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1
LIGHT EMITTING DIODE PACKAGES

FIELD OF THE INVENTION

The present invention relates generally to improvements in
the field of light emitling diede (LED) packages. and. in
particular, to methods and apparatus for achieving coelor uni-
formity, desired brightness levels, and passive dissipation of
heat when LEDs are arranged te address the varied require-
ments of different lighting applications.

BACKGROUND OF THE INVENTION

Asillustrated by FIGS. 1A, 1B and 1C, a common prior art
LED mounting arrangement results in a substantial portion of
the light cutput going upwardly in the direction of'a normal to
the top surface of a semiconductor photonic chip 12 as seen in
FIG. 1B. As seen in FIG. 1A, a top view of an LED 10, the
semiconductor photonic chip 12 is mounted on a substrate 14
which is in turn mounted on a bonding pad 16. The chip 12 is
encapsulated beneath an optical lens 18 which focuses the
light emitted by the chip 12.

FIG. 1B shows a side view of LED 10 with a plurality of
light rays relative te a normal, N, to the top surface of chip 12
illustrating the light emitted by chip 12 as it passes out of lens
18. LED 10 is an XLamp™ 7090 from Cree, Incorporated.

FIG. 1C shows an illustrative plot of the light emitted by
LED 10 with the v-axis representing the intensity, I, and the
x-axis representing the angle, 0, of the emitted light with

10

20

respect to the normal, N, of FIG. 1B. As illustrated in FIG. 1C, ~

a substantial portion of the light emitted from the LEI is
along or near the normal, N. Conversely, only a small per-
centage is emitted sideways. Angle a, the angle of intensity, is
equal to 2*6.

For further details of exemplary prior art LED packages
with the bulk of the light intensity emitted near the normal, N,
see, for example, the product literature for the XLamp™ 7090
from Cree, Incorporated.

Inregard to FIG. 1B, the angle of intensity revolves around
the normal, N, forming a cone of light. A photonic chip may
be specifically manufactured to primarily emit white light.
Some of these photonic chips may emit a disproportionate
amount of vellow light near the edges of the cone of light
whereas light emitted at other angles within the angle of
intensity emit primarily white light. When this emitted light
strikes a diftuser. such as back lighting a curtain or a shield
covering an LED light package, for example, yellow rings
around a concentration of white light may be visible to the
human eye, causing a degradation of color uniformity.

Additionally, when LED 10 is powered on, heat from LEL}
10 collects along the bottom surface 15 of bonding pad 16. In
general, heat radiates from the bottom of photonic chip 12.
For example, an LED such as LED 10 may be driven by

approximately 350 mAmps and expend 1 Watt of power 3

where approximately 90% of the expended power is in the
form of heat. Conventional approaches for dissipating heat
generated from an LED include active and passive tech-
niques. A conventional active technique includes employing a
fan to blow cooler air onto the back surface of LED 10.
Several disadvantages of this conventional technique include
its cost, its unaesthetic appearance, and the preduction of tan
noise. One conventional passive technique includes an alu-
minum panel with large aluminum extrusions emanating
from an outer edge of a light fixture. At least a few of the
failings of this approach include added cost for materials
composing the extrusions, added weight, and limited heat
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dissipation due to a build up of air pressure resulting from the
heated air being trapped by the extrusions.

SUMMARY OF THE INVENTION

As discussed below, among its several aspects, the present
invention recognizes the desirability of both increasing
brightness and passively controlling heat dissipation of heat
generated by powered LEDs and addresses a variety of tech-
niques for addressing such ends. Further, the present inven-
tion recognizes that material cost, light weight, and ease of
manufacture with a small number of parts are also highly
desirable and seeks to address such ends as well.

Some exemplary lighting applications include lighting a
horizontal surface, wall washing, back lighting a diftuser, and
the like. Each of these lighting applications may have ditfer-
ent requirements with respect to brightness levels, lighting
patterns, and color uniformity. As multiple LEDs such a LED
10 are arranged to address varied requirements of different
lighting applications, the brightness of the collective emitted
light and the amount of heat generated per arca varies with the
arrangement. For example, a particular lighting application
may require a high brightness level. To meet the high bright-
ness requirement of the particular lighting application. more
LEDs may be arranged closer together in the same predefined
area as a lighting application requiring less brightness. How-
ever, the closer together LEDs are placed, the more heat is
generated in the concentrated area containing the TEDs.

