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LIGHT FIXTURE WITH NARROW LIGHT DISTRIBUTION

CROSS-REFERENCE TO RELATED APPLICATION

18001] This application claims the benefit of prior-filed, co-pending U.S. Provisional Patent
Application No. 62/311,068, filed March 21, 2016, the entire contents of which are incorporated

by reference herein.
FIELD

{6002] The present application relates to directional light fixtures, and particularly to a light

fixture exhibiting a narrow light distribution.
SUMMARY

{6003] Light emitting diodes (LEDs) are solid state devices that convert electric energy into
light. Light emitted by an LED progresses outwardly into a solid angle of 2nw (1.e., a generally
Lambertian distribution). In other words, luminous flux, or useful light emitted by the LED
progresses cutwardly in a near hemispherical distribution. The vertical distribution of light
ranges from zero degrees (i.¢., zenith or nadir depending on orientation of the LED) to nearly

ninety degrees. The horizontal distribution of light is 360 degrees.

0004} Some challenges associated with LED-based light fixtures are light fixture size, heat
managerent, and light efficiency. Due to the fact that LEDs can draw large electric currents,
heat sinks are typically used to dissipate the generated heat. The heat sinks can be large and
greatly increase the overall size of the light fixture. Since LEDs emit light in a hemispherical
pattern, LEDs are optically inefficient when a narrow beam of light is desired, thus requiting
more LEDs for the same light output. Consequently, a larger heat sink must be used in order to
manage the increased output in heat from the increased number of LEDs, which 1s difficult when
the size of the hight fixture must be compact. For recess lighting, for example, a compact design
is desired because the light fixture must fit entirely within a ceiling space, but the lighting
distribution is often inefficient because light cannot be emitted 1n a full hemispherical pattern. In
order to control light to a greater degree {e.g., make a narrower pattern), larger optical

components are required for both refractive and reflective materials. The components and
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materials can be too large or too costly for this application. As such, currently, in order to
produce a narrow beam with components that will fit through a ceiling opening the optical

efficiency of the fixture must be sacrificed.

{0005] In one aspect, a light fixture includes a circuit board including a plurality of light-
emitting elements, and a plurality of collimators positioned adjacent the circuit board. Each of
the collimators includes a first end positioned adjacent one of the light-emitting elements, a
second end, and an interior wall that extends between the first end and the second end. The wall
is curved to internally reflect the light output of the associated light-ernitting element and focus
the light through the second end and provide a light distribution. The light fixture includes a
beam controlling optic positioned adjacent the second end of the plurality of collimators to

modify the light output from the plurality of collimators to provide a modified light distribution.

16006} In another aspect, Hight fixture includes a frame including an opening baving an inner
dimension, and a reflector assembly that is removably supported within the opening of the frame.
The light fixture further includes a power supply assembly removably supported by the frame.
The power supply assembly has a length and a maximum dimension transverse to the length.
The maximum dimension of the power supply asserably is less than the inner dimension of the

opening to allow the power supply assembly to be removed through the opening in the frame.

{6007] In vet another aspect, a light fixture includes a frame including an opening having an
inner dimension and a reflector assembly that is removably supported within the opening of the
frame. The hight fixture further includes a hight distribution assembly removably supported by
the tframe. The light distribution assembly has a length and a maximum dimension transverse to
the length. The maximum dimension is less than the inner dimension of the opening to allow the

light distribution assembly to be removed through the opening in the frame.

{6008] Other aspects of the application will become apparent by consideration of the detailed

description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

{0009] FIG. 115 a first perspective view of a light fixture.
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{6010] FIG. 2 is a second perspective view of the light fixture of FIG. 1.

{0011} FIG. 3 is a third perspective view of the light fixture of FIG. 1 and associated

electrical connections.

{6012} FIG. 4 15 a perspective view of a power supply assembly.

{6013} FIG. 4A 1s an end view of the power supply assembly of FIG 4.

{0014] FIG. 5 1s a perspective view of a light distribution assembly.

{601 5] FIG. 6 1s a side view of a light engine of the light distribution assembly of FIG. 5.
{0016] FIG. 6A 1s a lower perspective view of the light engine of FIG. 6.

{6017] FIG. 7 is a perspective view of a colliimator sub-assembly, shown with a collimator

retaining plate removed.
{6018} FIG. 8 13 a perspective view of a collimator of the collimator sub-assembly of FIG. 7.

{6019] FIG. 915 a perspective view of a retlector sub-assembly of the light distribution

assembly of FIG. 5.

{0028} FIG. 1015 a cross-section view of the reflector sub-assembly of FIG. 9 taken along

line 10—101in FIG. O,

18021} FIG. 10A is a cross-section view of a reflector sub-assembly according to another

embodiment,

{06022} FIG. 11 1s a partial exploded view of the light fixture of FIG. 1, with the reflector sub-

assembly removed from an opening in a frame of the light fixture.

{0023] FIG. 12 1s a partial exploded view of the light fixture of FIG. 1, with the reflector sub-
assembly removed and with the light engine of the light distribution assembly disconnected from

the frame.

3
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{0024] FIG. 13 is a partial exploded view of the light fixture of FIG. 1, the light distribution

assembly removed, and with the power supply assembly disconnected from the frame.
{6025] FIG. 14A 1s a perspective view of a collimator according to another embodiment.
{06026} FIG. 14B is an end view of the collimator of FIG. 14A.

{06027} FIG. 14C 15 a side elevation view of the collimator of FIG. 14A.

{6028} FIG. 14D is a second end view of the collimator of FIG. 14A.

{6029] FIG. 15 1s a plan view of the collimator of FIG. 14A in an unfolded, unassembled

state.

{6030} FIG. 1615 a perspective view of a heat sink and circuit board according to another

embodiment.
10031] FIG. 17 1s a top view of the heat sink and circuit board of FIG. 16
DETAILED DESCRIPTION

0032} Before any embodiments are explained in detail, it is to be understood that the
disclosure 1s not limited in its application to the details of construction and the arrangement of
components set forth in the following description or tllustrated in the following drawings. The
disclosure is capable of other embodiments and of being practiced or of being carried out in
various ways. Also, it 1s to be understood that the phraseology and terminology used herein is
for the purpose of description and should not be regarded as limiting. The use of “including,”
“comprising” or “having” and variations thereof herein 1s meant to encompass the items listed
thereafter and equivalents thereof as well as additional items. The terms “mounted,”
“connected” and “coupled” are used broadly and encompass both direct and indirect mounting,
connecting and coupling. Further, “connected” and “coupled” are not restricted to physical or
mechanical connections or couplings, and can include electrical or hydraulic connections or
couplings, whether direct or indirect. Also, electronic communications and notifications may be

performed using any known means including direct connections, wireless connections, etc.
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{6033} FIGS. 1-3 illustrate a luminaire or light fixture 10 according to one embodiment. In
the itlustrated embodiment, the light fixture 10 15 a recessed light fixture that may be positioned
within, for example, a ceiling space or a wall space such that the exterior portion of the fixture is
substantially flush with the ceiling surface or wall surface. The light fixture 10 provides a

distribution of cutput light.

