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A light-emitting diode (LED) lighting fixture is provided as a 
potential solid state lighting (SSL) replacement fixture for a 
conventional HID lamp fixture. The LED lighting fixture 
includes a main housing having a bottom surface Supporting 
an array of LEDs, a top Surface and sides, and at least one 
driver provided in a side housing attached to a side of the main 
housing to drive the LED array. The thickness of the side 
housing is equal to or greater than the thickness of the main 
housing. A plurality of heat spreading fins is arranged on the 
top surface of the main housing. 
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1. 

LED LIGHTING FIXTURE 

RELATED APPLICATIONS 

This present application is a continuation of and claims the 
benefit to the filing date of U.S. patent application Ser. No. 
1 1/689,614, filed Mar. 22, 2007 now U.S. Pat. No. 7,824,074, 
the disclosure of which is incorporated herein by reference in 
its entirety. 

BACKGROUND 

Example embodiments of the present invention in general 
relate to a light emitting diode (LED) lighting fixture. 

DESCRIPTION OF THE RELATED ART 

High Intensity Discharge (HID) lighting sources are used 
for a wide array of lighting applications in public spaces Such 
as stores, libraries, theatres and School gymnasiums, for 
example. An HID lighting fixture typically utilizes a metal 
halide bulb. For example, FIG. 1 illustrates the use of HID 
lighting fixtures 100 in one such space, the setting of a big box 
department store. Typically these fixtures 100 are attached 
approximately 16 to 25 feet above the surface of the store 
floor to provide lighting throughout the store. 
The Illuminating Engineering Society of North America 

(IESNA) is the recognized technical authority on illumina 
tion and puts out specifications for various types of illumina 
tion. The IESNA provides recommendations based on cat 
egories and conditions of a particular application or space for 
brightness, or illuminance. The measurement for illuminance 
is typically given in foot candles (fc). A footcandle is a unit of 
illuminance in the foot-pound-second system of units, and 
represents the illuminance at 1 foot from a I-candela point 
source of light. One footcandle is approximately 10.76391 
lux (lumens/m"), and in the lighting industry is typically 
associated as 1 fo = 10 lux. 
As an example, the IESNA designates a category A space 

as a public space, providing examples such as corridors and 
an ATM key pad, and recommending an illuminance per 
fixture of 3 fe. Category B areas are spaces where people 
remain a short time. Such as elevators, refrigeration spaces, 
stairs, etc., the recommended illuminance for a fixture in these 
spaces is 5 fc. Category C Spaces include working spaces with 
simple visual tasks i.e., exhibition halls and restrooms. Fix 
tures in these spaces should have a recommended illuminance 
of 10 fe. 

Category D spaces require a condition for performing 
visual tasks of high contrast and large size; examples include 
libraries and museums. The IESNA recommends an illumi 
nance of approximately 30 fe for fixtures in Category D 
spaces. In spaces requiring a condition for performing visual 
tasks at high contrast and Small size or low contrast and large 
size (Category E spaces). Such as classrooms, food service 
areas and kitchens, the IESNA recommends a fixture illumi 
nance of approximately 50 fe. A category F space includes 
School gymnasiums or other areas where visual tasks of low 
contrast and Small size are required. A fixture for a category F 
space is recommended to have an illuminance of 100 fe. 
Additionally, there is a category G space. Such as an autopsy 
table ora Surgical task, in which the brightness or illuminance 
is required for visual tasks near a threshold. The IESNA 
recommends a fixture illuminance of 300fc for a category G 
Space. 

FIG. 2A is a perspective view of a conventional HID lamp 
fixture employing a metalhalide bulb, which is shown in FIG. 
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2 
2B. Referring to FIGS. 2A and 2B, a conventional HID lamp 
fixture 100 includes a reflector 110 which is coupled to plug 
unit 120 that is connected to AC wall plug power, for example. 
The fixture 100 also includes a ballast 130 which is config 
ured to hold and power metal halide bulb 140. 
The HID lamp fixture 100 shown in FIGS. 2A and 2B 

utilizes a 400 watt metal halide bulb 140 and is configured to 
receive 436 watts (AC) of wall plug power, to provide a total 
light output of approximately 15,771 lumens. As noted, HID 
lamp fixture 100 is a typical lighting fixture used in lighting 
applications in spaces such as the big box department store 
shown in FIG. 1, for example. 

