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1
LIGHTING FIXTURE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/341,798, filed Dec. 22, 2008, which claims
the benefit of U.S. Provisional Patent Application No.
61/015,713 entitled “Lighting Fixture” filed Dec. 21, 2007,
U.S. Provisional Patent Application No. 61/094,558 entitled
“Lighting Fixture with Improved Cover and Mounting
Assembly” filed Sep. 5, 2008 and U.S. Provisional Patent
Application No. 61/094,571 entitled “Reflectors for Use
with a Lighting Fixture” filed Sep. 5, 2008, which are all
hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates, in general, to lighting
fixtures (luminaires) that utilize light emitting diodes
(LEDs) as a light source and, more particularly, to lighting
fixtures incorporating LEDs configured in a manner to
amplify and direct light produced by such lighting fixtures.

Description of Related Art

Conventional lighting fixtures such as streetlights and
office lights have typically utilized incandescent, halogen, or
fluorescent bulbs to provide light. The use of incandescent
and halogen bulbs has been problematic in a number of
ways. First, incandescent light bulbs are very energy inef-
ficient. A large percentage of the energy incandescent light
bulbs consume is released as heat, rather than light.
Although fluorescent bulbs are more efficient than incan-
descent light bulbs, fluorescent bulbs raise environmental
concerns, and are still very inefficient when compared to
LEDs or other similar solid state light emitters.

Additionally, incandescent and fluorescent light bulbs
have short life spans when compared to solid state emitters.
This requires lighting devices to be replaced more fre-
quently. Such short life spans are particularly more prob-
lematic when used in overhead lighting in office buildings or
in streetlights, where access may be difficult. Replacement is
not only time consuming, but can be dangerous.

Furthermore, the unwanted heat produced in these light-
ing systems adds not only to additional energy costs but may
also requires additional air conditioning to lower the tem-
perature of the area lit by the system. For example, in large
buildings, overhead lighting is typically provided by lights
placed near the ceiling and directed downward. These build-
ings often require additional air conditioning to compensate
for this energy produced as heat.

Although solid state emitters, such as LEDs, are known to
be more energy efficient, LEDs have not been considered in
the past as an option for providing quality light in many
applications, such as streetlights and office lighting systems,
because LEDs do not provide enough useful light at a
distance. Moreover, LEDs are a new technology, and there-
fore are more expensive. Accordingly, extending the use of
LEDs is a particularly desirable goal. More recently, high-
powered LEDs have been developed, thereby providing
useful light output for incorporating LEDs into lighting
fixtures for use as streetlights and office lights. However, the
use of LEDs in such lighting fixtures typically requires a
large number of LEDs clustered closely together to provide
useful light output. Accordingly, lighting fixtures incorpo-
rating LEDs in this manner generate a large amount of heat
energy when the LEDs emit light. This heat energy has to be
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dissipated. If this heat energy is not effectively removed, the
high temperature caused by the heat energy will reduce the
luminance and life span of the LEDs. Therefore, each of the
foregoing-described lighting fixtures requires a complex
heat dissipating mechanism to adequately remove the heat
energy produced by the large number of LEDs.

In view of the foregoing, a need exists for a lighting
fixture for use, for example, as a streetlight or an office light
that utilizes a minimal number of LEDs to produce useful
light at a distance without creating excessive heat within the
lighting fixture. A further need exists for an LED lighting
fixture having a relatively simple heat dissipating mecha-
nism. A need also exists for an LED lighting fixture that
accomplishes amplified lighting with the use of a minimal
number of LEDs.

SUMMARY OF THE INVENTION

As described in detail herein, a lighting fixture for use, for
example, as a streetlight or an office light is disclosed and
which provides useful light at a distance using only a small
number of LEDs. Such a light fixture incorporates a rela-
tively simple heat dissipating mechanism in accordance with
this disclosure. In one embodiment, a light emitting diode
(LED) lighting arrangement for a lighting fixture is pro-
vided. The LED arrangement includes a lighting strip having
a plurality of light emitting diodes (LEDs) and a reflector
that can be mounted to the lighting strip comprising multi-
faceted side walls extending away from the light strip. Each
of the light emitting diodes desirably has a diode base and
a light emitting portion. The multi-faceted side walls of the
reflector cause light produced by the plurality of light
emitting diodes (LEDs) to be amplified and formed into a
uniform beam.

The lighting strip may also include an electrical connector
that allows the lighting strip to be operatively connected to
a power supply, such as through driver circuitry and control
circuitry. The reflector may be constructed from silver-
coated aluminum with a protective polymer coating. The
plurality of light emitting diodes (LEDs) may be arranged in
a linear row.

The side walls of the reflector may be configured to
extend away from a base member that defines a plurality of
openings receiving at least the light emitting portion of the
plurality of light emitting diodes (LEDs), respectively. The
side walls may be formed integral with the base member.
The multi-faceted side walls may comprise multi-angle side
walls. As an example, the side walls may include a first
portion defining a first angle with the light emitting portion
of' the plurality of light emitting diodes (LEDs) and a second
portion defining a second angle with the first portion. The
first angle and second angle may be different angles.

Alternatively, the side walls of the reflector may extend
away from a base member and may be symmetrical about an
axis of symmetry that runs through a center of the base
member. In addition, the side walls may extend away from
a base member and each have a plurality of angles formed
therein. The side walls may each comprise a first portion
defining a first angle with the base member and a second
portion defining a second angle with the first portion. The
first angle and second angle may be different angles. The
multi-faceted side walls may include multi-angle side walls.

Another embodiment is directed to a light emitting diode
(LED) lighting fixture. The lighting fixture includes a base
plate having a front side and a rear side. A plurality of
lighting strips is mounted on the front side of the base plate.
A reflector is mounted to each of the lighting strips and
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comprises multi-faceted side walls extending away from the
light strip. The lighting strips are interconnected with a
power supply through driver circuitry and control circuitry.
For example, the power supply may be mounted to the rear
side of the base plate within an enclosure, and may be
connected to control circuitry, which is connected to driver
circuitry, which is electrically coupled to the plurality of
light emitting diodes (LEDs). Each of the lighting strips
includes a plurality of light emitting diodes (LEDs), and
each of the light emitting diodes desirably has a diode base
and a light emitting portion. The multi-faceted side walls
cause light produced by the plurality of light emitting diodes
(LEDs) to be amplified and formed into a uniform beam. The
plurality of light emitting diodes (LEDs) in each of the
lighting strips may be arranged in a linear row.

The reflector may be constructed from silver-coated alu-
minum with a protective polymer coating. The side walls
may be configured to extend away from a base member
defining a plurality of openings receiving at least the light
emitting portion of the plurality of light emitting diodes
(LEDs), respectively. The side walls may include a first
portion defining a first angle with the light emitting portion
of the plurality of LEDs and a second portion defining a
second angle with the first portion. The first angle and
second angle may be different angles.

Alternatively, the side walls may extend away from a base
member and may be symmetrical about an axis of symmetry
that runs through a center of the base member. The side walls
may extend away from the base member and each have a
plurality of angles formed therein. The side walls may each
comprise a first portion defining a first angle with the base
member and a second portion defining a second angle with
the first portion. The first angle and second angle may be
different angles, and the multi-faceted side walls may be
multi-angle side walls.

The lighting strips are connected to the base plate so as to
permit at least conductive heat transfer from the lighting
strips to the base plate. Heat transfer fins may be provided
on at least one side of the base plate to conduct heat to the
ambient environment. The base plate may be formed of
anodized aluminum comprising an enhanced conductive
non-uniform heat-transferring surface texture. The lighting
strips may be connected to the base plate such that inter-
contacting surfaces between the lighting strips and base
plate are separated by less than ten hundredth of an inch
(0.01 inches). Desirably, the inter-contacting surfaces
between the lighting strips and base plate may be separated
by less than about one thousandth of an inch (0.001 inches).
The lighting strips may be mounted to mounting stages
upstanding from the base plate.

In addition, a method of manufacturing a light emitting
diode (LED) lighting arrangement for a lighting fixture is
disclosed and detailed herein. The method generally
includes the steps of providing a lighting strip having a
plurality of light emitting diodes (LEDs), each desirably
comprising a diode base and a light emitting portion; pro-
viding a reflector blank; forming a plurality of linearly
arranged openings in the base member; bending the reflector
blank to form a base member and multi-faceted side walls
extending away from the base member to form a reflector;
and associating the lighting strip with the reflector such that
the plurality of openings respectively receive at least the
light emitting portion of the plurality of light emitting diodes
(LEDs).
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The reflector blank may be manufactured from silver-
coated aluminum with a protective polymer coating. The
multi-faceted side walls may be formed as multi-angle side
walls.

The side walls may be formed to have a first portion
defining a first angle with the light emitting portion of the
plurality of LEDs and a second portion defining a second
angle with the first portion. The first angle and second angle
may be different angles. Alternatively, the side walls may be
formed to be symmetrical about an axis of symmetry that
runs through a center of the base member.