Among its several aspects, the present invention recog-
nizes that an arrangement of LEDs should balance factors
such as color uniformity, heat dissipation. material cost,
brightness, and the like. In one aspect, the present approach
includes a backing of thermally conductive material and two
or more arrays of LEDs attached to a printed circuit board
(PCB). Itis noted that the term “array of LEDs” as used herein
means a module of one or more LEDs in various configura-
tions and arrangements. The PCB is attached to the top sur-
face of the backing and the two or more arrays of LEDs are
separated by a selected distance to balance heat dissipation
and color uniformity of the LEDs.

Another aspect of the present invention includes a plurality
of LEDs, a T-shaped bar composed of thermally conductive
material, and a printed circuit board (PCB). The plurality of
LEDS are attached to the PCB. The PCB is attached to the
upper surface of the T-shaped bar to dissipate heat generated
from the plurality of LEDs.

Another aspect of the present invention addresses a control
system for controlling a plurality of light emitting diode light-
ing packages. The controls system includes a potentiometer,
a plurality of direct current (DC) power supplies, and a con-
trol relay switch. Each DC power supply has an analog con-
trol port and a positive output terminal. The potentiometer
connects to the analog control ports ofthe DC power supplies.
The control relay switch connects the positive output terminal
to the plurality of LED lighting packages and controls
whether a portion of the plurality of LED lighting packages
are powered by the plurality of DC power supplies at any one
time. When the potentiometer in the confrol system is
adjusted, a simultaneous brightness adjustment to the portion
of the plurality of LED lighting packages connected through
the control relay results.

A more complete understanding of the present invention,
as well as other features and advantages of the invention, will
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be apparent from the following detailed description. the
accompanying drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1C are top and side views illustrating aspects of
a prior art LED packaging arrangement, and a graph illustrat-
ing how the intensity of light emission tends to vary with the
angle from normal. respectively.

FIGS. 2A and 2B show a top view of two 1 footx1 foot LED}
lighting packages in accordance with the present invention.

FIG. 3 shows a top view of a 1 footx1 foot LED lighting
packages having an alternative backing arrangement to FIG.
2 in accordance with the present invention.

FIGS. 4A and 4B are top views illustrating aspects of two
2 feetx2 feet LED lighting packages. FIGS. 4C-4E are per-
spective views of lighting applications employing the lighting
packages of FIGS. 4A. 4B, and 5C.

FIGS. 5A-5C (collectively FIG. 5) show T-shaped heat
sinks for an array of LEDs according to the present invention.

FIG. 6 shows a side view of a lighting package employving
the T-shaped heat sink of FIG. 5 in accordance with the
present invention.

FIGS. 7A-7D show lighting packages which dissipate heat
from an array of LEDs mounted therein in accordance with
the present invention.

FIG. 8 shows a control system for one or more LED light-
ing packages according to the present invention.

FIG. 9 illustrates various exemplary arrangements of LED
module in accordance with the present invention.

DETAILED DESCRIPTION

FIG. 2A shows a top view of a 1 footx1 foot light emitting
diode (LED) lighting package 200 in accordance with the
present invention. The LED lighting package 200 includes a
backing 210 of thermally conductive material such as alumi-
num. Backing 210 as shown in F1G. 2 is a planar sheet of
aluminum with a thickness of approximately s inch. It
should be noted that other backing constructs may provide
additional heat dissipation properties and can be employed in
similar arrangements as backing 210. For example, the patent
application entitled “Light Emitting Diode Lighting Package
with Improved Heat Sink™ concurrently filed with this appli-
cation addresses additional backing structures and is incor-
perated by reference herein in its entirety.

Also, itis recognized that other thermally conductive mate-
rials such as ceramics, plastics, and the like may be utilized.
Aluminum is presently preferable because of its abundance
and relatively cheap cost. The LED lighting package 200
includes three columns of LEDs. Fach column includes two
printed circuit boards (PCBs) such as PCB 220A and 2208.
On each PCB. five LEDs such as L.LED 10 are mounted and are
clectrically connected in serial with cach other. Each PCB

includes a positive voltage terminal and a negative voltage s

terminal (not shown). The negative voltage terminal of PCB
220A is electrically connected to the positive voltage terminal
of PCB 2208 so that the ten LEDs defining a column are
electrically connected in serial. It should be recognized that
although two PCBs are shown to construct one column of
LEDs, asingle PCB may be utilized for a particular column of
LEDs. Each column of ten LEDs is electrically connected in
parallel to its adjacent column by wires 230A-13, respectively.
The backing 210 is preferably anodized with a white gloss to
reflect the light emitted from the LEDs.

