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(57) Abstract: A lighting system adapted for being retrofit into a conventional lighting fixture, or adapted to replace the conven-
tional fixture. The lighting system includes a lighting device having a substrate and a plurality of light-emitting elements disposed
on the substrate. The lighting system further includes a power supply for delivering D/C current to the lighting device. The light-
ing device may be installed into a conventional lighting socket in the conventional lighting fixture or mounted independently uti-
lizing some parts of the conventional fixture. The power supply 1s mstalled into the conventional lighting fixture or other suitable
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mdependently rotated and powered to customize light coverage.
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LIGHT ENGINE DEVICE WITH DIRECT TO LINEAR SYSTEM DRIVER

CROSS REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to U.S. Provisional Application No.
61/366,767, filed July 22, 2010, the entire contents of which are incorporated herein by

reference.
FIELD OF THE INVENTION
10002] The present invention generally relates to light emitting diode (LED) lighting

technology. Specifically, the present invention relates to a system of linear light engine

devices utilizing independent and external power supplies for each linear device.

BACKGROUND OF THE INVENTION

[0003] Many offices and businesses utilize fluorescent lights to extensively 1lluminate
large arcas of buildings, thereby eliminating the need for using several small lights.

However, traditional fluorescent lights are inefficient and may require great amounts of
clectrical energy to produce light. This 1s problematic, as large buildings may contain many
fluorescent light fixtures that remain on for long periods of time, leading to a significant
waste 1n energy. Plus, fluorescent fixtures have tombstone brackets, which carry the electrical
circuit to power the fluorescent lights. These tombstones are vulnerable to arcing and restrict

the ability to rotate the fluorescent lights, which would break the electrical circuit.
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SUMMARY OF THE INVENTION

[0004] An embodiment of the present invention provides a light engine lighting
device formed on a substrate and contained within a linecar system. In an exemplary
embodiment, the light engine lighting device 1s an LED linear device, also referred to herein
as an “LED tube”. The light engine lighting device 1s powered by an externally located,
constant current power supply, which 1s electrically connected to a power terminal of the
light engine lighting device via an opening 1n the linear system. In an exemplary
embodiment, independent and external power supplies for each of the light engine lighting
devices are used, thereby providing for rotational independence among cach light engine

lighting device.

[0005] A first aspect of an exemplary embodiment of the present invention provides a
lighting system which includes a lighting device and a power supply driver. The lighting
device includes a plurality of light-emitting elements and a power terminal. The power
supply driver 1s electrically coupled to the power terminal to provide power to the plurality of

light-emitting elements. The power supply driver 1s located external to the lighting device.

[0006] A second aspect of an exemplary embodiment of the present invention
provides a lighting device which includes a substrate, a plurality of light-emitting elements
coupled to the substrate, and a power terminal configured to be coupled to a power supply

driver. The power supply driver 1s located external to the lighting device.

[0007] A third aspect of an exemplary embodiment of the present invention provides
a lighting control system including at least one lighting system and at least one controller.
The at least one lighting system has at least a first lighting device powered by a first power
supply and a second lighting device powered by a second power supply. The at Ieast one
controller 1s coupled to the at least one lighting system for controlling operation of the first

and second lighting devices.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] For the purpose of 1llustration, there are shown 1n the drawings certain
embodiments of the present invention. In the drawings, like numerals indicate like elements
throughout. It should be understood, however, that the invention 1s not limited to the precise

arrangements, dimensions, and instruments shown. In the drawings:

[0009] FIG. 1 depicts a side perspective view of an exemplary embodiment of a
lighting system comprising one lighting device comprising a heat sink and a substrate having
on¢ or more light-emitting elements, 1n accordance with an exemplary embodiment of the

present mnvention.

[0010] FIG. 2 depicts a cross-sectional view of the lighting system of FIG. 1, in

accordance with an exemplary embodiment of the present invention.

[0011] FIG. 3 depicts a cross-sectional view of another exemplary embodiment of a
lighting system comprising a plurality of lighting devices, each casting a light cone, 1n

accordance with an exemplary embodiment of the present invention.

[0012] FIG. 4 depicts a cross-sectional view of the lighting system of FIG. 3 1n which
one of the lighting devices 1s rotated to rotate the light cone projected by the rotated lighting

device, 1n accordance with an exemplary embodiment of the present invention.

[0013] FIG. 5 depicts a side view of rotational device configured to connect the light
device of FIG. 1 to a conventional fluorescent tube fixture, in accordance with an exemplary

embodiment of the present invention.

[0014] FIG. 5A depicts an exemplary fixture for mounting the lighting systems of

FIGS. 1 and 3, 1n accordance with an exemplary embodiment of the present invention.

[0015] FIG. 6 depicts a cross-sectional view of the rotational device of FIG. 5, in

accordance with an exemplary embodiment of the present invention.
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[0016] FIG. 7 depicts a cross-sectional view of a plurality of lighting devices installed
in an exemplary parking structure, 1n accordance with an exemplary embodiment of the

present invention.

[0017] FIGS. 8A-8D 1llustrate various rotational positions of the lighting devices of
the lighting system of FIG. 3, in accordance with an exemplary embodiment of the present

1nvention.

[0018] FIGS. 9A-9D 1llustrate various additional rotational positions of the lighting
devices of the lighting system of FIG. 3 equipped with a reflector, 1n accordance with an

exemplary embodiment of the present invention.

[0019] FIGS. 10A-10D 1illustrate various means for securing the substrate to the heat
sink of the lighting device of FIG. 1, m accordance with an exemplary embodiment of the

present mnvention.

[0020] FIGS. 11A-11C 1llustrate alternative embodiments of the heat sink of the
lighting device of FIG. 1, in accordance with an exemplary embodiment of the present
invention.

[0021] FIGS. 12A-12C 1llustrate various embodiments of a lens configured for

covering the one or more light-emitting elements of the lighting device of FIG. 1, in

accordance with an exemplary embodiment of the present invention.

[0022] FIGS. 13A and 13B illustrate additional embodiments of the lens of FIG. 12C,

in accordance with an exemplary embodiment of the present invention.

[0023] FIGS. 14 and 15 1llustrate additional embodiments of the lighting device of
FIG. 1, mm which the heat sink provides for securing a plurality of light-emitting elements for
casting light cones in more than one direction, in accordance with an exemplary embodiment

of the present invention.
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0024] FIG. 16 illustrates a control system for controlling the plurality of lighting
devices 1nstalled 1n the parking structure of FIG. 7, 1n accordance with an exemplary

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Various conventional LED lighting systems have been developed to increase
etficiency over traditional fluorescent tubes. A drawback of such LED lighting systems 1s the
excessive heat that 1s typically generated by the LEDs. Such heat causes the layers of
phosphor within the LEDs to degrade. Furthermore, heat generated by power sources in
close proximity to the LEDs melts the layers of phosphor and, as a result, changes the color
emitted by the LEDs. The result after continuous degradation 1s that the LEDs emit light

appearing as blue-white rather than the neutral or warm white emitted by non-degraded chips.

[0026] Color change occurs more dramatically in LEDs in close proximity to an
internal or dependent power supply. As the diodes overheat they lose their ability to emit
light. For example, LEDs disposed 1n a tube near an internal, dependent power supply may
develop burn marks. These burn marks are seen as a drop off 1n output. For example, LEDs
not degraded may output light at 300 foot-candles (fc), and LEDs 1n a damaged arca may
only output light at 150 fc at the edge of the burn zone and at 110 fc at the center of the burn

ZONC.