{0034] Referring to FIG. 1, the light fixture 10 includes a light distribution assembly 14 that
is supported by and mounted on a chassis or support frame 18, and a portion of the light
distribution assembly 14 that extends through an opening 22 in the support frame 18. The
opening 22 has an inner dimension 26 (i.e., inner diameter). In some embodiments, the support

frame 18 may be covered with plaster or another suitable material.

{0035] The light distribution assembly 14 includes a circuit board 30 that is supported
relative to the support frame 18 by pivoting support members 34, In particular, each support
member 34 may include a first end pivotably coupled to the support frame 18, A second end of
each support member 34 may be coupled to the circuit board 30, e.g., by one or more fasteners.
In some embodiments, the circuit board 30 includes light emitting elements such as light
emitting diode (LED) modules or sets, each of which include at least one LED (an example of
the LED modules 38 and LEDs 42 are shown in FIG. 14). In addition, a satety device {(not
shown) enclosed by a safety device connector cover 46, and a circuit board connector (not
shown) enclosed by a circuit board connector cover 50 are mounted on the circuit board 30. In
addition, a heat sink 54 is coupled to the circuit board 30 to provide heat dissipation for the

LEDs mounted on the circuit board.

{¢036] The light fixture 10 further includes a removable power supply assembly 58 and an
electrical junction box 62 that receives electrical wires (FIG. 3). The power supply assembly 58
includes a power supply positioned within a power supply enclosure 66, and driver(s) 70. As
best shown in FIGS. 4-4A, the power supply enclosure 66 includes inclined walls 74 extending
from a flat base 78 and joined at an apex 82 to define a triangular prism shape along a length 86
of the power supply enclosure 66. The drivers 70 are coupled to the inclined walls 74 of the
power supply enclosure 66. The inclined walls 74 defining the prism shape of the power supply

enclosure 66 reduce a maximum dimension 90 (FIG. 44} of the power supply assembly S8 ina
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plane transverse to the length 86 of the power supply assembly 58 even when the drivers 70 are
attached. In some embodiments, the maximum dimension 90 of the power supply asserubly 58 13
an outer dimenston. The electrical junction box 62 (FIG. 3} is electrically connected to the
removable power supply assembly 58 through the power supply enclosure 66 via a first wiring
harness 94. The LEDs are electrically connected via a second wiring harness 98 extending
between the circuit board connector cover 50 (FIG. 3) and the removable power supply assembly
58. The shape of the power supply assembly 58 also provides sufficient surface area and space
for the first and second wiring harnesses 94, 98 to be connected to the power supply assembly
58. The LEDs are controlled by the driver(s) 70, as described in more detail below. A third
wiring harness 102 (FIG. 3} connects the power supply enclosure 66 and the safety device

connector cover 46,

{6037} With reference to FIG. 4, the power supply assembly 58 is independent and separate
from the electrical junction box 62 (FIG. 3} and 1s independently supported on a power supply
assembly tray 106 of the support frame 18. The power supply assembly 58 is removable from
the tray 106 to permit accessibility for servicing, such that the power supply assembly S8
including the drivers 70 and corresponding wiring may be removed from the support frame 18
and lowered below the ceiling through the opening 22 for examination and replacement.  The
power supply assembly 58 includes a latch assembly 110 on the power supply enclosure 66 for
securing the power supply assembly 538 to the support frame 18 within the tray 106 so that the
power supply assembly 58 including the drivers 70 and wiring harnesses 94, 98, 102 may be
readily detached and removed. The latch assembly 110 includes a pivotal latch member 114
pivotably attached to the power supply enclosure 66 and a catch member 118 extending from the
tray 106. The latch assembly 110 is movable between an engaged position, in which the latch
member 114 engages the catch member 118 to secure the power supply assembly 58 to the tray
106 of the support frame 18, and a disengaged position {not shown), in which the latch member
114 disengages from the catch member 118 to allow the power supply assembly 58 to be hifted
out of the tray 106 (FIG. 13) and removed from the frame 18 through the opening 22. The
triangular prism shape of the power supply enclosure 66 reduces the maximum transverse
dimension 90 (FIG. 4A) of the power supply assembly 58 to allow the power supply assembly 58
to be removed from an opening 22 having a smaller inner dimension than if the power supply

enclosure 66 had ancther enclosure shape {e.g., a rectangular box shape). In the illustrated
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embodiment, the opening 22 is circular and the diameter (i.e., the inner dimension 26} is
approxirnately 6 inches. In some embodiments, the opening 22 may be larger or smaller. In
some embodiments, the opening 22 may have another shape. In some embodiments, the power
supply assembly 58 and the power supply enclosure 66 may be sized according to the size and

shape of the opening 22.

{¢0338] With reference to FI1(G. 5, the heat sink 54 includes a fin assembly 122 that is
supported on the circuit board 30 by angled brackets 126. Each bracket 126 includes a first end
coupled to the circuit board 30 and a second end coupled to the fin assembly 122 of the heat sink
54. Each bracket 126 extends through an angle of between approximately 75 degrees and
approximately 120 degrees. Each bracket 126 includes a portion extending through the fin
assembly 122 to a fin assembly end plate 130 that helps protect the fin assembly 122 from being
bent or damaged during installation (e.g., while being inserted through the opening 22 in the
frame 18). The circuit board 30 and fin assembly 122 are supported on the support frame 18 by
the pivoting support members 34 (FIG. 1) such that a central axis A of the fin assembly 122
extends perpendicular relative to a central axis B of the circuit board 30, Tn some embodiments,
the heat sink 54 is positioned adjacent the circuit board 30. Arranging the central axis A of the
fin assembly 122 perpendicularly with respect to the central axis B of the circuit board 30
reduces the height and/or length of the fixture 10 and provides a compact design for the light
fixture 10. The cooling fins of the fin assembly 122 are vertically arranged to facilitate air flow
through the fin assembly 122, providing convection cooling to remove heat from the heat sink
54. Also, a plurality of heat pipes 134 extend between the circuit board 30 and the fins of the fin
assembly 122 to draw away heat that is emitted by the LEDs 42 on the circuit board 30. In some

embodiments, the heat pipes 134 are a part of a two-phase, self-contained cooling system.