The foregoing and other features and characteristics, as
well as the methods of operation and functions of the related
elements of structures and the combination of parts and
economies of manufacture will become more apparent upon
consideration of the following description with reference to
the accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate
corresponding parts in the various figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view of a first embodiment of a lighting
fixture for exemplary use as a streetlight.

FIG. 2 is a rear view of the lighting fixture of FIG. 1.

FIG. 3 is a transverse cross-sectional view of the lighting
fixture of FIG. 1.

FIG. 4A is a front view of a second embodiment of a
lighting fixture for exemplary use as a streetlight.

FIG. 4B is a front perspective view of the second embodi-
ment of a lighting fixture for exemplary use as a streetlight
shown in FIG. 4A.

FIG. 5 is a cross-sectional view of the lighting fixture of
FIGS. 4A-4B taken along line 5-5 in FIG. 4A.

FIG. 6A is a portion of the cross-sectional view of FIG. 5§
enlarged for viewing.

FIG. 6B is an enlarged view of a mounting clip in one
embodiment.

FIG. 7A is a rear view of the lighting fixture of FIGS.
4A-4B.

FIG. 7B is a rear perspective view of the lighting fixture
of FIGS. 4A-4B.

FIG. 8 is a side view of a pole mounting assembly for use
with the lighting fixture of FIGS. 4A-4B.

FIG. 9 is an exploded top view of the pole mounting
assembly of FIG. 8.

FIG. 10A is a top view of a light emitting diode (LED)
lighting strip for use in the lighting fixture of FIGS. 4A-4B.

FIG. 10B is a cross-sectional view of the light emitting
diode (LED) lighting strip of FIG. 10A taken along line
10B-10B in FIG. 10A.

FIG. 10C is a cross-sectional view of the light emitting
diode (LED) lighting strip of FIG. 10A taken along line
10C-10C in FIG. 10A.

FIG. 11A is a top view of another embodiment of a light
emitting diode (LED) lighting strip for use in the lighting
fixture of FIGS. 4A-4B.

FIG. 11B is a cross-sectional view of the light emitting
diode (LED) lighting strip of FIG. 11A taken along line
11B-11B in FIG. 11A.

FIG. 12 is a schematic diagram of an exemplary embodi-
ment of a driver circuit for use with the lighting fixture of
FIGS. 4A-4B.

FIGS. 13A-13D are schematic diagrams of an exemplary
computer circuit for use with the lighting fixture of FIGS.
4A-4B.
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FIG. 14 is an exemplary flow diagram illustrating a
possible control sequence for controlling operation of the
lighting fixture of FIGS. 4A-4B.

FIG. 15 is a side perspective view of the lighting fixture
FIGS. 4A-4B used as a streetlight.

FIG. 16 is cross-sectional view of the lighting emitting
diode (LED) lighting strip adapted for use with the lighting
fixture of FIGS. 4A-4B illustrating details of a reflector
associated with the lighting strip.

FIG. 17 is a cross-sectional view of another embodiment
of the lighting emitting diode (LED) lighting strip adapted
for use with the lighting fixture of FIGS. 4A-4B and
comprising an alternative reflector.

FIG. 18 is a top view of a blank used to manufacture the
reflector of FIG. 17.

FIG. 19 is a cross-sectional view of additional embodi-
ment of the lighting emitting diode (LED) lighting strip
adapted for use with the lighting fixture of FIGS. 4A-4B and
comprising an additional embodiment of the reflector.

FIG. 20 is a cross-sectional view of a further embodiment
of the lighting emitting diode (LED) lighting strip adapted
for use with the lighting fixture of FIGS. 4A-4B and
comprising a further embodiment of the reflector.

FIG. 21 is a top view of a blank used to manufacture the
reflector of FIG. 20.

FIG. 22 is a front view of a lighting fixture in accordance
with an embodiment adapted for use as an office lighting
fixture.

FIG. 23 is a rear view of the office lighting fixture of FIG.
22.

FIG. 24 is a side view of the office lighting fixture of FIG.
22.

FIG. 25 is a cross-sectional view of a reflector adapted for
used with a light emitting diode (LED) lighting strip used in
lighting fixture of FIG. 22.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

For purposes of the description hereinafter, spatial orien-
tation terms, as used, shall relate to the referenced embodi-
ment as it is oriented in the accompanying drawing figures
or otherwise described in the following detailed description.
However, it is to be understood that the embodiments
described hereinafter may assume many alternative varia-
tions and configurations. It is also to be understood that the
specific devices, features, and components illustrated in the
accompanying drawing figures and described herein are
simply exemplary and should not be considered as limiting.

Generally speaking, an embodiment of the present inven-
tion involves a lighting arrangement incorporating one or
more lighting strips comprising a plurality of light emitting
diodes LEDs to provide a light emitting sub-assembly or
device. A lighting fixture may be provided that incorporates
the LED lighting strips and desirably utilizes a shell or
housing assembly of the lighting fixture as an integrated heat
transfer device, often described herein as a thermal radiator,
thereby effectively dissipating any heat created by the LEDs
s0 as to prevent heat buildup within the lighting fixture and,
thereby, permitting the LEDs to operate more efficiently for
a longer life span. Additional embodiments are directed to
amplifying reflectors that may be associated with the light-
ing strips so that light produced by the plurality of light
emitting diodes (LEDs) may be amplified and formed into a
uniform beam which may be a focused beam useful, for
example, as a spotlight, or a diffused beam useful, for
example, as an overhead streetlight or possibly as an over-

Page 29 of 38

10

15

20

25

30

35

40

45

50

55

60

65

6

head office light. The combination of reflectors for ampli-
fying or intensifying the light and the heat dissipation
provided through the thermal radiation properties of the
housing provides for a lighting fixture adapted to provide
effective light output for use as a street light, while not
overheating and reducing the life span or safety of the street
light.

With reference generally to FIGS. 1-3, features of the
invention are described herein with reference to a lighting
fixture 1 in accordance with one embodiment of the inven-
tion. In the following example, lighting fixture 1 is described
in the context of an overhead streetlight for exemplary
purposes. Lighting fixture 1 generally includes a housing 2
comprising a base plate 3 having a front side 5 and a rear
side 7. Base plate 3 includes at least one and, preferably, a
plurality of light emitting sub-assemblies 4, also referred to
herein as a lighting arrangement, particularly an LED light-
ing arrangement. Each light emitting sub-assembly 4 is
comprised of a lighting strip 9, each including one or more
surface-mounted LEDs 11 mounted thereto, and each light
emitting sub-assembly may further include a reflector 13
mounted in a manner extending away from the lighting strip
9, as will be described in more detail herein.

In the embodiment depicted in FIGS. 1-3, three lighting
strips 9 are mounted to front side 5 of base plate 3. Lighting
strips 9 may be mounted directly on front side 5 of base plate
3, or may be mounted to a separate u-shaped channel or
mounting stage that is directly mounted to base plate 3, as
described in more detail in connection with the embodiment
of FIGS. 4-7. Each lighting strip 9 includes a plurality of
surface-mount LEDs 11 mounted thereto, and may be con-
structed from any suitable material for mounting LEDs and
associated circuitry, and is desirably constructed from alu-
minum. Base plate 3 and the base of lighting strip 9 may be
constructed from any suitable material adapted for radiating
and transferring thermal energy. Desirably, base plate 3 and
lighting strip 9 are constructed of aluminum or an aluminum
alloy, such as aluminum alloy 1100 or aluminum alloy 3003
and, in particular, aluminum alloys subjected to an anodizing
treatment. Lighting strip 9 may have an exemplary overall
thickness of about %4 inch thick, and base plate 3 may have
an exemplary thickness about % to V4 inch thick. Base plate
3 may also be formed in a representative iconic shape, such
as a football, baseball glove, hockey stick, and the like to
provide a decorative beam of light.

LEDs 11 are desirably high-power LEDs such as the
LUXEON® REBEL manufactured by Phillips Lumileds
Lighting Company or the CREE® XLAMP® XR-E LED
manufactured by Cree, Inc. Alternatively, plasma emitter
bulbs may be used instead of LEDs 11. Plasma emitter bulbs
are typically the size of a dime. Each bulb is filled with a gas
and metal halide materials. In operation, an electric field is
applied to the bulb, which ionizes the gas molecules to
create a gas plasma. The metal halides then completely join
the gas plasma which emits a powerful white light. Such
plasma emitter bulbs are currently manufactured by Luxim®
Corporation.