[0027] The burn zone 1s typically at least as long as the length of the internal
dependent power supply. Thus, the burn zone may be at least 4 to 5 inches long, or
approximately 10% of an overall 48-inch tube. Given that these losses can occur nside of a
single year of non-stop operation, the lifetime for these LED lighting systems 18 significantly

compromised, resulting 1n increased energy consumption and higher costs.

[0028] An exemplary embodiment of the present invention provides a lighting system
comprising on¢ or more lighting devices, each comprising one or more light-emitting

clements mounted onto a substrate mounted within the lighting device. Each light-emitting

_5 -
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clement 18 powered by an externally located, constant current power supply, which 1s directly
connected to the light-emitting element via a power terminal. In an exemplary alternative
embodiment, the lighting system 1s mounted within a fixture and comprises a plurality of
lighting devices and a plurality of independent power supplies, each of which 1s connected to
a respective one of the plurality of lighting devices. As a result, each lighting device 18
independently powered for providing independent, configurable lighting. In such exemplary
alternative embodiment, cach lighting device may be rotatably mounted within the fixture
and configured for complete rotational independence, thereby providing a variety of

configurable lighting conditions.

[0029] Exemplary applications of the lighting system include offices, homes, parking
garages, ctc., which applications are designed to provide buildings with an alternative
lighting arrangement to less efficient fluorescent tube lighting. Exemplary light-emitting

clements 1n the exemplary embodiments of the present invention described here include

LEDs, light emitting capacitors (LECs), and organic LEDs (OLEDs).

[0030] Referring now to FIG. 1, there 1s illustrated a lighting system 10, 1in
accordance with an exemplary embodiment of the present invention. As depicted, the
lighting system 10 comprises a lighting device 14 which comprises a linear substrate 12. The
lighting device 14 further comprises a plurality of light-emitting elements 18 and a power
terminal 20 coupled to the plurality of light-emitting elements 18. The light-emitting

clements 18 are disposed 1n a linear relationship along the substrate 12.

[0031] In the exemplary embodiment illustrated 1in FIG. 1, the lighting device 14 1s a
linear device or system 16 as the substrate 12 1s linear and the light-emitting elements 18 are
disposed along the substrate 12 linearly. As will be discussed below, the lighting device 14 1s
so configured so that it may be dropped into existing fluorescent-tube lighting fixtures
without adapters or, optionally, with rotational end caps, as described below. It 1s to be
understood, however, that the lighting device 14 1s not limited to being a linear device 16.

Other geometric configurations are contemplated, such as circular or toroid, U-shaped, etc.
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[0032] Continuing with FIG. 1, the system 10 further comprises a power supply
driver 22 electrically connected to the power terminal 20 by a set of wires 24. The power
supply driver 22 converts A/C line electricity to D/C electricity and delivers the D/C
clectricity to the light-emitting elements 18 via the wires 24. The wires 24 protrude through
an opening 1n the lighting device 14 for connecting the power supply driver 22 to the power
terminal 20. In an exemplary embodiment of the system 10, the power supply driver 22 1s
located external to the lighting device 14. By being so disposed, heat from the power supply
driver 22 1s 1solated from the lighting device 14 and, therefore, burn marks on the lighting
device 14 are mimmimized. It 1s to be understood that other embodiments in which the power

supply driver 22 1s located 1nside the lighting device 14 are contemplated.

[0033] The system 10 additionally comprises a heat sink 26 for removing heat from
the lighting device 14. The heat sink 26 may comprise a linear thermal management heat
sink of any material type or configuration for passive or active cooling. For example, the
heat sink 26 may primarily be a flat plate, die-cast finned type, or extruded finned type.
Materials used to form the heat sink 26 may include aluminum, copper, and some other types

of materials with sufficient heat conductivity.

[0034] In accordance with an exemplary embodiment of the present mmvention, the
heat sink 26 may comprises a plurality of radially extending fins, the outer periphery of
which form a semi-circular shape 1n cross section, as illustrated 1in FIG. 2. Other
embodiments of the heat sink 26, including ones including linearly extending fins, are

contemplated.

[0035] Various embodiments of the light-emitting elements 18 are contemplated. In
an exemplary embodiment, cach light-emitting element 18 1s an LED. Such LEDs may be
discrete components packaged in conventional 5 mm epoxy cylindrical packages, or they
may be surface-mounted packaged dies or bare (unpackaged) dies. It 1s contemplated,
however, that the light-emitting elements are not limited to being LEDs. Alternative
embodiments 1n which the light-emitting clements 18 are light emitting capacitors (LECs) or

organic LEDs are contemplated.
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[0036] In an exemplary embodiment, the substrate 12 1s a board and the light-emitting
clements 18 are bare (unpackaged) dies mounted on the board and wire bonded. Alternative
embodiments 1n which the substrate 12 1s a flex substrate laminated with flex circuitry are
contemplated. It is to be understood that cach component of the lighting device 14 can be
manufactured in various lengths and dimensions as necessary to allow the lighting device 14

to fit into a conventional lighting fixture, €.g., a fluorescent tube fixture.

[0037] Referring now to FIG. 2, there 1s 1llustrated a cross-sectional view of the
lighting device 14, 1n accordance with an exemplary embodiment of the present invention.
As 1llustrated, the lighting device 14 further comprises a lens 30 which covers and protects
the substrate 12 and the light-emitting elements 18 disposed thercon. The lens 30 18 not
illustrated m FIG. 1 to provide a clearer view of the substrate 12 and the light-emitting

clements 18 disposed thereon.

[0038] The cross-sectional view illustrated in FIG. 2 shows the wiring connection 24
between the lighting device 14 and the power supply driver 22. As shown, the wiring 24
connects to the power terminal 20 of the lighting device 14 through an opening 28 1n the lens
30. Other embodiments of the path of the wiring 24 are contemplated. For example, 1t 1s
contemplated that the wiring 24 may alternatively protrude through an opening in the heat
sink 26 or through an opening 1n a rotational device (1llustrated in FIG. 5) secured to an end
of the lighting device 14. In an exemplary embodiment, the power supply driver 22
comprises a fastener 32 for removable connection to the wiring 24. The fastener 32 allows

the power supply driver 22 to be removed and replaced for easier installation and/or repair.

[0039] Exemplary applications of the lighting device 14 include use as a retrofit
replacement to a conventional fluorescent tube system. Typically, a fluorescent tube system
comprises one or more fluorescent tubes, cach of which 1s mounted 1n a fixture between a
pair of tombstone assemblies. Each tombstone assembly includes a socket bar, a lamp
holder, and at least some wiring. The power supplied to cach tombstone assembly 1s

delivered through fixture wiring that extends from a ballast. The ballast 1s, generally, a
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transformer that receives power from supply wires that extend from an A/C power supply that

1s protected by either a fuse or circuit breaker.

[0040] Retrofitting the conventional fluorescent tube system 1s now described with
respect to the system 10. During a retrofit replacement using the lighting system 10, the
power supply driver 22 may be installed 1n the area allocated for the ballast of the fluorescent
tube system. Once 1nstalled, the wiring 24 1s connected to the fastener 32 of the power
supply driver 22 and to the power terminal 20 of the lighting device 14. The lighting device
14 1s then inserted between the tombstones in the conventional fluorescent tube fixture, and
the lighting device 14 1s then ready for use. The lighting device 14 may be fitted with non-
rotating end caps for securing the lighting device 14 between the tombstones of the
conventional fluorescent tube system or, alternatively, may be fitted with a rotational device
for securing the lighting device 14 between the tombstones, as described below. In such
embodiments, the tombstones of conventional fluorescent tube system hold the lighting
device 14 1n place but do not supply electrical power as electrical power 1s separately

supplied by the wiring 24 connected to the power supply driver 22.