{0039} Due to the arrangement of the heat sink 54, the center of mass of the light fixture 10
is shifted away from the dimensional center of the support frame 18, which may cause bending
and torque stresses on the support frame 18. However, as shown in FIGS. 1 and 3, the power
supply assembly 58 is arranged on an end of the support frame 18 opposite the heat sink 54 to
offset the weight of the heat sink 54 and the junction box 62. Also, positioning the drivers 70
away from the heat sink 54 reduces the possibility that heat from the heat sink 54 would atfect

the drivers 70.
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{0040] With reference to FIG. 5-7, the light distribution assembly 14 further includes a
collimator sub-assembly 142 coupled to the circuit board 30, The collimator sub-assembly 142
directs and modifies light emitted by the LED modules along the central axis B of the circuit
board 30. The collimator sub-assembly 142 includes a plurality of collimators 146 (FIG. 7) that
are arranged to extend from the circuit board 30 in correspondence with the LEDs to efficiently
direct ight enitted by the LEDs into a narrower beam centered on the central axis B of the
circuit board 30, In the illustrated embodiment, the collimator sub-assembly 142 includes forty-
eight collimators 146 that are arranged in a generally circularly shaped arrangement pattern. In
the Ulustrated embodiment, the collimators 146 are arranged s0 as to all be parallel to the central
axis B of the circuit board 30. In some embodiments, some or all of the collimators 146 may be
non-parallel to one another, and/or some or all of the collimators 146 may be oriented at an angle
relative to the central axis B of the circuit board 30. In such embodiments, the light from the
LEDs may be directed by the collimators 146 along an axis at an angle (i ., non-parallel) to the

central axis B of the circuit board 30,

{0041} The collimator sub-assembly 142 includes collimator support plates 150 (FIG. 6).
The collimator support plates 150 have apertures 154 configured to receive collimator holders
1SR (FIG. 7), thereby supporting and aligning the collimators 146 in the desired pattern. Each
collimator holder supports one of the collimators 146, The collimator support plates 150 are
coupled to the circuit board 30 to mechanically hold the collimator holders 158 and the
colitmators 146 adjacent the LEDs of the circuit board 30, In other embodiments, fewer or more
collimators 146 may be included, and the collimators 146 may be arranged in various ditferent

patterns and configurations.

0042} As best shown in FIGS. 6-0A, the fin assembly 122, the circuit board 30, the angled
brackets 126, and the collimator sub-assembly 142 make up a light engine. The light engine is
structured such that each portion of the light engine defines a maximum dimension 162
transverse to a length of the light engine (see FIG. 6). The maximum dimension 162 of the light
engine 15 no greater than the inner dimension 26 of the opening 22, thereby allowing the light
engine 1o be removed through the opening 22 without being disassembled. In some
embodiments, the maximum transverse dimension 162 of the light engine 1s a maximum outer

dimension. In the illustrated embodiment, the maximum dimension 162 is a first maximum
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dimension defined by the circuit board 26 transverse to a first segment of the length of the light
engine and the heat sink 54 defines a second maximum dimension 164 transverse to a second
segment of the length of the light engine. In the tllustrated embodiment, the first maximum
dimension 162 is greater than the second maximum dimension 164. In other embodiments, the
first and second maximum dimensions 162, 164 may be equal, or the second maximum outer
dimension 164 may be greater than the first maximum outer dimension 162. The light engine
may be removed through the opening 22 while remaining connected to the electrical wiring
harnesses. In the illustrated embodiment, the light engine forms an “L” shape (see FIG. 6) that is
generally defined along the central axis A of the heat sink 54 and the central axis B of the circuit
board 30. The light engine is pivoted by a user as the light engine is drawn out of the opening
22. In some embodiments, the light engine may be formed in a straight or linear configuration
{e.g., see FIGS. 16-17), such that the light engine may be directly removed through the opening

22.

10043] As shown in FIG. 8, each collimator 146 is a total internal reflection (TIR) optical
lens. Each of the collimators 146 has a translucent body 174 with a first end 178 and a second
end 182. A recess 186 is positioned adjacent the first end 178 and receives one of the LED
modules. The body 174 has a convex or parabolic exterior shape that tapers outwardly from the
first end 178 to the second end 182, A concave arcuate recess is positioned adjacent the second
end 182 and extends into the body 174, In the illustrated embodiment, light entering the first end
178 is internally reflected by the body 174 and refracted cutwardly by the concave second end
182 to produce a narrower light distribution pattern. Due to the shape of the body 174 and the
material of the collimator 146, there are minimal optical losses as light travels through each of

the collimators 146 and reflects off the sides of the body 174 before exiting the second end 182,

18044] In some embodiments, light emitted by the LEDs has a ninety vertical degree from
nadir (surface normal) pattern and a 360 horizontal degree pattern (i.e., a nearly hemispherical
distribution). In some embodiments, the light emitted by the LEDs is modified by the collimator
146 such that light exiting the second end 182 of each of the collimators 146 has an axially
symmetric light distribution pattern with a field angle between approximately 15 degrees and 30
degrees from nadir. In some embodiments, the field angle is approximately 22.5 degrees from

nadir. That ts, light emitted from the second end 182 of each of the collimators 146 forms an

5
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illumination distribution pattern having a conical shape, and the outer perimeter of the cone
defines an angle of about 22.5 from a central axis of the distribution pattern, and extends 360
degrees about the central axis. Since the illumination distribution patiern of each LED module is
modified by each collimator 146, the collimator sub-assembly 142 as a whole emits a modified
illumination distribution pattern. The light exiting the collimator sub-assembly 142 has
increased centerbeam intensity as the beam is narrowed. As a result, fewer LEDs are required to
provide the same centerbear intensity as provided by LEDs that are not collimated. In the
illustrated embodiment, the light from the collimator sub-assembly 142 s centered on the central
axis B of the circuit board 30 In embodiments in which the collimators 146 are angled, the light

may be centered on an axis at an angle relative to the central axis B of circuit board 30.