However, there are several reasons why use of HID lamps 
are disadvantageous, thus requiring a need for a solid state 
lighting (SSL) light source to replace the metal halide high 
bay fixture such as the HID lamp fixture 100 shown in FIGS. 
1, 2A and 2B. One concern is the high cost of maintenance. In 
order to change the metal halide bulb 140 when it goes bad, a 
lift has to be used along with several people; this adds up to a 
Substantial cost in labor and machinery usage. 

Another concern is required warm-up time for the metal 
halide bulb 140. Typically, it takes approximately 10 minutes 
for the metal halide bulb 140 to fully warm up to its maximum 
brightness. Additionally, the metal halide bulb 140 requires a 
cool down period before the lamp fixture 100 can be turned on 
again. 
A further reason to look to a possible SSL replacement is 

that for a lighting application as shown in FIG. 1, the metal 
halide bulb 140 produces a flicker and a slight humming 
Sound when it is energized. The flicker can cause what is 
known as a stroboscopic effect. The stroboscopic effect 
makes an object appear to be moving at a rate different than 
the actual rate at which the object is moving. 

Further, metal halide bulbs pose an environmental hazard, 
in that the bulb materials include mercury. This mercury has 
to be safely disposed of when the metal halide bulb is no 
longer usable in fixture 100. Moreover, a typical metal halide 
bulbs cycle life lasts from about 6,000 to 17,000 hours. 
However, in order to attain this average life cycle, metal 
halide manufacturers recommend that the bulb be turned off 
for about 15 minutes at least once weekly. Accordingly, due to 
the shortened life and high cost of maintenance, coupled with 
environmental concerns, the metalhalide bulb is not the most 
efficient and/or cost effective lighting source for many of the 
categories A-G above, such as the "high bay lighting appli 
cation shown in FIG. 1, for example. 
LEDs are becoming more widely used in consumer light 

ing applications. In consumer applications, one or more LED 
dies (or chips) are mounted within a LED package or on an 
LED module, which may make up part of a LED lighting 
fixture which includes one or more power Supplies to power 
the LEDs. Various implementations of LED lighting fixtures 
are becoming available in the marketplace to fill a wide range 
of applications. LEDs offer improved light efficiency, a 
longer lifetime, lower energy consumption and reduced 
maintenance costs, as compared to HID light sources. 

SUMMARY 

An example embodiment is directed to a light-emitting 
diode (LED) lighting fixture configured for a variety of light 
ing applications. The LED lighting fixture includes a main 
housing having a bottom Surface Supporting an array of 
LEDs, atop surface and sides, and at least one driver provided 
in a side housing attached to a side of the main housing to 
drive the LED array. The thickness of the side housing is equal 
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to or greater than the thickness of the main housing. A plu 
rality of heat spreading fins is arranged on the top surface of 
the main housing. 

Another example embodiment is directed to a LED light 
ing fixture which includes a main housing Supporting an array 
of LEDs, and at least one side housing attached to the main 
housing and enclosing at least one power Supply to drive the 
LED array. A cross-sectional thickness of the fixture is 4.0 
inches or less. 

Another example embodiment is directed to a LED light 
ing fixture which includes a main housing Supporting an array 
of LEDs a main housing Supporting an LED array thereon, 
and at least one side housing attached to a side of the main 
housing and enclosing a power Supply to drive the LED array. 
The light output per square inch of the LED array is at least 40 
lumens/in'. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Example embodiments will become more fully understood 
from the detailed description given herein below and the 
accompanying drawings, wherein like elements are repre 
sented by like reference numerals, which are given by way of 
illustration only and thus are not limitative of the example 
embodiments. 

FIG. 1 illustrates a standard HID lighting fixture 100 in the 
context of a conventional lighting application. 

FIG. 2A is a perspective view of a conventional HID lamp 
fixture. 