[0041] Referring now to FIG. 3, there 1s illustrated another exemplary embodiment of
the lighting system 10, generally designated as 30 1in FIG. 3, 1in accordance with an exemplary
embodiment of the present invention. Whereas the lighting system 10 1llustrated in FIGS. 1
and 2 1s shown having one lighting device 14, FIG. 3 illustrates the lighting system 30 having
two lighting devices 14, designated as 34A and 34B 1n FIG. 3. It is to be understood that
further embodiments of the lighting systems 10 and 30 having more than two lighting devices

are contemplated.

[0042] Each of the lighting devices 34A and 34B 1s mounted to a lighting fixture 37,
which contains two power supplies 32A and 32B. An optional transparent fixture cover 38
may cover the lighting devices 34A and 34B to protect them or to diffuse or beam-shape light
projected by the lighting devices 34A and 34B.

[0043] The lighting system 30 further comprises two power supplies 32A and 32B,

cach of which 1s connected to the lighting devices 34A and 34B, respectively, in a manner
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similar to the connection of the lighting device 10 to its power supply 22. As each lighting
device 34A and 34B 1s independently powered by a separate power supply 32A, 32B, the
lighting system 30 may be customized 1n terms of color and wattage and, in an exemplary
embodiment, angle/position, etc. Although the system 30 includes two power supplies 32A
and 32B, 1t 1s to be understood that alternative embodiments of the system 30 including more
than two power supplies 32A and 32B powering more than two lighting devices 34A and 34B

arc contemplated.

[0044] In the configuration illustrated in FIG. 3, the independently powered lighting
devices 34A and 34B are positioned to direct light downward in respective light cones 36A
and 36B. Exemplary light cones 36A and 36B may project light over 120°. Such light
distribution may be beneficial within parking garage structures for task areas such as pay

stations or landings were most pedestrian traffic occurs, for example.

[0045] Since each lighting device 34A, 34B 1s not reliant upon the electrical charge
supplied from a tombstone-style fixture, each lighting device 34A, 34B may be independently
controlled. For example, cach lighting device 34A, 34B may operate at a different wattage,
use different colored LEDs (1.¢. RGB systems) or be independently rotated, 1f so configured.
FIG. 3 illustrates the lighting devices 34A and 34B positioned with 0° of rotation so that the
light cones 36A and 36B are directed straight down (assuming the lighting fixture 37 1s

mounted within a ceiling).

[0046] In an exemplary embodiment, each lighting device 34A, 34B may be rotated
independently, as shown in FIG. 4. In the view of the system 30 1llustrated 1n FIG. 4, the
lighting device 34B 1s positioned with 0° of rotation and continues to project the light cone
36B straight down. The lighting device 34A, on the other hand, has been rotated toward the
side. The angle of the lighting device 34A assists in increasing the area of coverage by the
combined cones 36A and 36B of light across an interior space being illuminated. Meanwhile,
the position of the lighting device 34B may assist in reducing light pollution. For example,
if the lighting devices 34A and 34B are installed 1n a parking garage structure, the rotation of
the lighting device 34A may help to even the light distribution of the combined cones 36 A

_10 -
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and 36B and reduce arecas of over 1llumination directly under the fixture 37. At the same
time, the position of the cone 36B may assist in reduction of light cast at an outside edge of

the parking garage structure.

[0047] As a further example, 1n a four-device system, the two center lighting devices

could be set straight down, while the outside devices could rotated outwardly by 30° to wash
more light across an area, such as a room, to be illuminated. It 1s to be appreciated that many

other configurations are possible within the scope of the invention.

[0048] Referring now to FIGS. 8A-8D, there are illustrated four exemplary rotational
arrangements of the lighting devices 34A and 34B 1n the system 30, in accordance with an
exemplary embodiment of the present invention. In FIG. 8A, there 1s 1llustrated a first
rotational arrangement 1in which the lighting devices 34A and 34B are rotated by 0°. In this
position, most of the light emitted by the lighting devices 34A and 34B is projected

downwardly.

[0049] In FIG. 8B, there 1s 1llustrated a second rotational arrangement 1n which the
lighting device 34A has been rotated by 30° 1n a direction 80A, and the lighting device 34B
has been rotated by 30° 1n a direction 80B. In an absolute scale, the lighting device 34A has
been rotated by -30°, and the lighting device 34B has been rotated by 30°. In this position,
the light emitted by the lighting devices 34A and 34B 1s projected downwardly and partially

outwardly.

[0050] In FIG. 8C, there 1s 1llustrated a third rotational arrangement 1n which the
lighting device 34A has been rotated by 45° 1n the direction 80A, and the lighting device 34B
has been rotated by 45° 1n the direction 80B. In an absolute scale, the lighting device 34A
has been rotated by -45°, and the lighting device 34B has been rotated by 45°. In this
position, the light emitted by the lighting devices 34A and 34B 1s balanced between being

projected downwardly and outwardly.

[0051] In FIG. 8D, there 1s 1llustrated a fourth rotational arrangement 1n which the
lighting device 34A has been rotated by 60° 1n the direction 80A, and the lighting device 34B

~11 -
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has been rotated by 60° 1n the direction 80B. In an absolute scale, the lighting device 34A
has been rotated by -60°, and the lighting device 34B has been rotated by 60°. In this
position, the light emitted by the lighting devices 34A and 34B 1s projected outwardly and
partially downwardly.

[0052] In an exemplary embodiment, the lighting devices 34A and 34B are
configured for rotation through 360°. Referring now to FIGS. 9A-9D, there are illustrated
four further exemplary rotational arrangements of the lighting devices 34A and 34B. As
shown 1n the embodiment of the lighting system 30 1llustrated in FIGS. 9A-9D, the lighting
system 30 may be configured with a reflector 95 for reflecting light projected by the lighting
devices 34A and 34B when rotated into a position for projecting light upwardly. When fitted
with the reflector 95, the lighting system 30 may be used to provide indirect light.

[0053] In FIG. 9A, there 1s 1llustrated a first rotational arrangement 1n which the
lighting devices 34A and 34B are rotated by -180° and 180°, respectively. In this position,
most of the light emitted by the lighting devices 34A and 34B 1s projected upwardly and
reflected by the reflector 95.

[0054] In FIG. 9B, there 1s 1llustrated a second rotational arrangement 1n which the
lighting device 34A has been rotated by 30° 1n a direction 90B, and the lighting device 34B
has been rotated by 30° 1n a direction 90A relative to FIG. 9A. In an absolute scale, the
lighting device 34A has been rotated by -150°, and the lighting device 34B has been rotated
by 150°. In this position, the light emitted by the lighting devices 34A and 34B 1s projected
upwardly and partially outwardly.

[0055] In FIG. 9C, there 1s 1llustrated a third rotational arrangement 1n which the
lighting device 34A has been rotated by 45° 1n the direction 90B, and the lighting device 34B
has been rotated by 45° in the direction 90A relative to FIG. 9A. In an absolute scale, the
lighting device 34A has been rotated by -135°, and the lighting device 34B has been rotated
by 135°. In this position, the light emitted by the lighting devices 34A and 34B 1s balanced

between being projected upwardly and outwardly.