Desirably, lighting fixture 1 also includes a transparent
cover 6 coupled to front side 5 of base plate 3. Cover 6 may
be constructed of any suitable transparent material for
passing light emitted by LEDs 11 therethrough, and is
desirably selected from a polymeric material such as acrylic,
ballistic acrylic, thermoplastic, polycarbonate, and the like.
One particularly suitable material is LEXAN. The material
forming cover 6 is desirably shatterproof and otherwise
weatherproof so as to prevent damage when exposed to the
exterior environment.
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Transparent cover 6 may be coupled to base plate 3 using
any suitable fastening mechanism, such as using bolts 8, so
long as a generally airtight seal is maintained about the
perimeter of housing 2, thereby maintaining the interior
portion of lighting fixture 1 as a sealed internal environment.
In the illustrated exemplary embodiment of FIGS. 1-3, a
mounting bracket in the form of mounting member 10 is
coupled to rear side 7 of base plate 3 for mounting of lighting
fixture 1 to an appropriate surface. Mounting member 10
may comprise any general form for mounting to a particular
surface, such as a plurality of mounting holes 12 for receiv-
ing a fastening member (not shown) which allows the
lighting fixture 1 to be adjustably mounted to a pole. In the
illustrated exemplary embodiment, lighting fixture 1 is con-
figured to be mounted at a height sufficient to provide
adequate lighting to a street or surface below. For instance,
if lighting fixture 1 is mounted on a pole at a height of 30 feet
above a street, lighting fixture 1 provides a lighting pattern
that extends about 50 feet from the base of the pole and
about 65 feet on either side of the pole.

Each sub-assembly 4 further includes a reflector 13
mounted so as to extend from the front side 5 of base plate
3 such that side walls 41 of reflector 13 extend at an angle
from each of lighting strips 9. Each reflector 13 desirably
includes a base portion (discussed in more detail herein)
with a pair of side walls 41 extending from opposite sides
thereof at an angle. Desirably, side walls 41 are integral with
the base portion of reflector 13. Reflector 13 may be
constructed of any reflective material, and may include a
protective polymer coating thereon. Desirably, the material
forming each reflector 13 has a reflectivity that is on the
order of 95% to 98% reflective. Additionally, the polymer
coating prevents corrosion on reflector 13. An exemplary
reflective material is silver-coated aluminum, which is not to
be construed as limiting, and any highly-reflective material
may be used to construct the reflector assemblies.

With specific reference to FIGS. 2 and 3, lighting fixture
1 further includes a power supply and control circuitry (not
shown) positioned within a rear housing 17 mounted on rear
side 7 of base plate 3. The power supply and control circuitry
are electrically coupled to the plurality of LEDs 11 to
provide effective lighting control, as described in more detail
with respect to the embodiment of FIGS. 4-7. Housing 17
may also include a window 19 with a light detector in the
form of a photoelectric eye 21 positioned thereunder. In
order to efficiently transfer light from window 19 to photo-
electric eye 21, an acrylic rod or fiber optic array (not
shown) may be positioned between window 19 and photo-
electric eye 21. In the present non-limiting embodiment,
photoelectric eye 21 provides electronic signal(s) to the
control circuitry which causes LEDs 11 to turn on when
surrounding ambient light has dropped below a predeter-
mined level as will be described hereinafter.

An LED light (not shown) may also be mounted on rear
side 7 of base plate 3 and be coupled to the power supply and
control circuitry for when, for example, utility workers are
working on the pole where light fixture 1 is mounted. Such
a separate, rear-mounted LED provides utility workers with
appropriate lighting above lighting fixture 1. This additional
LED light may be turned on manually through the use of a
magnetic switch, by an infrared sensor or by an ultrasonic
sensor, as examples.

With reference to FIGS. 4-7, an alternative embodiment
of a lighting fixture 101 is illustrated. Lighting fixture 101
generally includes a housing 102 defined by a base plate 103
having a front side 105 forming a generally interior housing
surface and a rear side 107 forming a generally outer
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housing surface for the lighting fixture. Lighting fixture 101
includes at least one and, preferably, a plurality of light
emitting sub-assemblies 104, again also referred to herein as
a lighting arrangement, particularly an LED lighting
arrangement. Each light emitting sub-assembly 104 includes
a lighting strip 109 comprised of one or more surface-
mounted LEDs 111 mounted to a circuit board substrate or
base member 142 and each light emitting sub-assembly 104
may further include a reflector 141 mounted in a manner
extending away from the lighting strip 109, as will be
described in more detail herein. Each lighting strip 109 is
mounted either directly or indirectly to base plate 103 in a
manner permitting effective and efficient heat transfer
between the LEDs 111 mounted to base member 142 and
base plate 103, as will be described in further detail herein.
It is desirable for the LEDs 111 to be mounted in a linear row
or arrangement so that reflector 141 may effectively reflect
light emitted by the LEDs 111, amplify this light and direct
the light in a manner effective for the intended purpose of the
lighting fixture 101, for example, as use as streetlight in the
instant example or for other applications such as a spotlight,
office overhead light, and other applications. The reflector
141 may be configured to reflect and amplify the light from
the LEDs 111 to achieve the light characteristics that are
desired for the lighting fixture 101.

While it is noted that the number of lighting strips 109
may be dependent upon the intended use of the lighting
fixture, the embodiment of FIGS. 4-7 includes four lighting
strips 109, shown to be effective in the intended use of the
present lighting fixture as a streetlight. Moreover, each
lighting strip 109 includes a plurality of linearly-arranged,
surface-mount LEDs 111 mounted to base member 142.
Base member 142 is desirably constructed, at least in part,
of a similar material as base plate 103, such as aluminum or
aluminum alloy, preferably an anodized aluminum alloy. In
the illustrated embodiment, each lighting strip 109 includes
eight linearly-arranged LEDs 111 mounted to base member
142. However, this is not to be construed as limiting, as any
suitable number of LEDs 111 may be mounted to each
lighting strip 109. As with the previous embodiment, LEDs
111 are desirably high-power LEDs such as the LUXEON®
REBEL manufactured by Phillips Lumileds Lighting Com-
pany or the CREE® XLAMP® XR-E LED manufactured by
Cree, Inc. Alternatively, plasma emitter bulbs may be used
instead of LEDs 111. Such plasma emitter bulbs are cur-
rently manufactured by Luxim® Corporation, as noted pre-
viously.

Base plate 103 along with transparent cover 106 essen-
tially forms the complete housing 102 of lighting fixture
101. Base plate 103 is typically constructed of a suitable
material to structurally support lighting fixture 101 and to
provide effective protection for the components and circuitry
within lighting fixture 101. Moreover, base plate 103 serves
at least another purpose in that it also acts as a material for
effectively and efficiently transferring thermal energy from
LEDs 111 to dissipate heat therefrom, as will be further
detailed herein. Briefly, it is envisioned that the interaction
of base plate 103 and base member 142 effectively and
efficiently conducts heat away from LEDs 111 and base plate
103 is desirably adapted to transfer the heat energy to the
ambient environment using any one or more of conductive,
convective, and radiation heat transfer modes to the ambient
environment. To achieve effective and efficient heat transfer,
base plate 103 may be constructed from any structurally
supportive material that is adapted for transferring thermal
energy. Base plate 103 is desirably constructed of aluminum
or an aluminum alloy, such as aluminum alloy 1100 or
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aluminum alloy 3003 and, in particular, aluminum alloys
subjected to an anodizing treatment. Base plate 103 may
have an exemplary thickness about % to %4 inch thick. By
anodizing the aluminum used to construct base plate 103, the
base plate 103 is provided with a heat-transferring surface
texture, typically a non-uniform or non-smooth, somewhat
roughened surface texture that increases the ability of the
base plate 103 to transfer heat energy to the ambient
environment and, accordingly, the anodizing process
enhances the heat dissipating properties of base plate 103,
thereby allowing it to function as a particularly effective and
efficient heat transfer device or mechanism, also termed
herein as a “thermal radiator”. Moreover, base plate 103 may
further include a plurality of thermal radiating fins 114 on
rear side 107 to provide additional surface area for convec-
tive heat transfer and dissipation to the ambient environ-
ment, such that the LEDs 111 stay cool regardless of the
outdoor temperature. Additionally, base plate 103 has an
outer peripheral edge 112 that is curved away from a body
of the base plate 103 at an angle of approximately 90°.

Desirably, lighting fixture 101 includes a transparent
cover 106. Transparent cover 106 may be manufactured
from any suitable material such as, but not limited to, a
polymeric material, such as acrylic, ballistic acrylic, ther-
moplastic, polycarbonate, and the like. Cover 106 is coupled
with base plate 103 using any suitable mechanical fastening
arrangement, so long as a generally airtight seal is main-
tained about the perimeter of housing 102, thereby main-
taining the interior portion of lighting fixture 101 as a sealed
interior environment.