FIG. 2B is a front view of a metal halide bulb used in HID 
lamp fixture of FIGS. 1 and 2A. 

FIG. 3A illustrates a bottom view of an LED lighting 
fixture in accordance with an example embodiment. 

FIG. 3B a perspective front view of the LED lighting 
fixture in FIG. 3A. 

FIG. 4A illustrates a bottom view of an LED lighting 
fixture in accordance with another example embodiment. 

FIG. 4B a perspective front view of the LED lighting 
fixture in FIG. 4A. 

FIG. 5A is a perspective view of a top side of a prototype 
LED lighting fixture 300. 

FIG. 5B is a perspective view of a bottom side of the 
prototype LED lighting fixture of FIG. 5B. 

DETAILED DESCRIPTION OF THE EXAMPLE 
EMBODIMENTS 

Example embodiments illustrating various aspects of the 
present invention will now be described with reference to the 
figures. As illustrated in the figures, sizes of structures and/or 
portions of structures may be exaggerated relative to other 
structures or portions for illustrative purposes only and thus 
are provided merely to illustrate general structures in accor 
dance with the example embodiments of the present inven 
tion. 

Furthermore, various aspects of the example embodiments 
may be described with reference to a structure or a portion 
being formed on other structures, portions, or both. For 
example, a reference to a structure being formed “on” or 
“above' another structure or portion contemplates that addi 
tional structures, portions or both may intervene there 
between. References to a structure or a portion being formed 
“on” another structure or portion without an intervening 
structure or portion may be described herein as being formed 
“directly on the structure or portion. 

Additionally, relative terms such as “on” or “above are 
used to describe one structure's or portion’s relationship to 
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4 
another structure or portion as illustrated in the figures. Fur 
ther, relative terms such as “on” or "above' are intended to 
encompass different orientations of the device in addition to 
the orientation depicted in the figures. For example, if a 
fixture or assembly in the figures is turned over, a structure or 
portion described as “above' other structures or portions 
would be oriented “below the other structures or portions. 
Likewise, if a fixture or assembly in the figures is rotated 
along an axis, a structure or portion described as "above 
other structures or portions would be oriented “next to”, “left 
of or “right of the other structures or portions. 
Example embodiments to be described hereafter are 

directed to a solid state lighting (SSL) replacement fixture for 
a conventional HID lamp fixture. In one example, the SSL 
replacement fixture is an LED-based lighting fixture for high 
brightness/performance applications. The LED lighting fix 
ture can include multiple high brightness LED lamps, a 
means for heat spreading, and one or more drivers to operate 
the LEDs. 
The LED lamps can be configured for white light or any 

other desired color, and fixture designed to match or exceed 
the brightness output and performance of existing conven 
tional light Sources such as HID lamp fixtures, while main 
taining a similar fixture size. 

FIG. 3A illustrates a bottom view, and FIG. 3B a perspec 
tive front view of an LED lighting fixture in accordance with 
the example embodiments. Referring to FIGS.3A and 3D, the 
LED lighting fixture 300 includes a main housing 310 and 
two curved side housings 315 attached thereto. Both the main 
housing 310 and side housings 315 may be made of a material 
providing a heat sinking or heat spreading capability, such as 
aluminum, ceramic and/or other materials, and connected to 
each other through Suitable fastening means. In another 
example, the housings 310/315 can be made as a single inte 
gral housing with covers attached on one or both housings 
310,315 to protect electronic components therein from envi 
ronmental conditions, dirt, debris, etc. In an example, hous 
ings 310 and 315 may be /2"thick lightweight aluminum 
honeycomb panels such as those fabricated by McMASTER 
CARR. The side housings 315 in this example have a radius 
of about 4". 
To reduce a thickness profile of the fixture 300, the side 