_ 12 -
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[0056] In FIG. 9D, there 1s illustrated a fourth rotational arrangement 1n which the
lighting device 34A has been rotated by 60° 1n the direction 90B, and the lighting device 34B
has been rotated by 60° in the direction 90A relative to FIG. 9A. In an absolute scale, the
lighting device 34A has been rotated by -120°, and the lighting device 34B has been rotated
by 120°. In this position, the light emitted by the lighting devices 34A and 34B 1s projected
outwardly and partially downwardly.

[0057] As described above, 1n one exemplary embodiment, the lighting device 14
(and the lighting devices 34A and 34B) 1s configured to be drop-fitted into the tombstones of
a conventional fluorescent-tube lighting fixture. In another exemplary embodiment, a
rotational device (rotatable end cap) 1s mounted to each end of the lighting device 14 (and the
lighting devices 34A and 34B), and this assembly 1s mounted into the lighting fixture.
Referring now to FIGS. 5 and 6, there 1s 1llustrated a rotational device, generally designated
as 50, 1n accordance with an exemplary embodiment of the present invention. The rotational
device 50 1s configured allow for rotation of the lighting device 14, 34A, or 34B around a

central axis of the lighting device 14, 34A, 34B.

[0058] As shown 1n FIG. 5, the rotational device 50 comprises a fixed housing
component 51 and a rotatable housing component 54 disposed within the fixed housing
component S1. The fixed housing component 51 comprises a pair of prongs 52A and 52B
which are configured for insertion 1nto a support assembly 55 (¢.g., a tombstone bracket)
mounted to a conventional fluorescent-tube light fixture 57. The rotatable housing
component 54 1s securely mounted to the lighting device 14, 34A, 34B and 1s rotatably
mounted within the fixed housing component 51. The rotational device 50 comprises a
fastener 53 for rotatably locking the rotatable housing component 54 relative to the fixed

housing component S1.

[0059] As shown 1n FIG. 6, the rotatable housing component 54 1s configured to
rotate relative to fixed housing component 51 to rotate the lighting device 14, 34A, 34B 1n a
first rotational direction 60A and a second rotational direction 60B. The fastener 53

comprises a plurality of notches 53A on an inner surface of the fixed housing component 51
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and a plurality of opposing protrusions 53B on an outer surface of the rotatable housing
component 54. The plurality of opposing protrusions 53B 1s configured to snap into
respective ones of the plurality of notches 53A and to be snapped out of such notches 53A
when sufficient torque 1s applied to the rotational device 50. In the exemplary embodiment
illustrated in FIG. 6, the rotational device 50 comprises 16 notches S53A and two protrusions

53B. This arrangement allows for 16 angular positions of the lighting device 14, 34A, 34B.

[0060] It 18 to be understood that other embodiments 1n which the notches 53A are
located on the outer surface of the rotatable housing component 54 and the protrusions 53B
are located on the 1nner surface of the fixed housing component 51. Additionally, 1t 1S
contemplated in other embodiments that the fixed housing component 51 1s disposed within
the rotatable housing component 54 and that the fastener 53 comprises notches or protrusions
on the outer surface of the fixed housing component 51 and protrusions or notches,

respectively, on the mner surface of the rotatable housing component 54.

[0061] The rotational device 50 allows the lighting device 14, 34A, 34B to be retrofit
to existing lighting fixtures containing, ¢.g., a tombstone bracket 55, while allowing
rotational movement of cach lighting device 14, 34A, 34B. In an exemplary embodiment,
both fixed housing component 51 and rotatable housing component 54 are generally
cylindrical in shape to maintain the cylindrical profile of the lighting device 14, 34A, 34B
when 1nserted within a conventional fluorescent lighting fixture. However, 1t will be
appreciated that the rotational device 50 represents one possible configuration for rotating
and securing cach lighting device 14, 34A, 34B, and that many other embodiments are

possible within the scope of the invention.

[0062] FIG. 5A 1illustrates an alternative exemplary embodiment of a fixture for
mounting the lighting devices 14, 34A, and 34B, 1n accordance with an exemplary
embodiment of the present invention. In this embodiment, the heat sink of the lighting device
14, 34A, 34B 1s modified so that the fins extend 1n a horizontal orientation. The resulting
heat sink, generally designated in FIG. SA as 56, comprises a flat planar top surface S6A for

being placed 1in contact with and secured directly to a mounting surface 57° of a fixture. An
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exemplary embodiment of the mounting surface 57° 1s 1n a lighting fixture, such as the

lighting fixture 37.

[0063] FIG. 7 shows an exemplary application of the lighting system 30, 1n
accordance with an exemplary embodiment of the invention. As shown, three lighting
systems 30, generally designated as 71A, 71B, and 71C 1n FIG. 7, are installed within a
structure 70, ¢.g., a, parking garage. In the exemplary embodiment 1llustrated in FIG. 7, each
lighting system 71A-C includes two lighting devices. Each of these lighting devices may
have different levels of brightness and beam angles, potentially asymmetric. Upon
illumination, the lighting system 71A projects light cones 76 A and 76B; the lighting system
71B projects light cones 77A and 77B; and the lighting system 71C projects light cones 78 A
and 78B. Any combination of the light cones 76 A-B, 77A-B, and 78A-B may overlap with

one another.

[0064] In the exemplary embodiment illustrated 1in FIG. 7, one lighting device in the
lighting system 71A 1s rotated at 0° and the other 1s rotated at 45°; one lighting device 1n the
lighting system 71B 1s rotated at -45° and the other 1s rotated at 45°; and both lighting devices
in the lighting system 71C are rotated at 0°. The arrangement of the lighting devices 1n FIG.
7 1s configured to reduce light pollution at a perimeter of the parking garage 70. Specifically,
the light cone 76A 1s pointed so that 1t doesn’t pass through opening 75 1n the parking garage
70. The lighting devices of the lighting system 71B are set to -45°/45°, respectively, to
provide a wide spread of 1llumination 1n a central portion 79A of the parking garage 70. The
lighting devices of the lighting system 71C are not rotated to provide focused light on an
clevator landing 79B, a pay station 79C, etc. Again, 1t 18 to be appreciated that a wide variety
of lighting configurations are possible to address any number of lighting conditions by

utilizing independent and external power supplies for each lighting device 1n the lighting

systems 71A, 71B, and 71C.

[0065] Referring now to FIGS. 10A-10D, there are 1llustrated cross-sectional views of
the lighting device 14 showing various means for securing the substrate 12 to the heat sink 26

of the lighting device 14 of FIG. 1, in accordance with an exemplary embodiment of the
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present invention. In FIG. 10A, the means for securing the substrate 12 to the heat sink 26 1s
an adhesive 1000A between the substrate 12 and the heat sink 26. In FIG. 10B, the means for
securing the substrate 12 to the heat sink 26 1s one or more screws 1000B. In FIG. 10C, the
means for securing the substrate 12 to the heat sink 26 1s one or more rivets 1000C. FIG.

10D 1llustrates a plan view of the substrate 12 showing the attachment means 1000B or

1000C 1n place along the substrate 12.

[0066] In an exemplary embodiment, the substrate 12 may be formed as one piece,
which 1s secured to the heat sink 26 by means 1000B or 1000C at opposite ends of the
substrate 12. In another exemplary embodiment, the substrate 12 may be formed as two or
more pieces. FIG. 10D illustrates an exemplary embodiment in which the substrate 12 18
formed as two pieces 12A and 12B, the ends of each of which are secured by attachment
means 1000B or 1000C to the heat sink 26. The substrate 12 may be formed as more than
on¢ piece, depending on the length of the lighting device 14, 34A, or 34B, to assist in

manufacturing or assembly.