With specific reference to FIGS. 6A-6B, and with con-
tinuing reference to FIGS. 4A-4B, 5 and 7A-7B, transparent
cover 106 may be fitted such that an outer edge 108 is
positioned adjacent to outer peripheral edge 112 of base
plate 103. Desirably, a gasket 113 is positioned between
outer edge 108 of transparent cover 106 and outer peripheral
edge 112 of base plate 103 to provide a generally fluid-tight
seal therebetween. Transparent cover 106 may also include
at least one protective vent 118. Protective vent 118 provides
an effective barrier against harsh weather conditions (e.g.,
rain, snow, high winds), while allowing water vapor to exit
effectively from within transparent cover 106, thereby
reducing the likelihood of condensation accumulating
beneath transparent cover 106. Protective vent 118 equalizes
pressure between the transparent cover and the ambient
environment and is desirably able to vent moisture that
becomes trapped within the interior enclosure of housing
102 generally defined by transparent cover 106 and base
plate 103, while allowing only dry air to enter into the
enclosure created by transparent cover 106. An example of
such a protective vent 118 is the GORE™ Protective Vent
manufactured by W.L. Gore & Associates, Inc.

Once transparent cover 106 is fitted to base plate 103, a
suitable clamp arrangement, such as a plurality of spring
clips 115, is positioned over outer edge 108 of transparent
cover 106 and outer peripheral edge 111 of base plate 103 to
fixedly hold transparent cover 106 to base plate 103. Spring
clips 115 are desirably formed with securing structure 117,
such as teeth, positioned on an inner surface thereof. Spring
clips 115 are desirably adapted to allow for transparent cover
106 to be quickly and easily removed. For example, a special
tool may be provided for use with spring clips 115 to open
and remove spring clips 115 from association with trans-
parent cover 106 and base plate 103. It is desirable that, if
this specialized tool is not used, securing structure 117 on
spring clips 115 will scratch and otherwise damage trans-
parent cover 106 when removal of spring clip 115 is
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attempted. This visible damage to transparent cover 106 can
provide clear evidence to an authorized repair technician
that someone has tampered with lighting fixture 101.

With reference to FIGS. 8 and 9 and with continuing
reference to FIGS. 4-7, a further embodiment of a mounting
bracket in the form of pole mounting member 119 is coupled
to rear side 107 of base plate 103. Pole mounting member
119 includes a first clamp member 121 and a second clamp
member 123. First clamp member defines a first arcuate
surface 125 and second clamp member defines a second,
opposing arcuate surface 127. First arcuate surface 125 and
second arcuate surface 127 are configured to face one
another and capture a pole (not shown) therebetween. Once
the pole is captured between first clamp member 121 and
second clamp member 123, a first bolt 129 and a second bolt
131 may be inserted and tightened thereby securing the pole
between first clamp member 121 and second clamp member
123. First clamp member 121 and second clamp member
123 desirably each have an inside surface having a waffle
pattern thereon. This waffle-pattern grips the pole when it is
positioned between first clamp member 121 and second
clamp member 123 thereby preventing rotation of the light-
ing fixture 101 relative to the pole. First clamp member 121
and second clamp member 123 each also define a pair of
arcuate slots 133, 135. Arcuate slots 133, 135 are configured
to receive respective bars 137. Mounting bars 137 are
designed to move within arcuate slots 133, 135 to allow
lighting fixture 101 to be angularly adjusted for use in
directing light output from lighting fixture 101. In a typical
mounting scenario, lighting fixture 101 is mounted to an
extension pole extending from an upstanding pole (such as
a telephone-style pole) and it is desired that lighting fixture
101 be positioned with the transparent cover 106 thereof
facing downward and generally parallel to the ground sur-
face, thereby directing light output directly downwardly.
The arrangement of mounting bars 137 and arcuate slots
133, 135 provide lighting fixture to be mounted in such a
manner regardless of the angle that the extension pole
extends from the upstanding pole, as will be appreciated by
those skilled in the art. It is also contemplated that alterna-
tive mounting clamps may be utilized with the present
lighting fixture, depending upon the particular installation
application.

With reference to FIGS. 10 and 11, and with continuing
reference to FIGS. 4-7, lighting fixture 101 includes a
plurality of light emitting sub-assemblies 104 including
LED lighting strips 109 on front side 105 of base plate 103.
Each lighting strip 109 includes a plurality of surface-mount
LEDs 111 mounted onto circuit board or base member 142
in electrical contact/connection therewith and a reflector 141
mounted thereto. In the present embodiment, reflector 141
defines multiple facets formed therein that amplify the light
provided by LEDs 111 as will be discussed in greater detail
hereinafter. Such facts may be angled formations in the body
of the reflector 141 but reflector 141 is not intended to be
limited to such facets. Facets should be read broadly in
connection with this disclosure as a formation(s) in the body
of reflector 141 that amplify the light output of the LEDs 111
and direct the amplified and desirably uniform light outward
from the light fixture 101 for any desirable application. This
sets forth certain exemplary and non-limiting applications
for light fixture 101 such as street-lighting or office overhead
lighting, as mentioned previously. It is noted that in FIG. 4B,
reflectors 141 are omitted for clarity purposes.

The incorporation of LEDs into conventional lighting
fixtures can be problematic due to excessive heat build-up
within the lighting fixture, which can deleteriously affect
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performance and lifespan of the LEDs. Lighting fixtures 1,
101 in accordance with this disclosure exhibit effective and
efficient dissipation of the heat generated by LEDs 11, 111.
In particular, this heat dissipation is accomplished utilizing
the entire housing of the lighting fixture 1, 101 as a heat
transfer device which effectively transfers heat energy gen-
erated LEDs 1, 111 to the external environment. In the
foregoing, it was noted that base plate 103 may be formed
of specific materials having suitable heat transfer character-
istics and this material may be anodized and coated to
provide a surface texture on the base plate 103 having
enhanced heat transferring properties. Heat-transfer fins 114
are also provided on base plate 103 for improving heat
transferring attributes of base plate 103. A further aspect of
the heat transferring ability of light fixture 101 in particular
is the arrangement of LEDs 111 with circuit board base
member 142 and the mounting of the base member 142 to
the base plate 103. As described next herein, this arrange-
ment enhances the heat transfer from LEDs 111 to base plate
103.

More particularly, as noted previously, each lighting strip
109 includes a singular line of LEDs 111 mounted onto base
member 142. Base member 142 is desirably constructed of
the same material as base plate 103. As shown in FIGS.
10A-10C, base member 142 represents a circuit substrate for
LEDs 111, including a metallic base supporting substrate
layer 142a, such as anodized aluminum oxide, with a
non-conductive layer 1426 on a surface thereof, such as a
ceramic layer or enamel layer. Electronic circuitry is then
printed onto the non-conductive layer 1425, with a second
non-conductive layer positioned over the circuitry. Such a
configuration is generally known in the semi-conductor art
and the illustration of metallic base supporting substrate
layer 142a and non-conductive layer 1425 is for explanatory
purposes only. If desired, a fiberglass layer may also be
provided between the circuitry and the second non-conduc-
tive layer. The LEDs 111 are mounted to the surface of base
member 142 in electrical contact with the circuitry therein,
thereby forming each lighting strip 109.

Reflector 141 is further mounted on the surface of base
member 142, with LEDs 111 extending through openings
144 through the base portion of reflector 141. In particular,
each reflector 141 comprises opposed side walls defining
facets, as mentioned previously; various embodiments of
reflector 141 are described herein but each such embodiment
is generally in the form of an elongated channel structure
having a base portion or member and side walls defining said
facets. The base portion or member is desirably positioned
flush with the top surface of base member 142 of lighting
strip 109 and is mounted thereon using suitable fastening
means, such as an adhesive, bolts, rivets, and the like. As
noted, reflector 141 defines openings 144 through the base
portion such that when reflector 141 is mounted to base
member 142, light from LEDs 111 can reflect off the interior
surfaces of the side walls of the reflector 141, as will be
described in greater detail with reference to the reflector
embodiments depicted in FIGS. 16-21. Each lighting strip
109 with reflector 141 mounted thereto thereby forms each
light emitting sub-assembly 104. Each lighting strip 109 also
includes an electrical connector 149 that allows the lighting
strip 109 of the light emitting sub-assembly 104 to be
operatively connected to a driver circuit 150. As will be
discussed in greater detail hereinafter, driver circuit 150
divides the power output from a power supply 151 equally
among the plurality of lighting strips 109, such as four
lighting strips 109 in the instant embodiment, with little to

Page 32 of 38

25

40

45

12

no variation in amperage between the respective lighting
strips 109. This division is effective in extending the lifespan
of LEDs 111.