{(045] With reference to FIGS. 5 and 9, the light distribution assembly 14 includes a
reflector sub-assembly 194 that 1s positioned adjacent the collimator sub-assembly 142 (FIG. §)
so that light exiting the collimator sub-assembly 142 passes through the reflector sub-assembly
194 by entering an inlet end 198 and exiting an outlet end 202. The reflector sub-assembly 194
includes a first passive retlector or trim member 206, a second passive reflector or spacer
member 210, and an active optic or beam controlling optic 214, In the illustrated embodiment,
the retlector sub-asserably 194 has a central axis C that the first and second passive reflectors
206, 210 and beam controlling optic 214 are centered on, as shown in FIGS. 9-10. In the
iltustrated embodiment, the central axis C of the reflector sub-assembly 194 is arranged coaxial
with the central axis B of the circuii board 30, as best shown in FIG. 5. The reflector sub-
assembly 194 modifies light leaving the collimator sub-assembly 142 via the beam controlling
optic 214. The reflector sub-assembly 194 further includes a plurality of knee springs 218 that
are coupled to the first reflector 206 and are biased outwardly from the first passive reflector
206. When the reflector sub-assembly 194 is positioned within the opening 22 1u the frame 18,
the knee springs 218 retain the reflector sub-assembly 194 in the opening 22. The knee springs
218 allow for quick removal of the reflector sub-assembly 142 from the opening 22. A portion
of the first passive reflector 200 is flush with the cetling surface as a trim piece to prevent a
direct visual line of sight into the ceiling, thereby blocking visibility of the light fixture 10 and

the ceiling plenum.

10
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{0046] With reference to FIG. 10, in the illustrated embodiment the first passive reflector
206 mncludes an arcuate body 226 having an inlet end 230 and an outlet end 234, In alternate
embodiments, the body 226 may be rectangular, octagonal, or any other suitable shape that
corresponds with the opening 22 in the frame 18. The body 226 tapers outwardly along a curve
from the inlet end 230 to the outlet end 234. The inlet end 230 defines an inlet opening 238
having a diameter 242. In some embodiments, the diameter 242 is between approximately 4.50
inches and approximately 5.00 inches. In some embodiments, the diarneter 242 1s approximately
4.75 inches. The outlet end 234 defines an outlet opening 246 having a diameter 250 that is
larger than the inlet opening 238. o some embodiments, the diameter 250 is between
approximately 5.50 inches and approximately 6.00 inches. In some embodiments, the diameter
250 is approximately 5.77 inches. The body 226 includes a first flange 254 that extends radially
outwardly from the body 226 at the inlet end 230, and a second flange 258 that extends radially
outward from the body 226 at the outlet end 234, The first flange 254 has an outer diameter 302
that is sized to fit through the opening 22 in the frame 18. In some embodiments, the outer
diameter 302 1s 3 maximum outer dimension of the reflector sub-assembly 194 that is sized to fit
through the opening 22 in the frame 18. The second flange 258 does not fit through the opening
22 and acts as trim piece around the opening in the ceiling and the opening 22 in the frame 18
(FIG. 2). Tn other embodiments, the size of the inlet and outlet openings 238, 246 and the size of
the first and second flanges 254, 258 are defined to accommodate the size of the collimator sub-

assembly 142, and technical and consumer requirements.

{6047} With continued reference to FIGS. 9-10, the beam controlling optic 214 is positioned
between the first and second passive reflectors 206, 210 and is supported on the first flange 254
of the first reflector 206 (F1G. 10). The beam controlling optic 214 and the second reflector 210
are coupled to the first reflector 206 by the knee springs 218. Specifically, the knee springs 218
are coupled to a lip extending around the first flange 254, and the ends of the knee springs 218
retain the beam controlling optic 214 and the second reflector 210 between the knee springs 218
and the first flange 254, Alternatively, the beam controlling optic 214 and the second reflector

210 may be coupled to the first reflector 206 by adhesive or fasteners.

0048] The beam controlling optic 214 is spaced from the support plate 150 by the second

reflector 210, and is positioned so that light leaving the second end 182 of the collimators 146

11
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passes through the beam controlling optic 214 to modify the distribution of light emitted by the
collimator sub-assembly 142 to have a modified light distribution. The beam controlling optic
214 may be a lens material or a film that modifies the light arriving from the collimator sub-
assembly 142 in a purposetul direction as to create a desired light distribution pattern such as a
destred field angle. In the illustrated embodiment, the beam controlling optic 214 is a thin film
that modities the distribution of light emitted by the collimator sub-assembly 142 by spreading
the light, thereby increasing the field angle with minimal optical losses. Thin film optics are
generally defined as having very thin structures layered onto various materials with thicknesses
on the order of ten thousandths of an wnch or less. In some embodiments, the beam controlling
optic 214 may be a thin film configured to modify the light emitted by the collimator sub-
assembly 142 to further concentrate and narrow the heam, increasing the center beam intensity.

The thin film may tnclude a microstructure to refract the light in a specific manner.

{0049] In the illustrated embodiment, the beam controlling optic 214 is oriented s0 as to lie
in a plane generally perpendicular to the central axis C of the reflector sub-assembly 194 (1.¢,,
the direction of the Hight emitied by the collimator sub-assembly 142}, as best shown in FIG. 10,
in some embodiments, the beam controlling optic 214" may be oriented in a plane at an angle to
the central axis C of the reflector sub-assembly 194 other than perpendicular, as shown in the
alternate embodiment of FIG. 10A. In such embodiments, the beam controlling optic 214
modifies the light from the collirnator sub-assembly 142 along the central axis B of the circuit
board 30 so as to modify a center of the light to be angled relative to the central axis C of the
reflector sub-assembly 194, The beam controlling optic 214" may be supported by tabs or ledges
{not shown} within the first reflector 206’ or alternatively within the second reflector 2107, In
some embodiments, the beam controlling optic 214 may have portions angled relative to the
central axis C of the reflector sub-assembly 194 to similarly modity the light leaving the
collimator sub-assembly 142. In such embodiments, the beam controlling optic 214 may be

supported by the second retlector 214 similarly as shown in FIG. 10,

{0056] In some embodiments, the beam controlling optic 214 s a diffuser lens that modifies
the light by diffusing or softening the light emitted by the collimator sub-assembly 142 to create
“soft” light. In some embodiments, the beam controlling optic 214 may modify the color of the

fight exiting the collimator sub-assembly 142, In some embodiments, the beam controlling optic

12
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214 modifies the light exiting the collimator sub-assembly 142 to create a wall wash or accent
pattern on the surface illuminated by the emitted light (e g, a wall or floor). In some
embodiments, the beam controlling optic 214 may be a pitlow lens that modifies the light to have
an off-axis light distribution. In other embodiments, the beam controlling optic 214 may provide
an elliptical pattern or another pattern on an Hluminated surface. In some embodiments, the light
distribution assembly 14 may omit the beam controlling optic 214 entirely. In other
embodiments, additional reflectors or refractive matenal {e.g., plastic or glass lenses, TIR optics)
may be positioned within or in front of the first passive reflector 206 to further modify the output

light.