The three column arrangement of LEDs as illustrated in
FIG. 2A seeks to balance heat dissipation for the LEDs, color
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uniformity, brightness, and cost in an advantageous manner.
The LEDs are positioned in the vertical direction at equidis-
tant spacing, v, and in the horizontal direction at equidistant
spacing, d. The spacing is measured from the center of two
adjacent LEDs. The exemplary measurements shown in FIG.
2 A have the vertical equidistant spacing, v as approximately
1 inch. The vertical equidistant spacing, v, is typically deter-
mined by the LED mounting arrangement such as the mount-
ing arrangement shown in FIG. 1A. The horizontal equidis-
tant spacing, d, is approximately 3 inches. If the horizontal
spacing is increased beyond approximately d, overall bright-
ness will degrade due to the number of LEDs being able to fit
in the 1 footx1 foot lighting package 200, thermal dissipation
will level off, and coloruniformity will degrade. These effects
of increasing the horizontal spacing beyond approximately
horizontal distance, d, results in increased cost of thermally
conductive material without recognizing noticeable benefits.

On the other hand, if the horizontal spacing is decreased
below horizontal distance, d, in LED lighting package 200,
brightness would be increased for two reasons. First, since the
number of LEDs in a given area is directly proportional to a
corresponding brightness level, by moving the LEDs closer, a
higher concentration of LEDs is now provided. Second, by
arranging LEDs closer in proximity, more room is now avail-
able in a defined area to add additional LEDs into a fixed
package such as the 1 footx1 foot LED lighting package 200.
However, the amount of heat generated per square inch would
also be increased to a point which exceeds the heat dissipation
capacity of utilizing an aluminum planar sheet. Conse-
quently, decreasing the horizontal spacing would require
more sophisticated and potentially more costly heat dissipa-
tion techniques for the increased level of brightness. For a
lighting application which requires a brightness level
achieved by the arrangement as shown in FIG. 2A, LED
lighting package 200 satisfies the brightness requirement
while also providing color uniformity and effective heat dis-
sipation at a reasonable cost. For example, when powering
LED lighting package 200 under an ambient temperature of
approximately 25° C., the temperature of backing 210 at
steady state was approximately 55° C.

FIG. 2B shows a top view of a 1 footx1 foot light emitted
diode (LED) lighting package 240 in accordance with the
present invention. Some lighting applications may not require
the same amount of brightness and may be using LEI}s which
may have nonuniform color along its outer edges of its cone
oflight, for example, back lighting, accent lighting of objects,
and general office lighting applications. LED lighting pack-
age 240 addresses those applications which have low bright-
ness level requirements and, thus, need to primarily focus on
addressing color uniformity. LED lighting package 240 posi-
tions the LEDs so that cach of the LEDs are approximately
equidistant from an adjacent LED in every direction. As
shown in FIG. 2B, eleven LEDs are equally spaced distance,
d, inches apart. The distance, d, may vary based on factors
such as the interference caused by utilizing LEDs which have
different operating characteristics than LED 10, the view
distance from an LED lighting package, a layer which may
optionally cover the LED lighting package such as a diffuser,
an optic, a lens, a collimator, and the laser. Although these
factors may be influential, the distance, d, may be approxi-
mated by the angle of intensity, a, for a particular type of LED
according to the following equation:

d=2%(1.25/tan((180-x)/2))

For example, in the 1 footx1 foot LED lighting package
240 which utilizes LED 10 having an angle of intensity of
100°, d equals approximately three inches. At distance, d, or
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closer, the intensity of primarily white light emitted from one
LED absorbs the vellow light found at the edges of a cone of
light emitted by an adjacent LED. Since the total number of
LEDs in LED lighting package 240 is cleven, heat dissipation
in a 1 footx1 foot frame is a nen-issue. Consequently, d may
be decreased and more LEDs may be added without aftecting
coloruniformity until the heat dissipation capacity of backing
210 is maximized.