Returning to the heat transfer attributes of lighting fixture
101, base plate 103 of entire housing 102 forms a mecha-
nism for dissipating thermal energy to the ambient environ-
ment, essentially creating a heat transfer mechanism for
dissipating heat generated by the LEDs 111 in each lighting
strip 109. An aspect of the mounting of LEDs 111 on lighting
strip 109 is that there is significant physical contact between
the bottom surface of lighting strip 109 and base plate 103
which provides robust heat transfer between the lighting
strip 109 and base plate 103 and heat produced the LEDs 111
on the lighting strip 109 is effectively conducted to base
plate 103 for transfer to the ambient environment. Accord-
ingly, in summary, the housing 102 of lighting fixture 101
acts as a thermal radiating mechanism or device in accor-
dance with this disclosure. To further explain the foregoing,
direct physical contact between the portion of lighting strip
109 and base plate 103 generally comprises base member
142 being in significant surface area contact with base plate
103 such that any gap between the inter-contacting surfaces
is less than one hundredth of an inch (0.01 inches), and
preferably less than about one thousandth of an inch (0.001
inches). This inter-contacting surface engagement is effec-
tive in achieving the desired heat transfer from the respec-
tive lighting strips 109 to base plate 103. Accordingly, this
disclosure contemplates the foregoing-described engage-
ment of each lighting strip 109 with base plate 103 to
achieve the desired cooling of LEDs 111. As noted, base
member 142 for each lighting strip 109 may be mounted
directly to base plate 103 or indirectly to base plate 103 by
some intervening structure. Any such intervening structure
is desirably connected to base plate 103 so as not to inhibit
substantially the heat transfer between base member 142 and
base plate 103 of housing 102.

In order to secure and maintain the substantial surface
area contact between each lighting strip 109 and base plate
103 for each of the light emitting sub-assemblies 104,
conventional fastening methods may be used to mount the
respective lighting strips 109 to the front side 105 of base
plate 103. Such conventional fastening methods include, for
example, using mechanical fasteners such as screws, bolts or
rivets, conductive adhesives, welding, or other known
attachment means. In certain embodiments, portions of light
emitting sub-assembly 104 may be interconnected using
mechanical fasteners that extend below the bottom surface
of the sub-assembly 104, such that the bottom surface of the
thus-prepared light emitting sub-assembly 104 includes a
discontinuous surface. For example, reflector 141 may be
attached to lighting strip 109 through a rivet, which extends
through respective holes in base member 142 of lighting
strip 109 below the bottom thereof creating a protrusion,
thereby preventing the bottom surface of lighting strip 109
from providing a smooth surface for direct contact with a
separate surface, such as base plate 103. In such embodi-
ments, it is contemplated that a separate mounting bracket
may be used to support the lighting strips 109 on base plate
103 so as to maintain effective contact for heat transfer, and
such intervening structure should not inhibit heat transfer
from the lighting strips 109 to the base plate 103 in accor-
dance with this disclosure. For example, as depicted in
FIGS. 4-5, lighting strips 109 may be mounted to a separate
mounting stage 148, such as in the form of a u-shaped
channel, which is directly mounted to base plate 103. In
particular, base plate 103 may include a series of mounting
stages 148 as a u-shaped channel that is unitarily formed
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with base plate 103 or otherwise connected thereto, such as
through welding, for providing effective heat transfer ther-
ebetween. Mounting stages 148 desirably conduct heat
energy effectively and efficiently from lighting strips 109 to
the main body of base plate 103.

Moreover, each lighting strip 109 may further be mounted
onto a separate mounting member 143. In particular, each
light emitting sub-assembly 104 may further include a
mounting member 143 acting as a support plate for mount-
ing base member 142 of lighting strip 109 (including elec-
trically connected LEDs 111) thereto. Mounting member
143 may be formed of any suitable material adapted for
providing structural support to lighting strip 109, and is
desirably formed of the same material as base member 142
of lighting strip 109, such as an anodized aluminum alloy,
having the desirable heat transfer characteristics described
previously. Mounting member 143 generally has the same
thickness as base member 142, and is desirably of the same
general length as base member 142 and desirably has a width
greater than 1.5 times that of base member 142 and, more
desirably, a width equal to or greater than two times that of
base member 142. In this manner, any protrusion formed
from a fastening member extending through base member
142 will be offset from the attachment between mounting
member 143 and stage 148. Thus, light emitting sub-assem-
bly 104 may be effectively attached to base plate 103 via
stage 148 with substantially the entire bottom surface of
lighting strip 109 contacting mounting member 143, and
with mounting member 143 effectively contacting the entire
upper surface of stage 148. Accordingly, stage 148 provides
a mechanism for offset attachment of light emitting sub-
assembly 104 so as to provide for sufficient contact between
mounting member 143 and the upper surface of stage 148 for
effect thermal transfer.

In addition, the general shape of stage 148 (shown as a
general u-shape) can further provide a mechanism for addi-
tional surface area for heat transfer so as to further dissipate
heat generated by LEDs 111 through mounting member 143.
In such embodiments, mounting member 143 (including
lighting strip 109 attached thereto) may be connected to
stage 148 in any known manner. In one particular embodi-
ment as shown in FIGS. 4 and 10A, mounting member 143
defines a plurality of spaced grooves 145 formed along one
longitudinal end thereof. Each of the grooves 145 is con-
figured to receive a fastening member 147 to mount lighting
strip 109 to stage 148 and, thereby, to the front side 105 of
base plate 103. By providing a plurality of grooves in a
spaced manner, a plurality of fastening members can be used
to mount lighting strip 109, thereby ensuring proper contact
between the bottom surface area of mounting member 143
and stage 148 to provide effective heat transfer therebe-
tween, which is effectively accomplished by limiting the gap
between the bottom surface of mounting member 143 and
the top surface of stage 148 to less than about 0.01 inches.

It will be appreciated from, for example, FIG. 5 that each
of the lighting strips 109 is mounted to an individual stages
148 provided on the front side 105 of base plate 103. By
mounting lighting strips 109 to such individual stages 148,
the individual lighting strips 109 can easily be mounted or
removed from base plate 103 expediting replacement of a
defective and/or damaged lighting strip 109. Accordingly, in
addition to providing effective heat transfer between LED
lighting strips 109 to base plate 103, the foregoing mounting
configuration allows for a quick and easy change of LED
lighting strips 109, for example, if one of LED lighting strips
109 is damaged or defective. It is known that in conventional
incandescent lighting fixtures, replacement of a worn out or
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defective lamp involves mere replacement of the bulb unit.
LED lights, however, represent circuit chips that are elec-
trically mounted onto a circuit board. Accordingly, replace-
ment of a worn or defective LED chip involves replacement
of the entire LED board. The attachment and mounting
configuration contemplated through the various embodi-
ments in this disclosure provides a mechanism for quick and
easy replacement of one or more LED lighting strips 109,
without requiring significant modification or rebuilding of
the lighting fixture. Moreover, by providing multiple strips
of LEDs in a single fixture, if one LED light or strip fails,
the fixture will still be able to provide light output through
the remaining functional lighting strips, albeit at a reduced
level, until such time that the malfunctioning lighting strip
or individual lighting assembly can be replaced.

In particular, in order to gain access to the interior of the
lighting fixture, 101, transparent cover 106 is removed by
removal of clamps 115. Fastening members 147 positioned
in grooves 145 can then be loosened and removed using an
appropriate tool. Next, the defective or damaged LED
lighting strip 109 is removed from front side 105 of base
plate 103. Then, electrical connector 149 is disconnected
from driver circuit 150. Finally, a new LED lighting strip
109 is supplanted for the defective or damaged LED lighting
strip 109. Transparent cover 106 is then reassembled to base
plate 103.

In a variation shown in FIGS. 11A and 11B, lighting strips
109 may be configured to be mounted to stages 148 in a
slightly different manner Lighting strip 109 of FIGS. 11A-
11B is identical to that disclosed in previous embodiments,
with the exception that “keyhole” shaped openings 156
extend through the surface of lighting strip 109. Such
keyhole openings 156 provide a mechanism for attachment
of lighting strip 109 to base plate 103 of housing 102. In
particular, in such an embodiment, mechanical fasteners,
such as screws, may be inserted into keyhole openings 156
and extend through corresponding openings 158 in under-
lying mounting member 143 to engage a stage 148 on base
plate 103. The mechanical engagement is desirably sufficient
to enable effective and efficient heat transfer between the
lighting strip 109 and base plate 103. The keyhole openings
156 allow lateral adjustment of lighting strip 109 relative to
mounting member 143 to allow for proper attachment of a
reflector 141 to the lighting strip 109. Moreover, a plurality
of spaced fasteners are desirably used so as provide for
effective surface contacting engagement between the bottom
surface of lighting strip 109 and the top surface of stage 148
on base plate 103 for effective heat transfer therebetween, as
discussed previously. It will be clear that the use of indi-
vidual stages 148 for mounting the respective lighting strips
109 to base plate 103 may be eliminated such that the
lighting strips 109 are mounted directly to base plate 103.