housings 315 enclose power supplies 320 (shown in phan 
tom). The power supplies 320 drive a plurality of LED lamps 
(hereafter LEDs 340) that are attached on a bottom surface of 
the main housing 310. Each side housing 315 may include a 
power supply for driving an LED array 330. The power sup 
plies may be constant current drivers 320 which supply con 
stant but adjustable current with variable Voltage, depending 
on the number of LEDs 340. For example, a suitable power 
supply may be a switch mode, switching LP 1090 series 
power supply manufactured by MAGTECH, such as the 
MAGTECH LP 1090-XXYZ-E Series Switchmode LED 
driver, for example. The driver 320 has an adjustable voltage 
range and the type of driver depends on the Voltage drop of 
each of the LEDs 340 in series in the LED array 330. 
As shown in FIG. 3A, the LED array 330 is comprised of a 

plurality of PCB strips 335 which are provided on a backing 
such as aluminum bars (not shown) or affixed directly to the 
bottom surface of main housing 310. Each PCB strip 335 can 
include a line of serially arranged LEDs 340 thereon. In the 
example shown in FIGS. 3A and 3B, there are 240 LEDs 340 
mounted on a plurality of strips 335 affixed within a 22 inch 
by 17 inch surface area of main housing 310. However, array 
330 could be modified to accommodate different numbers of 
LED strips 335 and/or a different total number of LEDs 340 
than shown in FIGS. 3A or 3B, for example. The side housing 
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315 can have thickness that is equal to or greater than main 
housing 310. The overall cross-sectional thickness of the 
fixture 300 is 4" or less. In the example shown in FIG.3B, the 
cross-sectional thickness is approximately 3.5 inches. The 
light output per square inch for the LED array 330 is at least 5 
40 lumens/in 
The strips 335 of LEDs 340 may be secured to the main 

housing 310 with suitable fasteners such as screws, so as to be 
easily removable. One, some or all strips 335 may be 
switched out and replaced with any other strips 335, of any 10 
size, so long as it fits within the footprint of the space available 
for the LED array 330 within the main housing 310. 

In an alternative, the strips 335 of LEDs 340 may be 
secured to a backing plate (not shown) made of a Suitable 
thermally conducted material Such as copper, for example. 15 
The backing plate can be secured to an interior (bottom) 
surface of the main housing 310 with suitable fasteners such 
as screws, so as to be easily removable. The entire LED array 
330 may be switched out and replaced with another LED 
array 330, of any size, so long as it fits within the footprint of 20 
the space available within the main housing 310. 

Each line of LEDs 340 is electrically connected in parallel 
to its adjacent column or line via wires (not shown for clarity) 
and may be equally spaced as measured in the horizontal 
direction along the bottom surface of housing 310 from the 25 
center of adjacent LEDs 340. The LEDs 340 may also be 
equally spaced in the vertical direction across the bottom 
surface of housing 310, for example. 
The LEDs 340 may be configured to emit any desired color 

of light. The LEDs may be blue LEDs, green LEDs, red 30 
LEDs, different color temperature white LEOs such as warm 
white or cool or soft white LEDs, and/or varying combina 
tions of one or more of blue, green, red and white LEDs 340. 
In an example, white light is typically used for area lighting 
such as street lights. White LEDs may include a blue LED 35 
chip phosphor for wavelength conversion. 

Individual LEDs 340 of the array 330 can be slanted at 
differentangles, at the same angles, in groups of angles which 
differ from group to group, etc. For example, in an area 
lighting application, the shape of the light output may be 40 
varied by the angle of the LEDs 340 from the planar bottom 
surface of main housing 310. Thus, by swapping out differ 
ently configured LED arrays 330, the shape or orientation of 
the array 330 with LEDs 340 thereon can be adjusted to 
provide an LED lighting fixture 300 which can generate illu 
mination patterns for IESNA-specified Category A-G spaces, 
and/or to generate IESNA-specified Types I, II, III, IV or V 
roadway illumination patterns. 

Accordingly, for a given LED array 330, one, some, or all 
strips 335 or subsets of strips 335 having LEDs 340 thereon 
can be mounted at different angles to the planar, bottom 
Surface of the main housing 310. Additionally, a given Strip 
335 may be straight or curved, and may be angled with respect 
to one or more dimensions. In another example, one or more 
LEDs 340, subsets of strips 335 or entire strips 335 of LEDs 
340 constituting the LED array 330 may include the same or 
different secondary optics and/or reflectors. A secondary 
optic shapes the light output in a desired shape: thus reflectors 
for the LEDs 340 can have any pattern such as circle, ellipse, 
trapezoid or other pattern. 