FIG. 3 shows a top view of a 1 footx1 foot LED lighting
package 300 employing an alternative backing arrangement
305 in accordance with the present invention. Backing
arrangement 305 is in the form of a ladder structure. The
ladder structure is composed of strips of thermally conductive
material such as aluminum and preferably anodized with a
white gloss. The ladder structure includes an upper member
310A and a lower member 310B attached to cross members
315A-315C. The cross members 315A-315C as shown in this
exemplary embodiment are approximately 1.5 inches wide, 1
foot long, and Vs inch thick and are spaced z or approxi-
mately 1.6 inches apart. Cross members 315A-315C are
attached to members 310A-3108 and separated by free space.
PCBs such as PCBs 320A and 3208 containing an array of
five LEDs are attached to the cross members 315A-315C. The
combination of cross member 315C with PCBs 320A and
320B compose LED module 317. The vertical equidistant
spacing, v. in this exemplary embodiment is approximately 1
inch. The horizontal equidistant spacing, d. in this exemplary
embodiment is approximately 2.75 inches. The edge distance,
e, as shown in FIG. 3 is approximately 34% inches. When
powering LED lighting package 200 under an ambient tem-
perature of approximately 25° C., the temperature of cross
members 315A-315C at steady state was approximately 55¢
C.

By utilizing a ladder structure 305, the LED lighting pack-
age 300 may now achieve higher brightness levels than LED
lighting package 200 with the same heat dissipation because
the LED arrays can be positioned closer. Furthermore, since
the edge distance, e, is greater than the horizontal distance, d,
an additional column of LEDs may be added, further increas-
ing the brightness as will be discussed firrther in connection
with FIG. 5C.

It is noted that although the ladder structure is shown as
strips of thermally conductive materially attached to support
members, the present invention contemplates alternative
techniques of forming a ladder structure such as by stamping
out space gaps from a planar backing such as backing 210.

FIGS. 4A and 4B are top views illustrating aspects of two
2 feetx2 feet LED lighting packages. F1G. 4A shows a 2
feetx2 feet LED lighting package 400. LED lighting package
400 comprises six columns 405A-405F of twenty LEDs.
BEach of the LEDs in a particular column is electrically con-
nected in serial. Each column of LEDs is electrically con-
nected in parallel. LED lighting package 400 is composed of
four 1 footx1 foot LED lighting packages 200 fixedly

attached to each other with medified wiring to maintain the 3

parallel electrical connections between columns 405A-405F.
The horizontal and vertical spacing of LED lighting package
400is the same as FIG. 2A. Rather than abutting four separate
1 footx1 foot LED lighting packages as illustrated in FIG. 4 A,
LED lighting package 400 may be alteratively constructed
utilizing a planar sheet of thermally conductive material for
backing 403 and the columns 405A-451° may be fixedly
attached to the planar sheet.

FIG. 4B shows a 2 feetx2 feet LED lighting package 410.
LED lighting package 410 comprises a ladder structure 415.
The ladder structure 415 includes an upper member 420 A, an
optional middle member 420B, and a lower member 420C.
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The ladder structure 415 also includes cross members 417A-
417F where cach member is fixedly attached to members
420A-420C. Each cross member has a column of four PCBs
with each PCB having five LEDs mounted thereon. The hori-
zontal and vertical spacing of LED lighting package 410 is the
same as F1G. 3. Members 420A-4208 and 417A-417F are
constructed from a thermally conductive material such as
aluminum which is preferably anodized with a white gloss.

It should be noted that the dimensions defining the size of
LED lighting packages are illustrative and exemplary.

FIG. 4C is a perspective view of an exemplary backlight
lighting application 422 employing six LED lighting pack-
ages 425A-425F. LED lighting packages 425A-4251' may
suitably be similar to LED lighting packages 200, 240, 300,
400, and 410 and the choice of which LED lighting package
to deploy in the exemplary lighting application 422 depends
on the brightness level required to illuminate curtain 427, a
distance between lighting packages and curtain 427, and aes-
thetic effect to be accomplished. The distance between the
array of LED lighting packages 425A-425F and the curtain
427 is between 5 and 18 inches. For this given distance for a
back lighting application, a footprint of area defined by the
array of LED lighting packages 425A-425F is preferably
75% of the arca of the curtain 427. For example, utilizing six
LED lighting packages 201 as the LED lighting packages
425A-425F, a six square foot footprint is defined by six LED
lighting packages 201. Curtain 427 would cover eight square
feet. Although curtain 427 is one type of diffuser which may
used in a back lighting application such as lighting a demon-
stration booth at a trade show, other diffuser types such as
those made from cloth, plastics, nvlon, and the like may be
utilized within the scope of the present invention. Addition-
ally, another back lighting application may include a screen as
the diffuser and a sign being projected on the screen.