{0051 A second reflector sub-assembly (not shown) may be provided that is nearly identical
to the first reflector sub-assembly 194 but, for example, has a different beam controlling optic
214, The reflector sub-assembly can be matched with the light engine {e g, during installation)
to readily provide a different modified light distribution. In a similar manner, the reflector sub-
assembly 194 may be removed from the opening 22 and swapped with a ditferent reflector sub-
assembly to quickly and easily change the beam controlling optic 214 to provide a different light
distribution pattern. Among other things, this interchangeability allows the beam controliing
optic 214 to be quickly and easily replaced if damaged. In some embodiments, the beam
controlling optic of the second reflector sub-assembly may be oriented at a different angle
relative to the central axis C of the reflector sub-assembly, such as in the embodiment shown in
FIG. 10A. In such embodiments, the beam controlling optic of the second reflector sub-
assembly may be similar to or different from the beam controlling optic 214 of the first reflector

sub-assembly 194.

0052] To assemble the collimator sub-assembly 142, the collimators 146 are inserted into
the collimator holders 158, which are then aligned with corresponding apertures 154 in the
support plate 150, The support plate 150 is aligned on the circuit board 30 such that the
coliimators 1406 are aligned with the LED modules on the circuit board 30. Accordingly,
corresponding LED modules are positioned within the recess 186 of each of the first ends 178 of
the collimators 146. The support plate 150 is then coupled to the circuit board 30 to hold the
collimators 146, and support plates 150 in place on the circuit board 30. In some embodiments,

the collimators 146 or the collimator holders 158 may be adhered to circuit board 30 via adhesive

13



CA 03018781 2018-09-21

WO 2017/165280 PCT/US2017/023180

to secure the collimators 146 in place on the circuit board 30. Alternatively, the collimators 146
or the collirator holders 158 may each have clips or fasteners to secure the collimators 146 to
the circuit board 30. The collimator sub-assembly 142 and circuit board 30 may then be

connected to the brackets 126 supporting the heat sink.

[0053] In order to install the light fixture 10, the support frame 18 supporting the power
supply assembly 58 and the junction box 62 1s positioned within the ceiling space so that a hole
cut in the cetling corresponds with the opening 22 in the support frame 18. The support frame 18
18 then anchored to support beams (not shown) or other structure within the ceiling. The circuit
board 30 is coupled to the support members 34 that are pivotably connected to the support frame
18, thereby aligning the collimator sub-assembly 142 and the circuit board 30 with the opening
22 in the support frame 18 The circuit board 30 is then electrically connected to the drivers 70
via the second wiring harness 98 to provide and control power to the LED modules. The third
wiring harness 102 is also connected to the safety connector cover 46, The reflector sub-
assembly 194 is then inserted through the hole in the ceiling and the opening 22 in the support
frame 18. As the reflector sub-assembly 194 is inserted into the opening 22 the knee springs 218
are urged inward by the support frame 18 arcund the opening 22. Once the reflector sub-
assembly 194 is fully received in the opening 22 the knee springs 218 are biased outward to

couple the retlector sub-assembly 194 within the opening 22 in the support frame 18.

18054] In operation of the light fixture 10, the drivers 70 supply power to the LED modules.
When power is supplied to the LED modules, the LEDs each enut light in a hemispherical light
distribution pattern. The light reflects and refracts within each of the corresponding collimators
146 such that the light is directed out of the second end 182 of each collimator 146. Due to the
shape, material, and dimensions of the collimators 146, the light exits the second end 182 of each
collimator 140 with a narrowed, more concentrated light distribution pattern than if the
collimator sub-assembly 142 were not present, without significant optical losses. In the
illustrated embodiment the narrowed light distribution has a half width field angle of
approxirately 22.5 degrees. The light exiting each collimator 146 merges to form a single
narrow beam that exits the collimator sub-assembly 142 with the same field angle as each of the
individual collimators 146, The light then passes through the beam controlling optic 214 within

the reflector sub-assembly 194 and is modified into the desired distribution pattern, which in the
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illustrated embodiment is a wide distribution pattern that exits the first passive reflector 206 to
illuminate a surface opposite the light fixture 10. Because the beam controlling optic 214 is also
highly efficient at modifying the narrow beam received from the collimator sub-assembly 142,
the light fixture 10 is able to take a nearly hemispherical illumination distribution pattern from
the LEDs and modify the light to efficiently create any desired light distribution pattern through

either the collimator sub-assembly 142 or the beam controlling optic 214,

{0055] In the illustrated embodiment, the light engine (i ¢, the circuit board 30 and the
collimator sub-assembly 142} is supported by the support raembers 34 such that the central axis
B of the circuit board 30 is parallel and coaxial with an axis perpendicular to the plane of the
cetling {e.g., a central axis of the opening 22), as best shown in FIG. 1. As such, light leaving
the collimator sub-assembly 142 is generally perpendicular to the plane of the ceiling. In some
embodiments, the light engine (i.¢, the circuit board 30 and the collimator sub-assembly 142)
may be supported by the support members 34 such that the central axis B of the circuit board 30
is at an angle to the axis perpendicular to the plane of the ceiling. As such, light leaving the
colitmator sub-assembly 142 15 directed at an angle relative to the axis perpendicular to the plane
of the ceiling. In such embodiments, light leaving the collimator sub-assembly 142 may have a
“wall wash” distribution pattern. In some embodiments, the angle that the central axis B is
oriented at relative to the central axis of the opening 22 may be adjustable to adjust the angle at
which light is directed. In some embodiments, the beam controlling optic 214 may be supported
at an angle relative to the central axis of the opening 22 (i.e., noun-paralliel with the plane of the
ceiling), as shown in FIG. 10A, to change the angle that light is directed at. In such
embodiments, light leaving the collimator sub-assembly 142 may have a center perpendicular to
the plane of the ceiling, before passing through the beam controlling optic 2147 and being
directed such that the light leaving the reflector sub-assembly 194 s at an angle relative to the

axis perpendicular to the plane of the ceiling.