In other examples, individual LEDs 340, subsets of strips 
335 and/or strips 335 of LEDs 340 of the LED array 330 may 
be mounted at varying ranges of angles, and different optical 
elements or no optical elements may be used with one or more 
LEDs 340, subsets of strips 335 or entire strips 335 of LEDs 
340 that are mounted at differing ranges of angles. The angles 
of the LED strips 335 and/or LEDs 340 with or without 
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6 
optical elements can be fixed or varied in multiple dimen 
sions. Therefore, one or more strips 335 of LEDs 340 consti 
tuting LED array 330 can be set at selected angles (which may 
be the same or different for given strips 335) to the bottom 
Surface of the main housing 310, so as to produce any of 
IESNA-specified Type I, Type II, Type III, Type IV and Type 
V roadway illumination patterns. 

Example configurations of angled LEDs 340 or angled 
strips 335 of an LED array 330 are described in more detail in 
co-pending and commonly assigned U.S. patent application 
Ser. No. 11/519,058, to VILLARD et al, filed Sep. 12, 2006 
and entitled “LED LIGHTING FIXTURE", the relevant por 
tions describing the various mounting angles of strips 335 
and/or LEDs 340 being hereby incorporated in its entirety by 
reference herein. 

Referring to FIG. 3B and looking at a top surface of main 
housing 310, a plurality of fins 325 (also known as heat 
spreading T-bars) are provided with channel spacings there 
between to facilitate thermal dissipation. In one example, 
these fins 325 can be formed as part of a single cast modular 
main housing 310. The fins 325 therefore provide a heat 
spreading function to remove heat generated by the LEDs 340 
and drivers 320 within the fixture 300. 

For the fixture 300 shown in FIGS. 3A and 3B, the average 
output of each LED 340 is approximately 83 lumens, to 
provide a total light output for the fixture 300 of approxi 
mately 15,520 lumens. This is consistent with the total light 
output of the HID lamp fixture 100 with 400W metal halide 
bulb 140 shown in FIGS. 2A and 2B. 

FIGS. 4A and 4B illustrate an LED fixture 300' in accor 
dance with another example embodiment. Fixture 300' is 
similar to that shown in FIGS. 3A and 3B, with the exception 
that a driver 320' is attached on atop surface of the fixture 300' 
with the heat spreading fins 325' between the main housing 
310' and the driver 320' such that the driver 320' resides on top 
of the heat spreading fins 325". As in FIGS. 3A and 3B, a 
semicircular side housing 315 is attached to either side of the 
main housing 310'. In this example, the LED array 330 
includes a plurality of PCB strips 335', each strip 335 having 
a serial line of LED lamps 340' thereon. 

Fixture 300' illustrates 200 LEDs evenly spaced across a 
widthwise distance of 17 inches. Thus, 200 LEDs 340' are 
mounted on PCB strips 335' attached to the bottom surface 
within a 22 inchX17 inch surface area on the main housing 
310'. In the example shown in FIG. 3B, the cross-sectional 
thickness of the side housing 315 and main housing is 
approximately 3.5 inches. The cross-sectional thickness of 
the driver 320' can add about 3 inches. 
As in FIGS. 3A and 3B, the average output of each LED is 

83 lumens, to provide a total light output for the fixture 300" at 
approximately 13,370 lumens. Attaching the drivers 320' on 
the top surface of the LED fixture 300' increases the total 
thickness. Further, configured the LED array 330' with 200 
LEDs each having an average output of 100 lumens per LED 
340' would provide a total light output from fixture 300' in 
excess of 15,000 lumens, consistent with the conventional 
HID lamp fixture 100 shown in FIGS. 1 and 2. The light 
output per square inch for LED array 330' is at least 40 
lumens/in., as in the previous example embodiment. 