[0067] Additional means for attaching the substrate 12 to the heat sink 26 are
contemplated. Illustrated in FIGS 11A and 11B are alternative embodiments of the heat sink
26, respectively designated as 1100A and 1100B, 1n accordance with an exemplary
embodiment of the present invention. The heat sink 1100A comprises a shallow slot 1101
flanked on either side by a wall 1102 having a lip 1103. The walls 1102 and lips 1103 on
cither side of the slot 1101 provide for a friction fit for the substrate 12. The heat sink 1100B
comprises a pair of opposing L-shaped arms 1104 which form a slot 1105 which holds the
substrate 12. The slot 1105 provides for a friction fit to hold the substrate 12 in place.

[0068] FIG. 11C provides a bottom plan view of the heat sinks 1100A and 1100B
holding the substrate 12. In an exemplary embodiment, the substrate 12 1s slide into place
through the slot 1101 or 1105. Because of the friction fit, it 1s desirable to form the substrate
12 from separate pieces, which are each then slide into place in the groove 1101 or 11035.

The number of pieces from which the substrate 12 1s formed may depend on the length of the
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lighting device 14. For example, if the lighting device 14 1s about 48 inches long, the
substrate 12 may be formed from four pieces 12C-F of about 11.625 inches m length.

[0069] Various options for mounting the lens 30 to the heat sink 26 are now
discussed. FIG. 12A 1llustrates a first option for mounting the lens to the heat sink. In FIG.
12A, an alternative embodiment of the lens 30 1s designated as 1200A and an alternative
embodiment of the heat sink 26 1s designated as 1210A. The lens 1200A 1ncludes a pair of
opposing, inwardly projecting ridges 1202A, and the heat sink 1210A 1ncludes a pair of
inwardly set grooves 1212A. The ridges 1202A are configured to be snapped into the
grooves 1212A to secure the lens 1200A to the heat sink 1210A. The heat sink 1210A
comprises a pair of inwardly facing L-shaped brackets 1215A to hold the substrate 12 1n a
friction fit.

[0070] FIG. 12B 1illustrates a second option for mounting the lens to the heat sink. In
FIG. 12B, an alternative embodiment of the lens 30 1s designated as 1200A” and the
alternative embodiment of the heat sink 26 1s designated as 1210A, the same as that
illustrated 1n FIG. 12A. The lens 1200A° includes the pair of opposing, inwardly projecting
ridges 1202A and additionally a pair of upwardly projecting thin ridges 1204A. The heat
sink 1210A mcludes the pair of inwardly set grooves 1212A to receive the ridges 1202A. 1t
additionally includes a pair of protrusions 1216A which form a pair of grooves 1214A for
recerving the thin ridges 1204A. The thin ridges 1204 A snap into the grooves 1214A to
prevent the lens 1200A° from disengaging from the heat sink 1210A 1f the bottom 1201 of the

lens 1s deformed 1n a direction A 1llustrated in FIG. 12B.

[0071] FIG. 12C 1llustrates a third option for mounting the lens to the heat sink. In
FIG. 12C, an alternative embodiment of the lens 30 1s designated as 1200A”’ and an
alternative embodiment of the heat sink 26 1s designated as 1210A°. The lens 1200A°
includes the pair of opposing, inwardly projecting ridges 1202A and additionally a pair of
inwardly projecting L-shaped ridges 1204A°. The heat sink 1210A’ includes the pair of
inwardly set grooves 1212A° formed 1n a pair of outwardly projecting appendages 1216A°.
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The pair of opposing, inwardly projecting ridges 1202A are configured to snap into the
grooves 1212A°.

[0072] The heat sink 1210A° further includes a pair of downwardly projecting ridges
1215A°. The pair of inwardly projecting L-shaped extension 1204A° are configured to grab
the ridges 1215A° to prevent the lens 1200A°” from disengaging from the heat sink 1210A” 1f
the bottom 1201 of the lens 1s deformed 1n a direction A 1llustrated in FIG. 12C.

Furthermore, the when snapped over the ridges 1215A°, the L-shaped extensions 1204A°
hold the substrate 12 1n place 1n a friction fit. Thus, rather than being slid through a groove,
the substrate 12 1s placed onto the heat sink 1210A” during assembly, and the lens 1200A°’ 1s
snapped onto the heat sink 1210A° to secure the substrate 12 in place.

[0073] In an exemplary embodiment, the light-emitting elements 18 of the lighting
device 12 cast light in a cone of 120°. The lens 30 of the lighting device 14 may be provided
with bevels to alter the beam spread of the light cone. Illustrated in FIG. 13A 1s an
exemplary embodiment of the lighting device 1llustrated in FIG. 12C. In FIG. 13A, the lens
1200A°° of FIG. 12C has been modified, as a lens 1300A, to include bevels 1305A and
1305B 1n the periphery thereof. These bevels 1305A and 1305B may be dimensioned to
widen the angle of the light cone or may be dimensioned to not alter the angle of the
projected light cone but may, instead, make 1t brighter at its periphery. Illustrated in FIG.
13B 1s another exemplary embodiment of the lighting device 1llustrated in FIG. 12C. In FIG.

13B, the lens 1200A°° of FIG. 12C has been modified, as a lens 1300A°, to include bevels
1305A° and 1305B’ 1n the central arca thercot. These bevels 1305A° and 1305B° focus the

light cone to have a spread of about 60°.

[0074] As 1llustrated m FIGS. 2 and 3, the lighting devices 14, 34A, and 34B may
secure on¢ linear substrate. It 1s to be understood that the lighting devices may secure a
plurality of lincar substrates. Turning now to FIG. 14, there 1s 1llustrated a lighting device
1400 comprising a heat sink 1426 securing two substrates 1412A and 1412B 1n parallel on
opposite sides of the heat sink 1426. The top substrate 1412A comprises one row of light-
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emitting clements 1418A, and the bottom substrate 1412B comprises two rows of light-
emitting clements 1418B and 1418C.

[0075] In FIG 15, there 1s illustrated a lighting device 1500 comprises a heat sink
1526 securing two substrates 1512A and 1512B 1n a V-shaped arrangement. The left
substrate 1512A comprises two rows of light-emitting elements 1518A and1518B, and the
right substrate 1512B comprises two rows of light-emitting elements 1518C and 1518D.

[0076] The arrangements of the substrates in FIGS. 14 and 15 allow for further
lighting options. The lighting device 1400 allows for direct and indirect light from a single
lighting device. The lighting device 1500 allows for greater lighting coverage from a single

lighting device than one having only a single substrate.

[0077] The lighting systems described herein may also comprise various software
components/modules for managing power, light, and thermal requirements. For example, the
system 10 may also include a communication system such that data can be sent to and
recerved from the lighting device 14 for management of the artificial lighting of the lighting

device 14.

[0078] In terms of imncreased energy savings and control, the direct to linear system
driver power supply system described herein provides great flexibility. Given the increasing
demand for occupancy sensors, daylight harvesting, and timer controls, the independent
direct to linear system driver power supply system gives facility managers sophisticated
options for smart controls. By analyzing past patterns, the facility manager (¢.g., a human
and/or a computer hardware/software system) may make predictive decisions that may reduce

overall energy consumption or optimize some process.