FIG. 4D is a perspective view of an exemplary surface
lighting application 435 employing an LED lighting package
429. Exemplary surface lighting application 435 illuminates a
conference table 442. LED lighting package 429 has a light-
ing cover 440 which acts a light diffuser. LED lighting pack-
age 429 may suitably be similar to LED lighting packages
200,240,300, 400,410, and 540 and the choice of which LED
lighting package to deploy in the exemplary surface lighting
application 435 depends on the brightness level required to
illuminate conference table 442.

FIG. 4E is a perspective view of an exemplary high bay
lighting application 450 employing an LED lighting fixture
455 in accordance with the teachings of'the present invention.
LED lighting fixture 455 includes an LED lighting package
such as LED lighting package 540. LED lighting fixture 455
is placed a distance, h. The distance, h, as shown is 20 feet.
However, a typical range for LED lighting fixture 455 is
between 8 and 30 feet. LED lighting package 540 will be
described further in connection with the discussion of FIG.
5C.

FIG. 5A shows a perspective view 500 of a T-shaped inte-
grated support heat sink 510 for a PCB 520 having an array of
LEDs such as PCB 220A according to the present invention.
The T-shaped integrated support heat sink 510 has a width, w,
of approximately 1.5 inches and a height, h, of approximately
1 inch. The length, 1, is approximately 5.5 inches. However,
the length, 1, and number of LEDs affixed to a T-shaped heat
sink varies depending on the particular type of lighting appli-
cation. The T-shaped heat sink 510 is made from thermally
conductive material and is preferably a T-shaped aluminum
bar. PCB 520 is fixedly attached to the T-shaped heat sink 510.
The T-shaped heat sink 510 provides heat dissipation of the
array of LEDs mounted to PCB 520.
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FIG. 5B shows a perspective view of a T-shaped LED array
module 530 in accordance with the present invention.
T-shaped LED array module 530 include a T-shaped heat sink
525 and a PCB 535 containing ten LEDs fixedly mounted on
the top surface of the T-shaped heat sink 525. The T-shaped
heat sink 525 has a width of approximately | inch, a height of
approximately 1 inch, and a length of approximately 12
inches. The T-shaped heat sink 525 is made from thermally
conductive material such as aluminuim, is approximately Yie
inch thick, and is optionally painted anodized black.

FIG. 5C shows a top view of a 1 footx]1 foot LED lighting
package 540 having nine LED lighting arrays such as
‘I-shaped LED array module 530 for a total of 90 LEDs. LED
lighting package 540 includes two L-shaped support bars
545A and 545B. The T-shaped LED arrays are attached to the
imside surface the L-shaped support bars 545A and 545B and
spaced at an equal distance, s, of approximately Y4 inch. Since
the LEDs are positioned so close to each other, color unifor-
mity is achieved. Two L-shaped support bars 545A and 5458
are optionally anodized in black to help the heat be drawn
from the LEDs and are made with thermally conductive mate-
rial such as aluminum. When powering LED lighting package
200 under an ambient temperature of approximately 30° C.,
the temperature of cross members 315A-315C at steady state
was approximately 62° C. LED lighting package 540 allows
90 one watt LEDs to be placed in close proximity within a 1
footx1 foot area. LED lighting package 540 may be suitably
utilized in a high intensity density (HID) lighting application
such as a high bay warehouse lighting application. It is noted
that although support bars 545A and 545B are shown as
L-shaped, other shaped bars may be utilized such as T-shape
and Z-shape support bars.

FIG. 6 shows a side view of'a lighting package 600 employ-
ing the T-shaped heat sink 510 in accordance with the present
invention. The lighting package 600 includes an 1 -shaped bar
620 having a width of approximately L4 inch, a vertical length
ofapproximately 3 inches, and a horizontal length of approxi-
mately 2.5 inches. The L-shaped bar 620 is preferably con-
structed from thermally conductive material such as alumi-
num. The ends of the L-shaped bar are optionally flanged to
support a piece of transparent synthetic resinous material 650
such as acrylic, Plexiglas®, and the like. The flanged ends are
approximately (.25 inches long. The T-shaped heat sink 510
is fixedly mounted to the inner surfaces of the I.-shaped bar
620. The bottom outer surface of the L-shaped bar 620 is
fixedly mounted to the outer surface of the top portion of a
hinge 640. The outer surface of the bottom portion of the
hinge 640 is fixedly mounted to plate 630. The hinge 640
allows the light emitted from the array of LEDs 520 to be

adjusted and aligned with a subject. The optional piece of 5

transparent synthetic resinous material 650 is mounted on the
flanged ends of the L-shaped bar 620. It should be recognized
that rather than the L-shaped bar 620, an equal side corner bar
may be alternatively utilized.