{0056] The drivers 70 conirol the LEDs on the circuit board 30, including the power to the
LEDs. In one embodiment, the LED modules are independently controlled by the drivers 70
For example, each of the LED modules may be turned off/on independent of the other LED
modules, or the intensity may be independently specified for the light output of each of the LED

modules. In one embodiment, a group of the LED modules may be controlled by each driver 70.
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of LED modules by separate drivers 70. This includes controlling power to the outer group of
LED modules independent of the inner group of LED modules, and/or controlling the intensity
of light emitted by the inner group of LED modules relative to the outer group of LED modules.
Each of the drivers 70 may be any suitable LED driver, including a constant DC current output
driver or a constant voltage output driver. In one embodiment, the drivers 70 have dimming
capability. In one embodiment, the drivers 70 may provide independent dimming capability to
modules, allows an operator to optimize performance of the light fixture 10 depending on
environmental conditions, such as ceiling height. In one embodiment, the drivers 70 control the
color of the light emitted by the LEDs, and may in another embodiment independently control
the color of the light emitted by each of the LED modules. In another alternate embodiment,
each of the individual LEDs 98 of each of the LED modules may be separately powered and
controlied by separate independent drivers on different circuits, to allow for independent control

of intensity, color, or toggling of the LEDs within the LED modules.

{6057] In order to remove varicus components for examination, repair, and/or replacement,
an operator may simply remove the reflector sub-assembly 194 from the opening 22 of the frame
18. The knee springs 218 are urged inward by the edge of the opening 22 to release the reflector
sub-assembly 194 and aliow it to be removed from the opening 22, as shown in FIG. 11. Once
the reflector sub-assembly 194 ts removed, the operator can then reach through the opening 22 in
the frame 18 and remove or loosen the fasteners connecting the light engine to the pivoting
support members 34 to disconnect the light engine from the support members 34, Then, the
operator can disconnect the first wiring harness 94 from the junction box 62. The second and
third wiring harnesses 98, 102 may then also be disconnected from the circuit board 30 (i.¢., the
top of the light engine) by removing the safety connector cover 46 and the circuit board
connector cover 50. In some embodiments, once the reflector sub-assembly 194 13 removed, the
operator may insert a second reflector sub-assembly similar to the first reflector sub-assembly
194, but, for example, having a different beam controlling optic in order to modify the light

distribution,
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{0058] Referring to FIG. 12, the pivoting support members 34 may then be pivoted
outwardly away from the opening 22 (i.e., in the direction of arrows D) so that the circuit board
30, the heat sink 54, and the collimator sub-assembly 142 (i ¢, the light engine} may be removed
as a single unit through the opening 22. Due to the maximum dimension 162 of the light engine
transverse to the length of the light engine being less than the diameter (i e, inner dimension 26)
of the opening 22, the light engine may be fished through the opening 22. The first wiring
harness 94 roay then also be disconnected from the junction box 62 and/or the power supply
enclosure 66, Alternatively, the first wiring harness 94 may remain connected while the

components are drawn through the opening 22 and inspected.

{0059] As shown in FIG. 13, the latch assembly 110 on the power supply enclosure 66 may
be released so that the power supply assembly 58 may be removed from the tray 106, Once
removed from the tray 106, the power supply assembly 38 is removable through the opening 22.
Due to the inclined walls 74, the maximum dimension 90 of the power supply assembly 58 is
less than the diameter (i.¢., the inner dimension 26) of the opening 22, thereby allowing the
power supply assembly 58 to fit through the opening 22, In the present embodiment, the power
supply assembly 58 has its own independent power supply enclosure 66 that also supports the
drivers 70 and is separate and spaced from the junction box 62 to facilitate removing the power
supply assembly 58 including the drivers 70 and corresponding wiring from the light fixture 10

for examination, repairs, and/or replacement.

10060] Alternatively, the second and third wiring harnesses 98, 102 may be left connected to
the power supply assembly 58 so that the power supply assembly 58 and the light engine may be
removed from the opening 22 while still connected together by the second and third wiring
harnesses 98, 102, in which the power supply assembly 58 s removed first. Additionally, the
power supply assembly 58 may be removed from the opening 22 without removing the light
engine. Instead after the circuit board 30 is disconnected from the support members 34, the light
engine is set aside, and then the second and third wiring harnesses 98, 102 are disconnected from
the power supply assembly 58 before or after the power supply 58 is disconnected from the tray
106 via the latch assembly 110, The power supply assembly 58 may then be removed through
the opening 22 to be serviced. The light engine may be left in the ceiling plenum until the power

supply assembly 58 is returned and reconnected with the light engine.
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{0061] FIGS. 14A-14D illustrate a reflector-type collimator or reflector 300 that may be used
in place of the collimator 146 of FIG. 8. The reflector 300 includes a thin walled body 304
having eight walls 308 that extend between an open inlet end 312 and an open outlet end 316, In
sore embodiments, the walls 308 have a thickness 320 between approximately 0.02 inches and
approxtimately 0.03 inches. In some embodiments, the thickness 320 is approximately 0.0239
inches. The thin walled body 304 tapers outwardly from the inlet end 312 to the cutlet end 316
such that the thio walled body 304 has a truncated pyramidal shape, or a frustum shape. The
reflector 300 extends along an axis parallel to the central axis B of the circuit board 30, and a
transverse cross section taken at any point along the length of the thin walled body 304 defines
an octagon. In some embodiments, the reflector 300 may be angled relative to the central axis B

for off-axis directional lighting.

{06062} The walls 308 at the inlet end 312 define an octagon having sides 314, Each side 314
has a length 324, In some embodiments, the length 324 1s between approximately 0.3 inches and
approximately 0.5 inches. In some embodiments, the length 324 is approximately 0.376 inches.
The walls 308 at the outlet end 316 define an octagon having sides 318, each having a length
328. The reflector 300 defines a perpendicular distance H {(i.e., height} between the inlet end 312
and the outlet end 316, In some embodiments, the height 332 1s between approximately 2.5
inches and approximately 3.5 inches. In some embodiments, the height 332 is approximately 3.0
inches. Fach wall 308 of the reflector 300 tapers outwardly from the inlet end 312 to the outlet
end 316 at a taper angle 336. In some embodiments, the taper angle 336 is between
approximately 5.0 degrees and approximately 6.5 degrees from vertical. In some embodiments,
the taper angle 336 is approximately 5.75 degrees from vertical. In other embodiments, the
thickness 320, the length 324, the length 328, the height 332, and/or the taper angle 336 of the
reflectors 300 may have other dimensions, and may be dimensioned to provide desired light

distribution patterns.