[0079] As an example, the parking garage 70 of FIG. 7 may call for reduced foot-
candles 1n certain areas at certain times of the day/year, or under certain light conditions. To
accomplish this, each lighting system 71 A-C may operate with a sensor for managing and

controlling power and light requirements and controlling the thermal properties of each
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lighting device. The information or data collected by the sensors may be fed directly back

into a lighting management system such that the information can be acted on locally.

10080} Referring now to FIG. 16, there 1s 1llustrated an exemplary lighting control
system, generally designated at 1600, 1n accordance with an exemplary embodiment of the
present invention. The control system, 1600 comprises a plurality of local controllers 1601A-
C respectively coupled to the lighting systems 71A-C. The controller 1601A 1s coupled to
the lighting system 71A; the controller 1601B 1s coupled to the lighting system 71B; and the
controller 1601C 1s coupled to the lighting system 71C. The controllers 1601 A-C are
connected to a remote computer 1602, which controls the lighting systems 71A-C remotely
by sending commands to the controllers 1601 A-C electrically. In an exemplary embodiment,
the controllers 1601 A-C are connected to the computer 1602 via a network 1604. Examples
of the network 1604 include a wide area network, such as the Internet, or a local arca

network, such a Wi-F1 network, Ethernet network, etc.

[0081] The local controllers 1601 A-C control the lighting devices 1in each of the
respective lighting systems 71A-C. In an exemplary embodiment, the local controllers

1601 A-C may selectively turn on and turn off the lighting devices in each of the respective
lighting systems 71A-C to customize the light cones 76 A-B, 77A-C, and 78 A-C to satisty
lighting needs. Such selective operation of the lighting devices 1s possible as each lighting
device 1s powered by a separate power supply. The selective control may be performed under
direction of a human operating the computer 1602 or as part of a software program stored
within the computer 1602, which software program comprises software instructions that,

when executed by the computer 1602, selectively control the lighting devices.

[0082] In an exemplary embodiment, each lighting system comprises an ambient light
sensor. For example, the lighting system 71A 1s coupled to an ambient light sensor 1603A;
the lighting system 71B 1s coupled to an ambient light sensor 1603B; and the lighting system
71C 18 coupled to an ambient light sensor 1603C. Each ambient light sensor 1603A-C detects
light intensity and provides a signal to the local controllers 1601A-C, respectively, indicating

the light intensity. The local controllers 1601 A-C may be programmed to process such
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signals or may be programmed to send such signals to the computer 1602 over the network

1604.

[0083] In the embodiment in which the light intensity signals are provided to the
computer 1602, the computer 1602 receives the light-intensity signals from the local
controllers 1601 A-C and determines whether the measured light level 1s acceptable. The
computer 1602, as a result, instructs the local controllers 1601A-C to change the light emitted
from the lighting systems 71A-C (¢.g. changing intensity, color temperature, beam angle,
ctc.) to bring the measure ambient light within desired ranges. Since each lighting device 1n
the lighting systems 71A-C 1s powered by separate power supplies, each lighting device may

controlled to alter 1ts intensity, color temperature, beam angle, etc.

[0084] In the embodiment in which the light intensity signal 1s provided to the local
controllers 1601 A-C, the local controllers 1601 A-C recerve their respective light-intensity
signals from the ambient light detectors 1603 A-C and determine whether the measured light
levels are acceptable by comparing them to set points programmed 1n the local controllers
1601 A-C by the computer 1602. The local controllers 1601A-C, as a result, change the light
emitted from the respective lighting systems 71A-C (¢.g. changing intensity, color
temperature, beam angle, etc.) to bring the measured ambient light within desired ranges.
Since each lighting device 1n the lighting systems 71 A-C 1s powered by separate power
supplies, each lighting device may controlled to alter 1ts intensity, color temperature, beam

angle, etc.

[0085] In a further exemplary embodiment, each local controller 1601 A-C 1s coupled
to one or more servomechanisms 1605A-C, which are, respectively, connected to each
lighting device 1n the lighting systems 71 A-C. The servomechanisms 1605A-C are
configured to rotate the lighting devices under command from the local controllers 1601A-C.
For example, if any of local controllers 1601 A-C or the computer 1602 determines that a
respective light cone 76 A-B, 77A-B, or 78A-B 1s directed 1n a non-optimal direction, as

sensed by a respective ambient light detector 1603A-C, such local controller may command
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the servomechanism to rotate the respective lighting device to correct the direction of the

light cone.

[0086] In an exemplary embodiment, a person, using the computer 1602, may
program the local controllers 1601 A-C and the lighting systems 71A-C for operation
throughout the day. For example, the person (operator) may establish five time periods in a
day each with different lighting settings: (1) morning rush hour (6 a.m. through 10 a.m.); (2)
mid day (10 a.m. through 4 p.m.); (3) evening rush hour (4 p.m. through 7 p.m.); (4) evening
(7p.m. through 12 a.m.); and (5) early morning (12:00 a.m. through 6 a.m.). The operator
may then program the local controllers 1601 A-C for full illumination during the morning
rush hour and evening rush hour, partial illumination for the mid-day period, and low
illumination for the evening and carly morning periods. The local controllers 1601 A-C will

then operate the lighting system 71A-C as programmed.

[0087] In periods (1) and (3), the local controllers 1601 A-C turn on each lighting
device 1n the lighting systems 71A-C to provide the exemplary parking garage 70 with six
lighting devices at 100% 1llumination. In period (2), the local controllers 1601 A-C shut off
two lighting devices, for example one lighting device in each of lighting systems 71A and C,
and power on the remainder so that a total of four lighting devices are on, thereby providing
66% 1llumination. In periods (4) and (5), the local controllers 1601 A-C shut off four lighting
devices, for example one lighting device 1n each of lighting systems 71A and C and both 1n
the lighting system 71B, and power on the remainder so that total of two lighting devices are
on, thereby providing 33% 1llumination, which desirably meets the minimum federal foot-

candle requirements.

[0088] Control of the local controllers 1601 A-C 1n further exemplary scenarios 18
contemplated. For example, in period (2), the ambient light detector 1603 A may detect
sufficient ambient light passing through the opening 75. Accordingly, the local controller
1601 A may power off both lighting devices 1n the lighting system 71A. Both lighting
devices 1n the lighting system 71B remain on to illuminate the drive path 79A, and one

lighting device 1n the lighting system 71C remains on to illuminate the elevator landing 79B

_79



CA 02806052 2013-01-18

WO 2012/012638 PCT/US2011/044854

and pay station 79C. A like modification to 1llumination in periods (1) and (3) 18
contemplated, and still other modifications are contemplated. For example, control of the
lighting systems 71A-C from Friday after rush hour to Monday before rush hour and during a

snow day may follow the 1llumination during periods (4) and (5).

[0089] In an exemplary embodiment, cach ambient light sensor 1603A-C 1s equipped
with a motion sensor for detecting motion within the parking garage 70. In such
embodiment, the local controllers 1601 A-C may operate the lighting devices 71A-C as 1in
periods (4) and (5). When one of the motion sensors detects motion, the local controllers
1601 A-C may power on respective ones of the lighting devices 71 A-C 1n accordance with

lighting 1n any of periods (1)-(3), depending upon ambient light conditions.

[0090] The lighting systems according to the exemplary embodiments described
herein reduce the amount of heat received by the light-emitting elements, ¢.g., the core semi-
conductor chip inside each diode, therein. Given that fluorescent tube fixtures are designed
with spaces for the ballasts, positioning the external power supply driver in the ballast
location during above-described retrofit installation provides more distance between the light-

emitting elements and the power supplies.