FIGS. 5A and 5B are photographs of a prototype LED 
lighting fixture 300 built and tested by the inventors; this 
fixture corresponds to the LED lighting fixture 300 shown in 
FIGS. 3A and 3B. The LED fixture 300 includes main hous 
ing 310 which houses a plurality of PCB strips 335, each of 
which are a differing size and include a plurality of LEDs 340 
thereon. The sets of strips 335 comprise the LED array 330 on 
the bottom surface of main housing 310. The side housings 
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315 which house the drivers 320 therein are clearly shown in 
FIGS. 4A an 4B. A power cord 350 is attached to one of the 
drivers to provide AC line power to the fixture 300. 

Although the drivers 320 in FIGS. 3A and 4A are shown 
either at the side of main housing 310 or on a top surface of 
main housing 310, the drivers 320 can be positioned adjacent 
to the LED array 330 within main housing 310, on opposite 
front and rear side ends of main housing, and/or around the 
periphery of the LED array 330, main housing 310 orportions 
thereof. 

COMPARATIVE EXAMPLE 

The LED fixture 300 shown in FIGS.5A and 5B was tested 
against the HID lamp fixture 100 shown in FIG. 2. The test 
was performed by Luminaire Testing Laboratory, Inc. of 
Allentown, PA using a Graseby 211 Calibrated Photometer 
system. Both fixtures 100, 300 were tested at an elevation of 
16 feet above the floor surface. The HID lamp fixture 100 was 
outfit with a 400W metalhalide bulb and was powered by 436 
watts (AC) of wall plug power. The LED fixture 300 included 
240 CreeXLamp RXR-ELEDs, with an average lumen count 
of 80 lumens per LED at 350 mA of constant current. The 
LED array covered a 22" x 17" area, as previously described, 
for a light output of 41.5 lumens/in. The wall plug power to 
the LED fixture 300 was 286.8 watts, approximately 150 
watts less than the wall plug power supplied to the HID lamp 
fixture 100. The dimensions of the fixture 300 areas shown in 
FIGS. 3A and 3B. The dimensions of HID lamp fixture 100 
include a reflector having a 16 inch diameter and a height of 
21 inches. Table 1 below illustrates the data taken in this test 
for both fixtures 100 and 300. 

TABLE 1. 

Comparative Data (Standard HID Lamp Fixture vs. LED Fixture 

Standard HID Fixture LED Fixture 

Usable Lumens 15571 15524 
Nadar (fc) 23.5 fc. 32.6 fe 
50% (ft) 25.1 ft 17.9 ft 
Power 436 W 286.8 W 

Referring to Table 1, the standard HID lamp fixture 100 had 
a total light output of 15,771 lumens. The LED fixture 300, 
which can be characterized as an SSL replacement for the 
HID lamp fixture 100, had a total light output of 15.524 
lumens. 
The Nadar measurement, which is a measure of illumina 

tion or brilliance in footcandles directly underneath the fix 
ture, showed a marked improvement for the LED fixture 300. 
The standard HID lamp fixture 100 had a Nadar measurement 
of 23.5 fc., whereas the LED fixture 300 had a Nadar illumi 
nation of 32.6fc directly underneath the fixture. As noted, this 
was measured at a vertical distance of 16 feet from the fixture 
to the floor surface. 

The next row in Table 1 illustrates a 50% power point for 
each fixture. The half power point is measured in linear feet 
from the fixture at which the fixture is at 50% power in terms 
of illumination. The half power point for the standard HID 
lamp fixture 100 was 25.1 feet (11 fes), whereas the half 
power point for the LED fixture 300 was 17.9 feet or 16 fes of 
illumination. 
As previously noted, the power required by the standard 

HID lamp fixture 100 was 436 watts from the wall plug, but 
only required 286.8 watts for powering the LED fixture 300. 
Although the LED fixture 300 tested in this comparison uti 
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8 
lized 240 LED lamps 340, the fixture could be configured 
with 200 LED lamps, each having an average output of 100 
lumens to obtain the same or near same results. 