FIGS. 7A-7D show lighting packages which dissipate heat 3

from an array of LEDs mounted therein in accordance with
the present invention. FIG. 7A shows a perspective view of a
lighting package 700 in the shape of a trapezoidal channel
710. The trapezoidal channel 710 has a base 705 at the bottom
of the channel and two sides 715A-715B extending at obtuse
angles from the base 705. The trapezoidal channel 710 has a
thickness of approximately ¥is inch and is made from thermal
conductive material such as aluminum. Base 705 is approxi-
mately 2 inches. The height of the top edge of sides 7T15A-
7158 as measured according to a normal line projected to a
plane defined by base 705 is approximately 1 inch. The dis-
tance, 1, between the top edges of sides 715A-715B is
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approximately 3 inches. The length of the trapezoidal channel
710, 1, varies with the particular type of lighting application.
The inside surface of the trapezoidal channel 710 is prefer-
ably anodized with a white gloss. A PCB 720 containing
LEDS is fixedly mounted at the top of base 705. PCB 720 may
suitably be similar to PCB 520. Trapezoidal channel 710
serves as a heat sink as well as a LED light package. Other
channel shapes may be employed as an LED lighting pack-
age.

FIG. 7B shows a side view of a lighting package 730 having
a channel with constant curvature. FIG. 7C shows a side view
of'a lighting package 740 in the shape of a rectangular chan-
nel. Lighting package 740 has PCB 720 fixedly mounted to
the base of the lighting package 740. FIG. 7D shows a side
view of a lighting package 740 in the shape of a parabolic
channel. Lighting packages 730 and 750 has PCB 720
mounted through a T-shaped heat sink such as heat sink 510.
Although not shown, transparent synthetic resinous material
such as acrylic, Plexiglas®, and the like may be affixed to the
top of LED lighting packages 710, 730, 740, and 750.

The spacing in the above packages balances color unifor-
mity, heat dissipation, brightness, and cost for Cree’s
XLamp™ 7090 for a particular lighting application and
addresses other LEDs having similar operating characteris-
tics of the XLamp™ 7090,

FIG. 8 shows a control system 800 for one or more LED
lighting packages according to the present invention. Refer-
ring to FIG. 4C, lighting application 422 utilizes six LED
lighting packages. As displayed in FIG. 8, control system 800
may be suitably employed to selectively apply power to one
or more of six LED lighting packages and to simuliancously
vary the brightness of one or more of the six LED lighting
packages. During brightness adjustment, the activated LED
lighting packages are adjusted together so as to cutput the
same brightness level.

Control system 800 includes six direct current (DC) power
supplies 810A-810F, a potentiometer 820, and an Fthernet
control relay switch, Each power supply supplics power to a
corresponding LED lighting package such as lighting pack-
ages 200, 240, 300, 400, and 410. For the sake of simplicity,
only power supply 810A will be described in detail here, but
power supplies 810B-810F may suitably be similar and
employ similar or identical equipment. Alternatively, power
supplies 810B-810F may employ different equipment from
that of the item 810A and of one another, so long as they are
able to communicate with potentiometer 820. Power supplics
810A-810F may be suitably a constant current supply with
appropriate wattage such as model PSI-150W-36, manufac-
tured by PowerSupplyl. Power supplies 810A-810F have a
positive DC output terminal electrically connected to Fther-
net control relay switch 830 and a negative DC output termi-
nal electrically connected to ground. Power supplics 810A-
810F also have an analog control port such as analog control
port 815 which 1s electrically connected to potentiometer 820.
The potentiometer 820 preferably includes an Ethernet con-
trol port and is preferably connected to a wireless router 840.
Potentiometer 820 is well known and may include generally
available 1 kiloohm, 1 watt potentiometer having an inte-
grated Ethernet. The Ethemet control relay switch 830
includes at least six output ports such as output port 825. Each
output port is electrically connected to a corresponding LED
lighting package. The Ethernet control relay switch 830 also
includes an Ethernet control port 835 which is preferably
connected to the wireless router 840. Fthernet control relay
switch 830 may suitably be a Smart Relay Controller, manu-
factured by 6Bit Incorporated having six 10 amp relays. A
laptop 850 with a wireless adapter wirelessly communicates
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with the wireless router 840 to control either the Fthernet
conirol relay switch 830 (o selectively power one or more
LED lighting packages, the potentiometer 820 (o vary
together the brightness level of LED lighting packages. or
both.