With reference to FIGS. 12 and 13, and with continuing
reference to FIGS. 4-7, lighting fixture 101 includes a power
supply 151, driver circuit 150 and computer circuit 160.
Power supply 151 is desirably positioned within a housing
153 mounted on rear side 107 of base plate 103. Driver
circuit 150 and computer circuit 160 are desirably mounted
on front side 105 of base plate 103 beneath transparent cover
106, thereby providing effective protection from the envi-
ronment. Power supply 151 is electrically coupled to a
control board in the form of computer circuit 160 via a wire
155 extending through base plate 103. Computer circuit 160
is, in turn, coupled to a driver circuit board 150. Driver
circuit 150 is electrically coupled to each lighting strip 109
via individual electrical connectors 149. Driver circuit 150
divides the power output from a power supply 151 equally
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among the four lighting strips 109 in the present embodi-
ment. Driver circuit 150 is electrically coupled to and
controlled by computer circuit 160 to control operation of
the individual lighting strips 109.

Each individual LED 111 is electrically connected in
series on each respective lighting strip 109. Moreover, each
respective lighting strip is connected in parallel to driver
circuit 150. Such an arrangement provides the driver circuit
150 with the ability to maintain the amperage constant even
in the event that one or more LEDs 111 in any of the
respective lighting strips 109 should fail. Such an arrange-
ment also prevents an overload of power to any of the
lighting strips 109 or other LEDs 111 thereon in the event of
such a failure of one or more LEDs, thereby preventing
premature burn out and failure of the remaining working
LEDs, such as to prior to replacement of and individual
lighting strip 109.

When lighting fixture 101 is used as a street lighting
fixture, as an example, a light detector is desirably provided
in association with the light fixture 101. In one exemplary
form, the light detector comprises a photoelectric eye 170
that is mounted on housing 153 of power supply 151 and is
electrically coupled to computer circuit 160. Photoelectric
eye 170 is provided to turn on the LEDs 111 when surround-
ing ambient light has dropped below a predetermined level
as will be described hereinafter. An exemplary embodiment
of computer circuit 160 is illustrated in FIG. 13. Computer
circuit 160 utilizes a microcontroller chip 1300 as the
primary means for controlling the light output by lighting
fixture 101. However, this is not to be construed as limiting
as the use of other circuitry configurations, microprocessors,
and microcontrollers may be substituted. Likewise an exem-
plary embodiment of driver circuit 150 is illustrated in FIG.
12.

As may be inferred from the foregoing, computer circuit
160 is provided for automated control of various functions
of lighting fixture 101. For example, computer circuit 160
may include circuitry for controlling a remote camera (not
shown) that may be provided with lighting fixture 101.
Additionally, computer circuit 160 may include circuitry for
interaction with a separate wireless device that is adapted for
programming the control board for operation of the lighting
fixture. For example, computer circuit 160 may include
circuitry to communicate with a separate remote control
device via two-way radio-frequency (RF) so as to program
the lighting fixture 101. Other communication vehicles for
communication with computer circuit 160, such as via
infrared (IR) light, are intended to be encompassed by this
disclosure. Moreover, lighting fixture 101 may include a
solar-power capability for powering computer circuit 160
and lighting strips 109.

Desirably, computer circuit 160 works in conjunction
with photoelectric eye 170 to automatically turn exemplary
street lighting fixture 101 on and off based on ambient light
conditions, and to adjust the lighting at predetermined time
periods. With reference to FIG. 14, the on-off and power
adjustment features of lighting fixture 101 are schematically
illustrated. First, power is supplied to computer circuit 160
thereby initializing the computer circuit 160 at block 1400.
Next, at block 1410, photoelectric eye 170 looks for dimin-
ished ambient light, signaling, for example, the arrival of
dusk, if the lighting fixture 101 is intended for use as a street
lamp, and this information is provided as an input to
computer circuit 160. Once sufficiently diminished light
(such as at dusk), as detected by photoelectric eye 170, is
determined by computer circuit 160, the computer circuit
160 turns lighting fixture 101 on at full power at block 1420.
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As an option, at blocks 1430 and 1440, after a predeter-
mined period of time, the power of the light output may be
reduced by a predetermined amount for further energy
conservation, for example, in the middle of the night when
fewer people are likely to be in the vicinity of street lighting
fixture 101. For example, if computer circuit 160 turns on
the lighting fixture 101 at, for example, dusk, a counter in the
computer circuit 160 may begin counting. After a prepro-
grammed period of time has elapsed, such as six hours, the
computer circuit 160 may reduce power to the LEDs 111 to
save power. As another alternative, computer circuit 160
may be programmed to turn on the lighting fixture 109 at a
scheduled time, such as at 6:00 PM. Then, after a prepro-
grammed period of time has elapsed, power to the LEDs is
reduced by a certain amount, thereby providing for reduced
light output and reducing power consumption. The amount
of power reduction may be programmed in advance, for
example, by reducing power consumption to about 25% to
75% of the full power output at selected point in time after
the counting has begun. With the present lighting fixture
101, it has been discovered that the power reduction to light
output ratio is not a 1:1 ratio, such that, for example, a 50%
reduction in power output continues to provide for an overall
light output of the lighting fixture of about 75% of the
normal light output, thereby resulting in only about a 25%
reduction in light output with a 50% reduction in power.

Thereafter, at block 1450, photoelectric eye 170 looks for
increased ambient light signaling, for example, the arrival of
dawn. Once sufficient ambient light (such as at dawn) is
detected by photoelectric eye 170 at block 1460, LEDs 111
of lighting fixture 101 are turned off by the computer circuit
160 and the process returns to block 1410. In accordance
with the foregoing, by reducing power by 25% to 75% after
lighting fixture 101 has been on for a predetermined period
of time, a savings of up to 90% of power over a current
mercury vapor streetlight or high pressure sodium streetlight
can be achieved. Additionally, this process extends the life
of LEDs 111.

In addition, the controller of computer circuit 160 also
provides a safety start feature. The safety start feature allows
the LEDs 111 to turn on slowly over a predetermined time
interval. The LEDs 111 start at an off position. Once the
computer circuit 160 sends a signal to turn on the LEDs 111,
the LEDs are turned on at a low power and the power is
gradually increased over a predetermined period, such as a
2 to 3 second interval, until full power is reached. The
purpose of this safety start feature is to protect the human
eye from sudden brightness created when the LEDs 111 are
turned on at full power. This feature also prevents “welder’s
flash” when the LEDs 111 are turned on.

With reference to FIG. 15, and continuing reference to
FIGS. 4-7, an exemplary use of lighting fixture 101 is as a
streetlight 180. Lighting fixture 101 is configured to be
mounted by pole mounting member 119 to a pole 181 at a
height sufficient to provide adequate lighting to a street 183
or surface below. For instance, if lighting fixture 101 is
mounted on a pole at a height of about 30 feet above a street,
lighting fixture 101 provides a lighting pattern that extends
about 50 feet from the base of the pole and about 65 feet on
either side of the pole. It is further contemplated that lighting
fixture 101 can be adapted for other attachment mechanisms,
such as a rectangular pole, a surface mount, etc.

In the foregoing use of lighting fixture 101 as a streetlight,
the inventors have determined that for providing effective
light output at a conventional distance for a streetlight (such
as about 25-40 feet from the ground surface), four lighting
strips 109 including 8 separate LED chips mounted thereon
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is particularly useful, with each LED chip rated at 80-120
lumens. For example, the light output with such an arrange-
ment having individual LED chips rated at 107lumens each
represents about 2.5 foot-candles at a distance of 32 feet
without any reflectors attached to the lighting strips. When
the reflectors are attached to the lighting strips, a similar
arrangement with individual LED chips rated at 107 lumens
each represents about 6.7 foot-candles at a distance of 32
feet. Accordingly, the reflector arrangement significantly
amplifies and intensifies the light output for the lighting
fixture 101.

Lighting fixture 101 may be assembled by the following
general and non-limiting procedure. First, driver circuit 150
and control circuit 160 are mounted to base plate 103 and
electrically interconnected. Then, lighting strips 109 are
mounted to base plate 103 via the individual mounting
members 143 and/or stages 148 and using suitable fastening
means such as mechanical fasteners and the like. Next, each
lighting strip 109 is electrically coupled to driver circuit 150
by individual electrical connectors 149. Next, individual
reflectors 141 are mounted onto lighting strips 109 as
discussed hereinafter with reference to FIG. 16. Transparent
cover 106 may then be positioned over base plate 103 and
secured thereto with spring clips 115. Pole mounting mem-
ber 119 is mounted to rear side 107 of base plate 103, and
is adapted to cooperate with pole 181 as shown in FIG. 15.
Power supply 151 is installed within housing 153 and is
electrically connected to control circuit 160 through base
plate 103, and light detector 170 is attached to housing 153
and electrically connected to control circuit 160.