Accordingly, the example LED lighting fixtures 300/300' 
described herein may be well suited to replace conventional 
HID lighting sources. LED light sources have longer life, are 
more energy efficient and can provide a full range of light 
colors (CRI) as compared to conventional HID lighting 
Sources. CRI, or color rendering, is the ability of a light Source 
to produce color in objects. The CRI is expressed on a scale 
from 0-100, where 100 is the best in producing vibrant color 
in objects. Relatively speaking, a source with a CRI of 80 will 
produce more vibrant color in the same object than a source 
with a CRI of 60. As shown above, the tested LED fixture 300 
meets or exceeds the brightness output and performance of an 
existing HID lamp fixture 100 without requiring a larger 
fixture size. 

Additionally, by changing the average lumen output of the 
LEDs 340, the number of LEDs per squared inch or foot can 
be adjusted to mirror the lighting performance of the HID 
lamp fixture 100 at a reduced cost. Further, and unlike the 
conventional HID lighting sources, the use of LEDs provide 
an ability to adjust the CRI by mixing different LED lamp 
colors, Le., different combinations of white LED lamps and/ 
or color LED lamps for a given CRI. 

Further, the location of the drivers 320 in the example 
embodiment of FIGS. 3A, 3B and SA and 5B reduce the 
profile and thickness of the LED lighting fixture 300. Further, 
the use of heat spreading fins 325 on a surface thereof limits 
the effect of the heat generated by the LEDs 340 and/or 
drivers 320 from affecting the performance or output of the 
LED lighting fixture 300. 
As previously noted, a conventional HID lighting source 

Such as a metalhalide high bay fixture has a high cost in terms 
of maintenance (multiple people to change out the bulb). This 
limits the cycle life of a typical metal halide bulb from about 
6,000 to 17,000 hours of illumination use, and requires a 
weekly turnoff for about 15 minutes in order to obtain a cycle 
life within this average range. LEDs on the other hand never 
have to be turned off and in the embodiments shown herein 
are rated to last approximately 50,000 hours, about six times 
as long as the metal halide bulb. Additionally, almost no 
warm-up time is required for an LED, as turn on is essentially 
instantaneous. Further, no flicker or slight humming sound is 
produced by an LED lamp which would cause a stroboscopic 
effect, as is inherent in the metal halide bulb. 
The use of LED lamps for high brightness/performance 

applications is also desirable from an environmental stand 
point, as LEDs contain no mercury and do not require the 
special disposal requirements as is necessitated for metal 
halide bulbs which contain mercury. Moreover, as the rated 
cycle life of an LED lamp is approximately 50,000 hours, and 
as the LED lighting fixture 300 requires much less wall plug 
power than the corresponding metal halide bulb, an SSL 
replacement fixture for an HID lamp fixture, such as the LED 
lamp fixture 300 shown herein above, is more energy effi 
cient. 
The example embodiments being thus described, it will be 

obvious that the same may be varied in many ways. Such 
variations are not to be regarded as departure from the spirit 
and scope of the example embodiments of the present inven 
tion, and all Such modifications as would be obvious to one 
skilled in the art are intended to be included within the scope 
of the following claims. 

IPR2025-01016 EX1018



US 9,212,808 B2 
9 

The invention claimed is: 
1. A light-emitting diode (LED) lighting fixture, compris 

1ng: 
a main housing comprising a top surface supporting one or 
more heat spreading members and an opposing bottom 
Surface supporting an array of LEDs, the main housing 
extending along a first direction; and 

at least one side housing attached to the main housing and 
extending from the main housing in the first direction, 
wherein cross-sectional thicknesses of the main housing 
and the side housing are substantially the same; 

at least one constant current driver disposed in the at least 
one side housing, wherein the constant current driver is 
configured to deliver at least approximately 350 milli 
amps (mA) of constant current to each LED in the array 
of LEDs; 

wherein the array of LEDs is configured to output light 
from the bottom surface in a direction that is different 
than the first direction, and wherein the combined light 
output from the array of LEDs is at least 15,000 lumens 
for high brightness applications. 

2. The fixture of claim 1, wherein the at least one constant 
current driver comprises a power supply within the side hous 
1ng. 