Power supplies 810A-8101 receive input from an alternat-
ing current (AC) power source (not shown). The AC power
source may provide 120 volts (V) at 20 amps (A) or a range of
220V-240V at 20A. The input AC power runs between 50 and
60 hertz (Hz). Referring to LED lighting packages 400 and
410, the output power of power supplics 810 A-810F matches
the DC operating conditions of at most six columns of 20
serially connected LEDs where each column is electrically
connected in parallel. Typically, the designed operating range
for an LED such as LED 10 is to receive constant current
around 350 mA. Consequently, for cach power supply to
power an LED lighting package such lighting packages 400
and 410, cach power supply outputs 36V at 4.2 Amps,

In operation, the Ethernet control relay switch 830 1s con-
trolled by a laptop through its Ethernet port 835 to connect
one or more power supplies 810A-810F to their correspond-
ing LED lighting packages. The potentiometer is manually
controlled or controlled by laptop 850 to, in tum, vary the
output voltage of power supplics 810A-810F simultancously
to the connected LED lighting packages. The combination of
relay control and brightness contrel of the LED lighting pack-
ages provides a two dimensional adjustment. With control
system 800, Laptop 850 may alternatively employ music to
control both the potentiometer 820 and Ethernet control relay

switch 830 so that the LED lighting packages emit lighting 3

patterns corresponding to the beat of the music.

While the LED lighting packages have been disclosed in
the context of'an XLamp™ 7090 from Cree, Incorporated. the
dimensions disclosed within a package such as spacing
between members may vary based on the operating charac-
teristics of a particular LEID such as the XLamp™ 3 7090,
XL amp™ 4550, and the like when employed by the LED
lighting packages.

It should be noted that according to the teachings of the
present inventien, LED lighting packages 200, 240. 300, 400,
410, and 540 and T-shaped integrated support heat sink 510
are modular components and may be combined with them-
selves or with each other to make various arrangements and
configurations of larger LED lighting packages to meet spe-
cific lighting applications. Additionally, LED lighting pack-
ages 200, 240, 300, 400, and 410 and their combinations may
be mounted and/or retrofitted into existing non-LED lamp
fixtures including fluorescent ceiling fixtures. In retrofitting
existing LED lighting packages to existing fluorescent lamp
fixtures according to the teachings of the present invention,
alternating current (AC) to DC conversion circuitry may need
to be added or replaced in @ manner known to one having
ordinary skill in the art. Alternatively, AC may be supplied to
the LED lighting packages.

Furthermore, it is recognized by the teachings ef the 3

present invention that various layers may proximately cover
LED lighting packages and integrated support heat sinks
disclosed herein including diffusers, collimators, optics. lens,
and the like. Although dependent on the optical properties of
a particular diffuser, a diffuser is gencrally placed approxi-
mately 4 inches from the LEDs in the LED lighting packages
to blend the light emitted. Depending on the lighting appli-
cation or properties of the diffuser. the spacing may be
selected to achieve a desired color uniformity or appearance.

An LED module which includes PCB and [.ED combina-
tion mounted on a thermally conductive backing such as LED
module 317 is modular and may be arranged to address vari-
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ous configurations according to a specific lighting applica-
tion. FIG. 9 illustrates various exemplary arrangements 900
of LED modules to define alternative LED lighting packages
in accordance with the present invention. Depending on the
embodiment, the LED lighting packages may include LED
modules and/or support members without LEDs. In certain
embodiments, the LED modules or support members have
been described as strips, alternative shapes and/or lengths for
the LED modules may be utilized.

It should be noted that the printed circuit boards (PCBs)
containing onc or more LEDs described in the above embodi-
ments is preferably mounted to thermally conductive material
utilizing a thermal apoxy such as such as Loctite® 384, other
well known techniques including utilizing screws, rivets, and
the like are also contemplated by the present invention. Also,
the PCBs described above may be painted white to help
reflect emitted light or black to help heat dissipation depend-
ing on the particular lighting application.

While the present invention has been disclosed in the con-
text of various aspects of presently preferred embodiments
including specific package dimensions, it will be recognized
that the invention may be suitably applied to other environ-
ments including different package dimensions and LED mod-
ule arrangements consistent with the claims which follow.,

Iclaim:

1. A package of light emitting diodes (LEDs) comprising:

a backing of thermally conductive material; and

two or more arrays of LEDs, each array mounted to a

printed circuit board (PCB), the PCBs for the two or
more arrays attached to the top surface of the backing,
said two or more arrays of LEDs separated by a selected
distance, d inches apart, where d is approximately equal
to 2*(1.25/tan((180-a/2)) and at is the angle of intensity,
to balance heat dissipation and color uniformity ot the
LEDs.