With reference to FIG. 16, a cross-sectional view of an
exemplary lighting strip 109 having LEDs 111 mounted
thereon and a reflector assembly 141 extending therefrom is
illustrated. In this exemplary embodiment, the reflector
assembly includes a base member 184 and a pair of desirably
integral side walls 185 extend from opposite sides of the
base member 184 at an angle. Each LED 111 includes a light
emitting portion 187. Reflector assembly 141 is mounted to
lighting strip 109 such that a bottom edge of each side wall
185 extends from a bottom portion of light emitting portion
187 of LED 111. Each side wall 185 of reflector assembly
141 includes a first facet or first portion 186 defining a first
angle 6 with the base portion 184 of reflector 141 adjacent
the bottom portion of light emitting portion 187 of LED 111,
and a second facet or second portion 188 that defines a
second angle @ with first portion 186. The combination of
these angles creates facets in side walls 185, thereby creating
a multi-faceted side wall which amplifies the light provided
by LEDs 111. It is contemplated that the multiple facets
reflect the light that is output from the LEDs back toward
other facets of the walls of reflector 141, thereby amplifying
the light. However, this is not to be construed as limiting as
this definition of a multi-faceted reflector may also include
reflectors having a parabolic shape. In addition, the arrange-
ment of reflector 141 extending from base member 184
allows all of the light produced by LEDs 111 to be reflected
and amplified by reflector 141. The angles in side walls 185
of reflector 141 along with the arrangement of reflector 141
such that it extends from the bottom portion of light emitting
portion 187 of LED 111 allows lighting fixture 101 to
produce useable light while using a small number of LEDs
111 (e.g., the exemplary embodiment illustrated in FIG. 4
has eight LEDs 111 per lighting strip 109 and four lighting
strips 109 for a total of thirty-two LEDs 111).

With reference to FIGS. 17 through 21, exemplary alter-
native reflectors for use with lighting fixture 1 and lighting
fixture 101 are illustrated. FIG. 17 provides a cross-sectional
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view of a first reflector, generally denoted as reference
numeral 200 that is also desirably used when lighting fixture
1 or lighting fixture 101 is used as a streetlight but provides
a different effect from the previously discussed embodiment.
Reflector 200 includes a base portion or member 201 with a
pair of integral side walls 203 extending from opposite sides
thereof at an angle. Base member 201 includes a plurality of
holes 205 used to fasten reflector 200 to lighting strip 9 or
lighting strip 109 using any suitable fastening means. Base
member 201 also defines a plurality of gaps or openings 207
formed therein. Base member 201 of reflector 200 is
mounted over one of the lighting strips 9 or lighting strips
109 such that surface-mount LEDs 11 or LEDs 111 posi-
tioned on lighting strips 9 or strips 109 extend through gaps
207 and side walls 203 of reflector 200 extend at an angle
from lighting strip 9 or strip 109.

Each of side walls 203 of reflector 200 has several angles
therein as shown in FIG. 17. Each side wall 203 of reflector
200 includes a first portion 209 that extends from base
member 201 at a first angle 6 of, for example, about 115° to
about 130°, such as about 123°. Side walls 203 further
include a second portion 211 that defines a second angle @
with the first portion 209; this angle is approximately
between 160° to about 180°, such as about 170°. Finally,
side walls 203, in the present configuration, include a third
portion 213 that defines a third angle o with the second
portion 211; this angle is again about 160° to about 180°,
such as about 170°. This configuration creates an overall
angle of about 40° between ends 215 of each of side walls
203 of reflector 200. The combination of these angles creates
facets in the reflector which amplify the light provided by
LEDs 11 or LEDs 111. In addition, side walls 203 of
reflector assemblies 200 amplifies the light from each of the
plurality of strips 9 or strips 109 of LEDs 11 or LEDs 111
and spreads the light into what appears to be a wash or bath
of light.

Reflector 200 is desirably constructed from a sheet of
silver-coated aluminum with a protective polymer coating.
Such a material has a reflectivity that is from about 95% to
98% reflective. Additionally, the polymer coating prevents
corrosion on reflector 200. However, the use of silver-coated
aluminum reflectors is not to be construed as limiting as any
highly-reflective material may be used to construct the
reflector assemblies. Once the sheet of silver-coated alumi-
num is obtained, each reflector 200 is cut from the sheet
desirably using a laser thereby forming a reflector blank,
denoted generally as reference numeral 217. Reflector blank
217 is a flat sheet that that shaped to form side walls 203
extending from base member 201, and a plurality of holes
205 and a plurality of gaps 207 are cut in the reflector blank
217 using, for example, a laser. Reflector blank 217 is then
bent into the shape discussed hereinabove using a brake
press.

With reference to FIG. 19, another possible configuration
for a reflector is shown. This reflector 300 includes a base
portion or member 301 with a pair of integral side walls 303
extending from opposite sides thereof at an angle. Each of
side walls 303 of reflector 300 has several angles therein as
shown in FIG. 19. Each side wall 303 of reflector 300
includes a first portion 305 that extends from lighting strip
9 or strip 109 at an initial or first angle 0 of, for example,
about 115° to about 130°, such as about 121°. Side walls 305
of reflector 300 further include a second portion 307 that
defines a second angle @ with the first portion 305; this
angle is approximately between 160° to about 180°, such as
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about 170°. This configuration creates an overall angle of
about 60° between ends 309 of each side wall 303 of
reflector 300.

The combination of these angles creates facets in side
walls 303 of reflector 300 which amplify the light provided
by LEDs 11 or LEDs 111. In addition, side walls 303 of
reflector 300 direct the light from each of the plurality of
lighting strips 9 of LEDs 11 or strips 109 of LEDs 111 and
focus the light into what outwardly appears to be a uniform
beam of light. Reflector assemblies 300 are constructed from
silver-coated aluminum with a protective polymer coating as
described previously.

With reference to FIGS. 20 and 21, yet another possible
configuration for a reflector is shown and is denoted gener-
ally as reference numeral 400. This reflector 400 includes a
base portion or member 401 with a pair of integral side walls
403 extending from opposite sides thereof at an angle. Each
side wall 403 of reflector 400 has several angles therein as
shown in FIG. 20. Each side wall 403 of reflector 400
includes a first portion 405 that extends from base member
401 at a first angle 6 of, for example, about 110° to about
120°, such as about 115°. Side walls 403 further include a
second portion 407 that defines a second angle ® with the
first portion 405; this angle is, for example, about 170° to
about 180°, such as about 177°. The combination of the
foregoing angles creates facets in the reflector 400 that
amplify the light provided by LEDs 11 or LEDs 111. In
addition, side walls 403 of reflector assemblies 400 direct
the light from each of the plurality of lighting strips 9 of
LEDs 11 or strips 109 of LEDs 111 and focus the light into
what outwardly appears to be a uniform beam of light.
Reflector assemblies 400 are also constructed from silver-
coated aluminum with a protective polymer coating in like
manner to previous embodiments.

While FIGS. 17-21 illustrate possible configurations of
the reflector assemblies, this is not to be construed as
limiting the present invention as other suitable configura-
tions may be constructed. Various other types of reflectors
for use in LED lighting fixtures have been envisioned. For
instance, the reflectors may be of a rounded-type with
multiple facet angles.

With reference to FIGS. 22-24, a lighting fixture 501, for
use as office lighting, includes a base plate 503 having a
front side 505 and a rear side 507 defined by a periphery 512.
Three strips 509 are mounted on front side 505 of base plate
503. Each strip 509 includes a plurality of surface-mount
LEDs 511 mounted thereto. Base plate 503 functions as a
heat sink for LEDs 511 and is oversized compared to
lighting strips 509 to ensure that LEDs 511 stay cool; base
plate 503 has the same heat cooling attributes of base plate
103 discussed previously and the previous discussion of
base plate 103 is equally applicable to base plate 503. Base
plate 503 provides surface area for cooling LEDs 511 which
extends LED life. Lighting fixture 500 is typically intended
for indoor use. Accordingly, a sealed cover is not required.
A housing 521 is mounted to front side 501 of base plate
503, which also houses a power supply and driver circuitry
and a lens cover (not shown). The housing itself is used for
installing the fixture in office ceilings and the like.

With reference to FIG. 25, and with continuing reference
to FIGS. 22-24, reflectors 513 is mounted to front side 505
of base plate 503 such that side walls 517 extend from each
of the lighting strips 509. Each reflector 513 includes a base
portion or member 515 with a pair of integral side walls 517
extending from opposite sides thereof at an angle. Base
member 515 of reflector 513 is mounted on front side 505 of
base plate 503 over one of the strips 509 such that surface-
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mount LEDs 511 positioned on strips 509 extend through
gaps or openings formed in base 515, and side walls 517 of
reflector 513 extend at an angle from each of the lighting
strips 519. Each side wall 517 of reflector 513 extends from
base member 515 at an angle 6 of, for example, about 115°.
This configuration creates an overall angle of about, for
example, 90° between ends 519 of each side wall 517 of
reflector 513. Side walls 517 of reflector 513 amplify the
light provided by LEDs 511. In addition, side walls 517 of
reflector 513 direct the light from each of the three strips 509
of LEDs 511 and focus the light into what appears to be a
uniform beam of light. Reflectors 513 are desirably con-
structed from silver-coated aluminum with a protective
polymer coating in like manner to previous embodiments.