{0063] The inlet end 312 of each reflector 300 receives one of the LED modules. In some
embodiments, the LED modules may include any number of LEDs that fit within the inlet end
312 of the reflector 300. The LED modules may be arranged on the circuit board 30 such that
the outlet ends 316 of the reflectors 300 abut or have a small gap. By having corresponding

sides 318 of the cutlet ends 316 of the reflectors 300 abutting or nearly abutting one another,
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there is minimal spacing between adjacent reflectors 300, thereby providing a compact assembly
such that all outlet ends 316 of the reflectors 300 fit within an inlet end 212 (FIG. 10) of the
second passive reflector 210 of the reflector sub-assembly 194, Although each reflector 300 in
the illustrated embodiment is a truncated octagonal pyramid, in other embodiments each retlector
300 may have a truncated pyramidal shape having a triangular base, a square base, a pentagonal
base, a hexagonal base, an octagonal base, or any combination of these shapes that may allow the
outlet ends 316 of each of the reflectors 300 to nest. In other embodiments, each reflector 300

may have a circular base, such as described above with respect to the parabolic collimators.

{0064} The thin walled body 304 has an interior surface 340 (FIG. 15) having a high
reflectance. In some embodiments, the reflectance 18 at least approximately 90%; in some
embodiments, the reflectance is at least approximately 98%. The interior surface 340 may
include a layer of specular film, such as Specular Film DSOF material, in order to achieve this
reflectance. The specular film has a highly specular and uniform surface with a high reflectance
value for every wavelength of visible light. In some embodiments, the retlectance value is at
least approximately 98%, and in some embodiments at least approximately 98.5%. The specular
film also has high UV and high intensity LED trradiance stability aliowing for increased service
fife of the specular film when used in high intensity LED light engines. The specular tilm is
made of a nonconductive 100% polymeric material that may be cut to any desired shape to cover
the interior surface 340, In some embodiments, the specular film may have a protective coating
to provide abrasion resistance to allow for cleaning of the specular film without scratching the
reflective surface. In some embodiments, the specular film may also have a removable
protective mask over the protective coating that may be removed before or after being adhered to
the interior surface 340. In some embodiments, instead of a specular film, the interior surface

340 of the thin walled body 304 may itselt have a high reflectance similar to the specular film.

{0065] Accordingly, each of the reflectors 300 directs light ernitted by the corresponding
LED module starting at the inlet end 312 along the interior surface 340 and exiting the outlet end
316 of the reflector 300. Due to the properties of the interior surface 340, there are minimal
optical losses as light travels through each of the reflectors 300 and reflects off the interior
surface 340, Light emitted by the LEDs has a ninety vertical degree from nadir (surface normal)

pattern and 360 horizontal degree pattern (i.e., a nearly hemispherical distribution}. In some
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embodiments, the light emitted by the LEDs is modified by the reflector 300 such that light
exiting the outlet end 316 of each of the reflectors 300 has an axially symmetric light distribution
pattern with a field angle between approximately 15 degrees and 30 degrees from nadir. In some
embodiments, the field angle is approximately 22.5 degrees from nadir. That is, light emitted
from the outlet end 316 of each of the reflectors 300 forms an illumination distribution pattern
having a conical shape, and the outer perimeter of the cone defines an angle of about 22.5
degrees from a central axis of the distribution pattern, and extends 360 degrees about the central
axis. Since the illumination distribution pattern of each LED module is modified by each
reflector 300, the collirator sub-assembly 142 as a whole emuts a roodified ilumination
distribution pattern. The light exiting the collimator sub-assembly 142 also has increased
centerbeam intensity as the beam is narrowed. As a result, fewer LEDs are required to provide

the same centerbeam intenstty as provided by LEDs that are not collimated.

{0066] With reference to FIG. 15, each reflector 300 may be formed from a rigid sheet made
out of a rigid plastic or a metal material. The specular film is applied to a surface corresponding
to the 1nterior surface 340 of the reflector 300. In the illustrated embodiment, the rigid sheet is
cut or formed to have a tapered or fan shape, and the sheet is scored along folding lines 352 in
order to define sections that correspond to each of the walls 308 of the thin walled body 304,
Slots 356 may be cut out or formed along an edge on one side 360 of the rigid sheet and
corresponding tabs 364 may be cut out or formed along an edge on an opposite side 368 of the
rigid sheet. The rigid sheet is then folded along the scored folding lines 352 inward such that the
interior surface 340 faces inwardly. The tabs 364 are then inserted and interlocked with the slots
356 to secure the reflector 300 in its final pyramidal shape. In some embodiments, the sides 360,
368 are secured together by adhesive, fasteners, or the like to form each of the reflectors 300. In
alternate embodiments, the rigid sheet is cut and scored to form mwore or less than eight sections
corresponding to difterent pyramidal shapes. A support plate (not shown) that supports each of
the retlectors 300 within corresponding support plate openings may include a notch adjacent
each of the support plate openings to accommodate for the tabs 364 of each of the reflectors 300
when the reflectors 300 are received by the support plate openings. In some embodiments, some
or all of the reflectors 300 may be mounted on a common assembly {(e.g., via the support plate)
to allow the reflectors 300 to be removably coupled with the hight engine as a unit (e.g., the

assembly including the refiectors 300 may be removably coupled to the circuit board 30 via
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fasteners). In such embodiments, the common assembly including the reflectors 300 may be
disconnected from the light engine and removed through the opening 22 for replacement or

repair.