2. The package of claim 1 wherein the backing of thermally
conductive material is a planar sheet of aluminum.

3. The package of claim 1 wherein the top surface of the
backing has a white color to provide diffuse reflection.

4. The package of claim 1 wherein the package dimensions
are 1 foot by 1 foot.

5. A package of light emitting diodes (LEDs) comprising:

a backing of thermally conductive material; and

two or more arrays of LEDs, each array mounted to a

printed circuit board (PCB), the PCBs for the two or
more arrays attached to the top surface of the backing,
said two or more arrays of LEDs separated by a selected
distance, d inches apart, where d is less than 2*{1.25/tan
((180—c1)/2)) but greater than or equal to the smallest
distance for which the backing provides adequate heat
dissipation and a is the angle of intensity, to balance heat
dissipation and color uniformity of the LEDs.

6. The package of claim 5 wherein the two or more arrays
of LEDs are electrically connected in parallel.

7. The package of claim 5 wherein the two or more arrays
of LEDs where the L EDs operate around 350 mAmps of input
current and consume approximately 1 Watt of power.

8. The package of claim 5 wherein the backing comprises
two or more strips of aluminum attached to two support
members forming an opening framed by said strips of alumi-
num and said support members, the two or more arrays of
LEDs attached to the upper surfaces ot the two or more strips
of aluminum.

9. The package of claim 5 wherein the backing comprises
two or more T-shaped aluminum bars attached to two support
members, the two or more arrays of LEDs attached to the
upper surfaces of the two or more T-shaped aluminum bars.
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10. A module of light emitting diodes (LEDs) comprising:

a plurality of LEDs: and

a T-shaped bar composed of thermally conductive material
having auniform thickness, the T-shaped bar comprising
atop member having a width and a center and a substan-
tially perpendicular leg member having a height and
located substantially at the center of the top member, the
width of the top member being at least equal to the height
of the perpendicular leg member, and wherein the plu-
rality of LEDs are mounted above the upper surface of
the top member of the T-shaped bar and substantially
centered above the perpendicular leg member, whereby
heat generated from the plurality of LEDs is dissipated
by the T-shaped bar.

11. The module of claim 10 wherein the T-shaped bar is
anodized black aluminum.

12. A module of light emitting diodes (LEDs) comprising:

a plurality of LEDs;

a'l-shaped bar composed of thermally conductive material,
the T-shaped bar comprising a top member having a
center and a single substantially perpendicular leg mem-
ber located substantially at the center ofthe top member;

a printed circuit beard (PCB) having the plurality of LEDs
attached thereto. the PCB being attached to the upper
surtace of the top member of the T-shaped bar and sub-
stantially centered above the perpendicular leg member

to dissipate heat generated from the plurality of LEDs;
and
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an L-shaped bar having two inner surfaces and a lower
outer surface, the T-shaped bar attached to the two inner
surfaces of the L-shaped bar.

13. The module of ¢laim 12 further comprising:

a plate; and

a hinge having a top and bottom outer surface, the bottom

surface of the [-shaped bar attached to the top outer
surface of the hinge, the bottom outer surface of the
hinge attached to the plate allowing the T-shaped bar to
rotate about the axis of the hinge.

14. The package of claim 7 wherein the package dimen-
sions are approximately 1 foot by 1 foot.

15. The package of claim 14 wherein three arrays are
employed and include a total of at least 30 LEDs.

16. The package of claim 15 wherein during operation at an
ambient temperature of approximately 25° C. the backing
reaches a steady state temperature of approximately 55° C.

17. The package of claim 15 wherein said at least 30 LEDs
have a vertical spacing of approximately 1 inch.

18. The package of'claim 1 further comprising a diftuser to
form a lighting fixture for room lighting.

19. The module of claim 10 wherein the plurality of LEDs
arc mounted on a printed circuit board attached to the upper
surface of the T-shaped bar, the thermally conductive material
is aluminum, and the uniform thickness is approximately
one-sixteenth of an inch.

20. The module of claim 19 wherein the 1-shaped bar has
a height of approximately one inch and a width of approxi-
mately one to one and one-half inches.

# #* # # #
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