Although the invention has been described in detail for
the purpose of illustration based on what is currently con-
sidered to be the most practical and preferred embodiments,
it is to be understood that such detail is solely for that
purpose and that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover
modifications and equivalent arrangements. Furthermore, it
is to be understood that this disclosure contemplates that, to
the extent possible, one or more features of any embodiment
can be combined with one or more features of any other
embodiment.

The invention claimed is:

1. A light emitting diode (LED) lighting arrangement for
a lighting fixture, comprising:

a base plate;

a lighting strip coupled to the base plate, the lighting strip
comprising a plurality of light emitting diodes (LEDs)
arranged along a substantially planar surface of the
lighting strip;

at least one reflector sheet comprising:

a first multi-faceted side wall of the at least one
reflector sheet extending along the lighting arrange-
ment along an entire length of the lighting strip with
a first edge adjacent a first side of the lighting strip
and extending at an angle along an entire length of
the lighting strip; and

a second multi-faceted side wall of the at least one
reflector sheet extending along the lighting arrange-
ment along an entire length of the lighting strip, the
second side wall having a first edge adjacent a
second, opposite side of the lighting strip at an angle
that extends along an entire length of the lighting
strip,

wherein the first and second multi-faceted side walls
extend away from the lighting strip at an angle and are
configured to cause light produced by the plurality of
light emitting diodes (LEDs) to be amplified and
formed into a uniform beam, and

wherein the coupling between the lighting strips and the
base plate provides heat transfer between the lighting
strips and the base plate such that heat produced by the
plurality of LEDs comprised in the lighting strip is
conducted to the base plate for transfer to the ambient
environment.

2. The light emitting diode (LED) lighting arrangement
for a lighting fixture as claimed in claim 1, wherein the light
emitting diodes (LEDs) are arranged in a linear row along
the length of the lighting strip.

3. The light emitting diode (LED) lighting arrangement
for a lighting fixture as claimed in claim 1, wherein the first
and second multi-faceted side walls extend away from a
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base member defining a plurality of openings receiving at
least a light emitting portion of the plurality of light emitting
diodes (LEDs), respectively.

4. The light emitting diode (LED) lighting arrangement
for a lighting fixture as claimed in claim 3, wherein the first
and second multi-faceted side walls are formed integral with
the base member.

5. The light emitting diode (LED) lighting arrangement
for a lighting fixture as claimed in claim 3, wherein the first
and second multi-faceted side walls comprise multi-angle
side walls.

6. The light emitting diode (LED) lighting arrangement
for a lighting fixture as claimed in claim 1, wherein the first
and second multi-faceted side walls extend away from a
base member and are symmetrical about an axis of symme-
try that runs through a center of the base member.

7. The light emitting diode (LED) lighting arrangement
for a lighting fixture as claimed in claim 6, wherein the first
and second multi-faceted side walls each comprise a first
portion defining a first angle with the base member and a
second portion defining a second angle with the first portion.

8. The light emitting diode (LED) lighting arrangement
for a lighting fixture as claimed in claim 7, wherein the first
angle and second angle are different angles.

9. The light emitting diode (LED) lighting arrangement
for a lighting fixture as claimed in claim 1, wherein the first
and second multi-faceted side walls comprise multi-angle
side walls.

10. The LED lighting arrangement of claim 1,

wherein the first multi-faceted side wall adjacent the
lighting strip extends along the entire length of the
lighting strip from a position level with a bottom
portion of a light emitting portion of each of the LEDs,
and

wherein the second multi-faceted side wall adjacent the
lighting strip extends along the entire length of the
lighting strip on a side opposite the first multi-faceted
side wall from a position level with a bottom portion of
a light emitting portion of each of the LEDs.

11. The LED lighting arrangement of claim 1, wherein the
first multi-faceted side wall and the second multi-faceted
side wall are separately coupled to the lighting arrangement.

12. The LED lighting arrangement of claim 1, wherein the
first multi-faceted side wall comprises a first reflector sheet
bent to form first facets, and wherein the second multi-
faceted side wall comprises a second reflector sheet bent to
form second facets.

13. The LED lighting arrangement of claim 1, wherein the
first side wall and second side wall each are formed by a
single reflector sheet.

14. The LED lighting arrangement of claim 1,

wherein the first and second multi-faceted side walls
begin at a level of the lighting strip and extend away
from the lighting strip.

15. A light emitting diode (LED) lighting fixture, com-

prising:

a base plate having a front side and a rear side;

a plurality of lighting strips mounted on the front side of
the base plate, each of the lighting strips comprising a
plurality of light emitting diodes (LEDs) arranged
along a length of the lighting strip; and

driver circuitry and control circuitry electrically coupled
to the plurality of light emitting diodes (LEDs) for
providing power to the light emitting diodes (LEDs),

wherein each of the lighting strips includes at least one
reflector sheet comprising:
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a first multi-faceted side wall of the at least one
reflector sheet extending at an angle from a first side
of the lighting strip along an entire length of the
lighting strip, the first side wall comprising a sheet
bent to form the angle;

a second multi-faceted side wall of the at least one
reflector sheet extending along the lighting arrange-
ment adjacent a second, opposite side of the lighting
strip along an entire length of the lighting strip, and

wherein the first and second multi-faceted side walls
extend away from the lighting strip at an angle and are
configured to cause light produced by the plurality of
light emitting diodes (LEDs) to be amplified and
formed into a uniform beam, and

wherein contact between the lighting strips and the base
plate provides heat transfer between the lighting strips
and the base plate such that heat produced by the
plurality of LEDs comprised in the lighting strip is
conducted to the base plate for transfer to the ambient
environment.

16. The light emitting diode (LED) lighting fixture as
claimed in claim 15, wherein the driver circuitry and control
circuitry are mounted on the front side of the base plate, and
further comprising a power supply mounted on the rear side
of the base plate.

17. The light emitting diode (LED) lighting fixture as
claimed in claim 16, wherein the power supply is electrically
connected to the control circuitry, the control circuitry is
electrically connected to the driver circuitry, and the driver
circuitry is electrically connected to each of the plurality of
lighting strips.

18. The light emitting diode (LED) lighting fixture as
claimed in claim 15, wherein each light emitting diode
(LED) of each lighting strip is electrically connected in
series, and each lighting strip is electrically connected to the
driver circuitry in parallel.

19. The light emitting diode (LED) lighting fixture as
claimed in claim 15, wherein each plurality of lighting strips
is individually removably mounted to the base plate, so as to
permit individual replacement of each lighting strip irre-
spective of the other lighting strips.

20. The light emitting diode (LED) lighting fixture as
claimed in claim 15, wherein the light emitting diodes
(LEDs) in each of the lighting strips are arranged in a linear
row along the length of the lighting strip.

21. A light emitting diode (LED) lighting fixture, com-
prising:

a substantially planar and flat base plate formed of anod-
ized aluminum comprising an enhanced conductive
non-uniform heat-transferring surface texture, the base
plate having a front side and a rear side;

at least four lighting strips comprising a substantially
planar base member; and a plurality of light emitting
diodes (LEDs) arranged along a length of the base
member, the base member connected in direct physical
contact to the base plate so as to permit at least
conductive heat transfer from the lighting strips to the
base plate; and

a reflector sheet mounted to each of the lighting strips and
comprising multi-faceted side walls extending away
from the lighting strip such that the multi-faceted side
walls cause light produced by the plurality of light
emitting diodes (LEDs) to be amplified and formed into
a uniform beam, wherein the reflector comprises a first
edge adjacent the lighting strip and a second edge
opposite the first edge toward a light emission side of
the lighting fixture, wherein the multi-faceted side
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walls of the reflector extend along an entire length of
the lighting strip at an angle,

wherein physical contact between the bottom surface of

the lighting strips and the base plate provides heat
transfer between the lighting strips and the base plate 5
such that heat produced by the plurality of light emit-
ting diodes (LEDs) on the lighting strip to be conducted

to the base plate for transfer to the ambient environ-
ment.

22. The light emitting diode (LED) lighting fixture as 10
claimed in claim 21, further comprising heat transfer fins on
at least one side of the base plate to conduct heat to the
ambient environment.

23. The light emitting diode (LED) lighting fixture as
claimed in claim 21, wherein inter-contacting surfaces 15
between the lighting strips and base plate are separated by
less than about one hundredth of an inch (0.01 inches).

24. The LED lighting fixture of claim 21, wherein the
multi-faceted side walls are formed as bends in the sheet-
like reflector. 20
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