the secondary optics is configured to provide a

bull’s eye type light distribution.

1. The optical structure of claim 1, wherein the secondary optics comprises one or more half
circle rings, each of the one or more half circle rings comprising at least one of the following: a

reflective surface or a biased surface.
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12. The optical structure of claim 1, wherein the secondary optics comprises one or more

straight panels disposed inside a circular ring.

13. The optical structure of claim 1, wherein one or more properties of the secondary optics
are configured based on a desired cut-off angle for at least partially blocking light generated by
the light source from illuminating the region outside the target region, wherein the one or more
properties comprise at least the following: tilt, orientation, dimensions, relative position, biasing,

reflectivity, size, or shape.

14. A lighting device comprising a plurality of light modules, wherein each of the plurality of
light modules comprises:
a light source; and
an optical structure for controlling distribution of light generated by the light source, the
optical structure comprising:
a primary optics disposed relative to the light source and configured to reflect
light gencrated by the light source towards a target region; and
a secondary optics disposed and aligned relative to the primary optics, wherein
the secondary optics is configured to at least partially block light generated by the light

source from illuminating a region outside the target region.

15. The lighting device of claim 14, wherein:

the primary optics comprises a parabolic shaped reflector; and
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the light source is positioned at a focus of the parabolic shaped reflector.

16. The lighting device of claim 15, wherein the primary optics further comprises a visor
attached to an outer periphery of the parabolic shaped reflector, the visor configured to prevent

spillage of light in a second region outside the target region.

17. The lighting device of claim 14, wherein the secondary optics is an arc shaped visor that
comprises at least one of the following: a reflective surface facing the light source or a biased

surface facing the light source.

18. The lighting device of claim 17, wherein the secondary optics is attached to the primary

optics via a pair of hinges that allow for adjustment of orientation of the secondary optics.

19. The lighting device of claim 17, wherein the secondary optics is attached to the primary

optics in an upper half portion.

20. The lighting device of claim 17, wherein:

the target region comprises a first target region and a second target region separated by
the region outside the target region; and

the secondary optics is oriented such that it will block light generated by the light source
from illuminating the region outside the target region while allowing the light generated by the

light source to reach the first target region and the second target region.
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21.  The lighting device of claim 14, wherein the secondary optics comprises optically

reflective silicone.

22. The lighting device of claim 14, wherein the secondary optics comprises one or more
concentric rings, cach of the one or more concentric rings comprising at least one of the

following: a reflective surface or a biased surface.

23. The lighting device of claim 22, wherein the secondary optics is configured to provide a

bull’s eye type light distribution.

24, The lighting device of claim 14, wherein the secondary optics comprises one or more half
circle rings, each of the one or more half circle rings comprising at least one of the following: a

reflective surface or a biased surface.

25. The lighting device of claim 14, wherein the secondary optics comprises one or more

straight panels disposed inside a circular ring.

26. The lighting device of claim 14, wherein one or more properties of the secondary optics
are configured based on a desired cut-off angle for at least partially blocking light generated by
the light source from illuminating the region outside the target region, wherein the one or more
properties comprise at least the following: tilt, orientation, dimensions, relative position, size, or

shape.
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217. The lighting device of claim 14, wherein:

the light source comprises a linear arrangement of a plurality of light emitting devices
(LEDs); and

cach of the plurality of LEDs have a corresponding cut-off angle for at least partially
blocking light generated by that LED from illuminating a corresponding region outside the target

region.

28. The lighting device of claim 14, wherein:

the light source comprises a plurality of light emitting devices (LEDs) arranged in two or
more concentric circles; and

the secondary optics is oriented such that it will block light generated by at least one of
the concentric circles from illuminating the region outside the target region while allowing light

generated by another one of the concentric circles to reach the region outside the target region.
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