[0091] The lighting systems according to the exemplary embodiments described
herein are also advantageous in the event of failure of a lighting device. Because
conventional lightings systems with internally located dependent power supply systems are
more¢ likely to fail inside of the time period of the warranty, providers and/or manufacturers
may be required to replace the burned-out lighting devices, regardless of the reason for
failure, wasting what are often more than 240 semi-conductors in the process. This 1s far
from a logical or sustainable model, and 1t 1s also a tenuous financial risk on the supply side.
The cost may be, ¢.g., many times that of replacing only the direct to linear system driver

power supply.

[0092] The si1ze of the power supply 1s also a key factor 1n the efficiency of the entire
lighting system. Capacitor size and quality 1s often restricted inside of very tight spaces, ¢.g.,

the channel behind the diodes. An external, direct to linear system driver power supply does
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not have the size restrictions to fit inside the linear system. This flexibility allows more room
to incorporate larger capacitors, which in turn allows the lighting devices to run more
ctficiently. As an example, direct to linear system driver power supply typically has a
volume that 1s at least twice the size of an equivalent dependent power supply at 7 cubic

inches or greater.

[0093] When 1t comes to increased output options, a direct to linear system driver

power supply enables a wider selection of linear system wattage for different applications.
Direct to linear system driver power supply provides much more flexibility for expansion

given 1ts external location, €.g., 1n the location that was formerly for the ballast of a

fluorescent tube lighting fixture.

[0094] Installing a direct to linear system driver power supply for a lincar system 1s
similar to replacing the ballast in a fluorescent fixture. Given that the panels are designed to
conceal the ballasts, the power supply fits inside the channel. Furthermore, 1n the event of
failure by one linear system 1n a system using direct to linear system driver power supply, the
other lincar systems stay lit. This 1s a practical convenience 1in terms of timing to reduce the

urgency of replacing linear systems 1n a whole fixture that may otherwise go dark.

[0095] Furthermore, when 1t comes to installation, the clip system (1.¢., fastener 32 of
FIG. 2) offers additional case of installation and maintenance. The clip system not only
protects the circuit continuity, but 1t also gives the installer the ability to quickly link the
linear system to the power supply. Likewise, 1f facility managers elect to change the linear
system color temperatures, they can quickly unclip the linear systems and clip an alternate
product 1nto position. Also, if any of the diodes fail in a linear system, the facility managers

can quickly clip a replacement 1into position.

[0096] In embodiments where a lighting system according to one of the exemplary
embodiments described herein 1s replacing an existing fluorescent linear system(s), there 1s
no reliance upon the tombstone fixture for power. That 18, because the lighting devices 14,
34, etc. receive power from the externally located and independent direct to linear system

driver power supply, the tombstone 1s only used to physically support the lighting devices 14,
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34, etc. This reduced reliance upon tombstone fixtures eliminates ‘arching’ 1ssues present
with faulty tombstones, which creates a significant maintenance advantage for the lighting

systems according to the exemplary embodiments described herein.

[0097] The asymmetrical advantage of a direct to linear system driver power supply
system comes 1n several forms. Since ecach linear system 1s run off of a different supply, the
facility managers can choose to customize the output of cach individual linear system within
the same fixture. The variables include color, temperature, wattage, the angle of light, etc.
Since the tombstone 18 free of electrical charge, the facility manager can angle the linear
system to the desired position. Unlike internally located dependent power supply, in which
the only option 1s a straight down position given that the linear system goes dark when 1t 18
rotated 1n the tombstone away from the horizontal circuit connection, the direct to linear
system driver power supply system/fixture allows for a variety of other directional choices, as
discussed above. The variables are numerous, and facility managers can tailor the lighting to

their needs accordingly.

[0098] The foregoing descriptions of specific embodiments of the present invention
have been presented for purposes of 1llustration and description. They are not intended to be
exhaustive or to limit the present invention to the precise forms disclosed, and obviously
many modifications and variations are possible in light of the above teaching. The exemplary
embodiments were chosen and described 1n order to best explain the principles of the present
invention and 1ts practical application, to thereby enable others skilled 1n the art to best utilize
the present invention and various embodiments with various modifications as are suited to the

particular use contemplated.
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What 1s claimed 1s:

1. A lighting system, comprising:

a lighting device comprising a plurality of light-emitting elements and a power
terminal; and

a power supply driver electrically coupled to the power terminal to provide power to
the plurality of light-emitting elements, the power supply driver located external to the

lighting device.

2. The system of claim 1, wherein the lighting device comprises an opening, the lighting
system further comprising an electrical conductor coupling the lighting device to the power

supply driver, the electrical conductor protruding through the opening 1n the lighting system.

3. The system of claim 1, wherein:

the lighting device comprises a substrate; and

the plurality of light-emitting clements are mounted on the substrate.

4. The system of claim 3, further comprising a lighting fixture and at least one rotational

device for rotatably mounting the lighting device to the fixture.

5. The system of claim 4, wherein the rotational device comprises:

a fixed housing component affixed the lighting fixture;
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a rotatable housing component connected to the lighting device, the rotatable housing
component configured to rotate relative to the fixed housing component; and
at least one fastener for rotatably locking the rotatable housing component relative to

the fixed housing component.

0. The system of claim 5, wherein the at least one fastener comprises at least one groove
disposed on an inner surface of the fixed housing component and at least one protrusion

disposed on an outer surface of the rotatable housing component.

7. The system of claim 3, wherein the lighting device further comprises a heat sink onto

which the substrate 1s secured.

8. The system of claim 1, wherein the lighting device 1s a first lighting device
comprising a first substrate, a first plurality of light-emitting elements mounted on the first
substrate, a first power terminal, and a first rotational component, the system further
comprising a second lighting device comprising a second substrate, a second plurality of
light-emitting elements mounted on the second substrate, a second power terminal, and a
second rotational component, the first and second rotational components configured to rotate,

respectively, the first lighting device independently of the second lighting device.

9. The system of claim 8, wherein the power supply driver 1s a first power supply driver
clectrically coupled to the first power terminal to provide power to the first plurality of light-

emitting elements, the system further comprising a second power supply driver electrically
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coupled to the second power terminal to provide power to the second plurality of light-

emitting elements independently of the first power supply driver.

10. A highting device, comprising:
a substrate;
a plurality of light-emitting elements coupled to the substrate; and

a power terminal configured to be coupled to a power supply driver located external

to lighting device.

11.  The lighting device of claim 10, further comprising a rotational device for rotating the

lighting device along at least one rotational axis of the lighting device independently from

another lighting device.

12.  The lighting device of claim 11, wherein the rotational device comprises a rotatable
housing component connected to the lighting device, the rotatable housing component
configured to mate with a fixed housing component connected to a support assembly to rotate

relative to the fixed housing component independently from another lighting device.

13.  The lighting device of claim 10, further comprising a heat sink to which the substrate

1S mounted.
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14.  The hlighting device of claim 10, further comprising a translucent cover positioned

over the plurality of light-emitting elements.

15.  The lighting device of claim 14, wherein the translucent cover comprises a plurality of

bevels for altering a shape of light projected by the plurality of light-emitting elements.

16. A lighting control system, comprising:

at least one lighting system comprising at least a first lighting device powered by a
first power supply and a second lighting device powered by a second power supply ;

at lecast one controller coupled to the at least one lighting system for controlling

operation of the first and second lighting devices.