{0067} FIGS. 16-17 illustrate a circuit board 30a mounted to a heat sink 54a in accordance
with another embodiment. Like components and features are identified with hike reference
numerals plus the letter “a” and will not be deseribed again in detail. The circuit board 30a may
support the collimator sub-assembly 142 of FIGS. 6-7. The heat sink 54a of FIGS. 16-17 may
replace the heat sink 54 of FIGS. 1-5. The heat sink 54a of FIGS. 16-17 is arranged such that a
fin assembly 122a of the heat sink 54a has a central longitudinal axis A that extends parallel or
coaxial with a central axis B of the circuit board 30a. This configuration allows for the fin
assembly 122a to be fitted instde a narrow cvlinder unit. The fin assembly 122a includes
independent portions 382 that are equally radially spaced 360 degrees about the central
longitudinal axis A of the fin assembly 122a. The fin assembly 122a of FIGS. 16-17 includes
eight portions 382, although there may be fewer or more portions 382 of the fin assembly 122a.
The manner of operation of the heat sink 54a of FIG. 16-17, 15 otherwise identical to that

described above in connection with the light fixture 10 of FIGS. 1-7.

{0068] Although the light fixture is llustrated as a recessed light fixture, the light distribution

assembly may be any other type of light fixture.

[6069] In general, the light fixture 10 includes a collimator sub-assembly 142 having a
plurality of collimators 146 and a beam controlling optic 214 that cooperate to provide a compact
light fixture 10 that efficiently modifies light emitted by a plurality of LEDs 42 into a desired
fight distribution pattern.

{¢070] Although certain aspects have been described in detail with respect to certain
embodiments, variations and modifications exist within the scope and spirit of one or more

independent aspects as described.
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CLAIMS

What is claimed is:

I A light fixture comprising:

a circuit board including a plurality of light-emitting elements;

a plurality of collimators positioned adjacent the circuit board, each of the collimators
including a first end positioned adjacent one of the light-emitting elements, a second end, and an
interior wall extending between the first end and the second end, the wall being curved to
internally reflect the light output of the associated light-emitting element and focus the light
through the second end and provide a light distribution; and

a beam controlling optic positioned adjacent the second end of the plurality of collimators
to modify the light output from the plurality of collimators to provide a modified light
distribution.

2. The hight fixture of claim 1, wherein the beam controlling optic 15 a thin filio including a
microstructure.

3. The light fixture of claim 1, further comprising a reflector that is removably positioned
within an opening in the frame, wherein the beam controlling optic is coupled to the reflector and

is removable with the reflector.

4. The light fixture of claim 3, further comprising a knee spring coupled to the reflector
positioned on an outer surface of the reflector to couple the reflector within the opening in the

frame.
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5. The light fixture of claim 3, wherein the reflector is a first reflector and the beam
controfling optic 1s a first beam controlling optic, and the modified light distribution is a first
modified light distribution, and further comprising a second reflector and a second beam
controlling optic coupled to the second reflector, wherein the first reflector may be removed
from the opening and replaced with a second reflector, wherein when the second reflector is
coupled within the opening, the second beam controlling optic is positioned adjacent the second
end of the plurality of collimators to modify the light distribution from the plurality of
collimators to provide a second modified light distribution that is different from the first

modified light distribution.

6. The light fixture of claim 5, wherein the first modified light distribution has a first
distribution angle and the second modified light distribution has a second distribution angle that

is different from the first distribution angle.

7. The light fixture of claim 1, wherein each collimator defines a collimator axis extending

between the first end and the second end, the collimator axes being parallel to one another.

g The hight fixture of claim 7, further comprising a heat sink for dissipating heat generated
by the light-emitting elements, the heat sink extending along a heat sink axis oriented at an angle

relative to the collimator axis of each collimator.

9. The hight fixture of claim 8, further comprising at least one driver in electrical
communication with the circuit board, the driver operable to control the light output of the light-
emitting elements, wherein the heat sink and the at least one driver is located on radially opposite

sides of at least one of the collimator axes.



CA 03018781 2018-09-21

WO 2017/165280 PCT/US2017/023180

10, A light fixture, comprising:

a frame including an opening having an inner dimension;

a reflector assembly that is removably supported within the opening of the frame; and

a power supply assembly removably supported by the frame, the power supply assembly
having a length and a maximum dimension transverse to the length, the maximum dimension of
the power supply assembly being less than the inner dimension of the opening to allow the power

supply assembly to be removed through the opening in the frame.

Pl The light fixture of claim 10, wherein the power supply assembly 1s removably coupled

to the frame by a latch assembly.

12. The light fixture of claim 10, wherein the power supply assembly includes an enclosure,
wherein the enclosure has a base and a pair of inclined walls that extend from the base, the pair
of walls being joined along an apex, the apex extending along the length of the power supply

assembly to form a prism shape.

13, The hight fixture of claim 12, further comprising a driver that is coupled to one of the pair

of inclined walls.

14 The light fixture of claim 13, wherein an outer surface of the driver at least partially

defines the maximum dimension of the power supply assembly transverse to the length.

15, The light fixture of claim 10, further comprising an electrical junction box and driver,
wherein the driver is independent from the electrical junction box and supported on the power

supply assembly.

16. The light fixture of claim 10, further comprising a light engine removably supported by
the frame, the light engine defining a second length and a second maximum dimension
transverse to the second length, the second maximum dimension being less than the inner

dimension of the opening.

17. The light fixture of claim 10, wherein the opening is no greater than approximately 6

inches.
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18. A light fixture, comprising:

a frame including an opening having an inner dimension;

a reflector assembly that is removably supported within the opening of the frame; and

a light distribution assembly removably supported by the frame, the light distribution
assembly having a length and a maximum dimension transverse to the length, the maximum
dimension being less than the inner dimension of the opening to allow the light distribution

assembly to be removed through the opening 1u the frame.

9. The light fixture of claim 18, wherein the light distribution assembly forms an L shaped
configuration.
20.  The light fixture of claim 18, wherein the light distribution assembly includes a heat sink,

and a circuit board supporting a plurality of light emitting elements, wherein the circuit board 1s
oriented perpendicular to a first axis, wherein the heat sink extends along a second axis oriented
at an angle relative to the first axis, wherein the length of the light distribution assembly is

measured between the circuit board and the heat sink.

21, The hight fixture of claim 18, wherein the heat sink s supported relative to the circuit
board by at least one bracket, the at least one bracket including a first end coupled to the circuit
board and a second end coupled to the heat sink, the bracket extending through an angle of

between approximately 75 degrees and approximately 120 degrees.

22.  The light fixture of claim 21, wherein a portion of the at east one bracket extends at least

partially through the heat sink.

23. The light fixture of claim 18, further comprising a power supply assembly removably
supported by the frame, the power supply assembly having a second length and a second
maximum dimension transverse to the length, the second maximurm dimension of the power
supply assernbly being less than the inner dimension of the opening to allow the power supply

assembly to be removed through the opening in the frame.
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