3. The fixture of claim 1, wherein the light output per 
square inch of the LED array is at least 40 lumens/in.. 

4. The fixture of claim 1, wherein the side housing is curved 
along one side thereof. 

5. The fixture of claim 1, wherein the heat spreading mem 
bers comprise a plurality of heat spreading fins arranged on a 
top surface of the main housing. 

6. The fixture of claim 1, wherein the LED array comprises 
a plurality of printed circuitboard (PCB) strips attached to the 
bottom surface of the main housing, each PCB strip including 
a plurality of serially-connected LEDs thereon. 

7. The fixture of claim 6, wherein one or more LEDs or one 
or more strips of LEDs in the array are fitted with a secondary 
optic. 

8. The fixture of claim 6, wherein one or more LEDs or one 
or more strips of LEDs in the array are mounted at an angle to 
the bottom surface of the main housing. 

9. The fixture of claim 6, wherein one or more LEDs in the 
array or one or more strips of LEDs are configured to output 
different colored light. 

10. A light-emitting diode (LED) lighting fixture, compris 
1ng: 

a main housing having a plurality of sides disposed about a 
planar outer surface configured for supporting an LED 
array thereon, and 

a plurality of side housings attached to the main housing, 
each side housing attached to a different side of the main 
housing so that the side housings are adjacent the main 
housing: 

at least one constant current driver disposed in at least one 
of the plurality of side housings, wherein the constant 
current driver is configured to deliver at least approxi 
mately 350 milliamps (mA) of constant current to each 
LED in the array of LEDs, and wherein the light output 
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10 
per square inch of the LED array from the outer surface 
of the main housing is at least approximately 40 lumens/ 
in 

11. The fixture of claim 10, wherein the thickness of each 
of the side housings is equal to or greater than the thickness of 
the main housing. 

12. The fixture of claim 10, wherein a cross-sectional thick 
ness of the fixture is 4.0 inches or less. 

13. The fixture of claim 10, wherein the combined light 
output from the array of LEDs is at least 15,000 lumens. 

14. The fixture of claim 10, further comprising: a plurality 
of heat spreading fins arranged on a top surface of the main 
housing. 

15. The fixture of claim 10, wherein the LED array com 
prises a plurality of printed circuit board (PCB) strips 
attached to a the planar outer surface comprising a bottom 
Surface of the main housing, each PCB strip including a 
plurality of serially-connected LEDs thereon. 

16. The fixture of claim 15, wherein one or more LEDs or 
one or more strips of LEDs in the array are fitted with a 
secondary optic. 

17. The fixture of claim 15, wherein one or more LEDs or 
one or more strips of LEDs in the array are mounted at an 
angle to the bottom surface of the main housing. 

18. The fixture of claim 15, wherein one or more LEDs in 
the array or one or more strips of LEDs are configured to 
output different colored light. 

19. The fixture of claim 15, wherein one or more strips of 
LEDs are removable from the main housing. 

20. The fixture of claim 6, wherein one or more strips of 
LEDs are removable from the main housing. 

21. The fixture of claim 6, wherein the plurality of strips of 
LEDs are mounted at different angles to the bottom surface of 
the main housing to shape light output of the fixture. 

22. The fixture of claim 1, wherein a cross-sectional thick 
ness of the fixture is 4.0 inches or less. 

23. The fixture of claim 10, wherein each of the side hous 
ings encloses a power supply to drive the LED array. 

24. The fixture of claim 15, wherein the plurality of strips 
of LEDs are mounted at differentangles to the bottom surface 
of the main housing to shape light output of the fixture. 

25. A light-emitting diode (LED) lighting fixture, compris 
1ng: 

a main housing having a bottom surface; 
an LED array comprising a plurality of printed circuit 

board (PCB) strips having LEDs thereon mounted to the 
bottom surface of the main housing at different angles: 
and 

first and second side housings attached to the main hous 
ing, at least one of the first and second side housings 
enclosing a constant current driver configured to deliver 
at least approximately 350 milliamps (mA) of constant 
current to each LED in the array of LEDs to drive the 
LED array so that the combined light output from the 
array of LEDs is at least 15,000 lumens of white light for 
high brightness applications; 

wherein the LED array is configured to emit light directly 
outside of the main housing from the bottom surface. 
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