17.  The lighting control system of claim 16, further comprising an ambient light sensor
coupled to the at least one controller, the ambient light signal configured to generate a signal
indicative of sense light intensity and to provide the ambient light signal to the at Ieast one
controller, wherein the at least one controller 1s configured to receive the ambient light signal
and to turn on or turn off the first and second lighting devices based on the received ambient

light.
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18.  The lighting control system of claim 17, further comprising a first servomechanism
connected to the first lighting device and a second servomechanism connected to the second
lighting device, the first and second servomechanisms coupled to the at least one controller,
wherein:

the first and second lighting devices are rotatably mounted within the at least one
lighting system, and

the at least one controller 1s further configured to operate the first and second
servomechanisms to rotate the first and second lighting devices, respectively, based on the

recerved ambient light signal.

19.  The lighting control system of claim 16, further comprising a remote computer
coupled to the at least one controller by a network, the remote computer configured to receive
one or more setpoints from an operator and to program the at least one controller based on the

Oone or more setpoints.

20.  The lighting control system of claim 16, wherein the at least one controller 18

programmed to turn on the first lighting device during a first set of time periods during a day

and to turn on the second lighting device during a second set of time periods during the day.

- 3() -



WO 2012/012638

CA 02806052 2013-01-18

1/14

PCT/US2011/044854

Fig. 1



WO 2012/012638

N
N

24

CA 02806052 2013-01-18

2/14

O
op

QO
—

28

30

PCT/US2011/044854

Fig. 2



WO 2012/012638

CA 02806052 2013-01-18

3/14

&‘s,\
%,
-

2

|
v': %

B
|

.. t
Rt
i

e

R

&Y
w*wsﬁw&v-

AN
Ay

PCT/US2011/044854

Fig. 3



CA 02806052 2013-01-18

PCT/US2011/044854

WO 2012/012638

4/14

¥

"

. . lVAk

m
. .
4 .

e e W V- - -l

¢r.%.

§

o

1ai.

s

g

e

g

LIS il ameran? "
n u .

R

b DI

N
2 N
» 157
S ~5
(> W
s
A
o



WO 2012/012638

220NN

AR T AT
~

'

'
<
R

e

%,
8
N

27 H

. o

‘:/A'f‘f e .

SRR
.

CA 02806052 2013-01-18

5/14

AT ANt ALY
S

Sohe

e

Y

SRR
ey

PCT/US2011/044854

Fig. 5



WO 2012/012638

ORI
MNEERTNN

AANSNASAN

AR

ENNANSAN NN

CA 02806052 2013-01-18

6/14

m&’(.‘

[
%
0" &
s’ .
&
(4 ¢
>’ % .
¢ e
¢ ¢
* .
A ¢’
t. K
P\
&
&
L |
d 7
» i :
¥ e % SR
L R / e
1'\\ ::
R EEE S ! - e
[ e e, A N Do >:'C:-€?n._' A
.
"
| 1
| |
"
*
*
]
+*
$
$
$
$
+
¢
*
»
&
Q.. 'Y
g gy guunt

PCT/US2011/044854




8l

WO 2012/012638

4~

- Dtk

R AL L L2 L LT T T PR S

CA 02806052 2013-01-18

7/14

PCT/US2011/044854

Fig. 7



CA 02806052 2013-01-18

WO 2012/012638 PCT/US2011/044854
8/14

M RZLRN | e f USRS R AN, LR wze w=ea Rl [ S b sy By BTN b v

l B Yy
%"’
’*
l *
L 2 q"
L &
1 l ’*M ¥ 'VM - % "’f“;; (:/f'/‘f WM‘
. V"M:'\Wfp'-:}:b '%%&%3\,» é{%:‘%' %W‘
$
1; % ty
9 . ¢
4 . v
I * *
$ ¢ ¢
& &
& " 3 & " *
¢ L Xy e ¢
Regqupe?®

%Wmmmmmmmmwmmwww

2o B <o B 2o B = B ]

Ty 0 RN 0 SR 0 KANGl0 KECdd 0 BXARd 0 AEes 0 RERZE 0 g

-30/30

#mmmmmm

y Lo B

i "gf"’

-45/45

#mmmmmm

-60/60

IS TRE WA OER WRR PR ey

%mmmmmmmmmmmmmmw



CA 02806052 2013-01-18

WO 2012/012638 PCT/US2011/044854
9/14

—180/180

% /

oo B et R - N e R (A g enny 0 a0 RRava 0 a0 Reoe 0 el om0 v

-I50( 150

S o Rauy b | Lrics 2 vz st SR B EREZE REASETR

) = ST

SR O RSEN e oenaa v e | KON fSREA KRR BERART ENAlR RERA) WA Rmany

”
3

.
G

%mmwwmmwmmmmmmmw



CA 02806052 2013-01-18

WO 2012/012638 PCT/US2011/044854
10/14

L%
o g
i oA RSO )
4 e 7
7% i 4 5 7
N ] 4 3
& 4 5
. : 77
:
7, .\/ N -

’ 4

1"

§ AN S NN e NN 3 o S gt 8 D 3 D NN 7 D S ) 3 D ) S N b 3 w11 L (-\:._«.y\;ﬁ.q.:/

2 g
O
&5
&').-"
A
4 0 4 N % "*’
& B Y I ld
: ; M -
b Y, T
: #




CA 02806052 2013-01-18

PCT/US2011/044854

WO 2012/012638

11/14

WS WY FR

12B

FIG.

12C

FIG.



CA 02806052 2013-01-18

PCT/US2011/044854

WO 2012/012638

12/14

FIG. 13A

b

FIG. 13B



WO 2012/012638

CA 02806052 2013-01-18

13/14

PCT/US2011/044854




CA 02806052 2013-01-18

PCT/US2011/044854

WO 2012/012638

14/14

91

N

LA
.
rrran.
FRVRR

rvr

e,

SR

MO USNARLN AN

I\

0
AR AR AR
LN

s newen

v - - -
¢ N N z
b -3 g
x -M LA .
3 H
3 3 V
48 V]
R 7 % %8,
' . - -
L d l.u\ O -
: g 2 - . &
T - = - . o .
R z 2 z : = :
- ] ) ¢ . . *
: - unm 4 ...,. ¥
' Z i 7 : .
2 3 “a iR
3 3 7 4 7 . :
: : 3 ¥

& T A A WA WA S T T WA S S Iy sy A s A A,

)

SR INNN

)

AR RAT RN

Shhbba

~

W .w
| | 'y
| : ..
|

3 I RRIHITH

: 1
i
i

Lt re e et e e,y ek ket Ahat AP AT R T ey o0 s N LAty R O R T O OO R R L L L LY 4d e s SR NY ER YN L NN § T Y N
e aNPenadden s DI taavvv - e

binddebendebn el el evevITIevet y==yysvrihi=gg s igyyYcegyyeyye e tegeqgegeadocnns B e R L R L T Y RN

e Satpe o8 sos

D -erriv

SIS

PPN

™

. ., ¢o9) |

et L e e s, L TP O

AN LN STV e, sermg eyt oy

ey

Form Jon enpr meet e SN S e e e e

VPdlemmef\mOeed) INaa et Apd e tcacpcnamies, o, Py L assy, & PR Jpiyhnty PP ’ -~ PO .
o X LI e N ST RN Y LT el Ay e %% Yadenty " ~ .
< el ! TURIZ e Vit hiads Adme) e R L e e P Y T S T R S S,

Lo A A hmea s mm aes mennepes e g Phgpeme

wceps

.« seq,

sessseenne os e seeede

AlNVeeees o
. 2., VY

" v P

Al A e

¢ SPASERNE

C AT




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings

