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(57) ABSTRACT

An LED-based luminaire employs an LED module mounted
to a housing. The LED module is advantageously configured
to transmit heat generated by the LEDs across and/or through
the module and to the housing for dispersal to the environ-
ment. LED modules can be configured with conductive or
non-conductive cores, and may be configured to evacuate
heat from one or both faces of the LED module. Further,
multiple heat paths can be defined from components on an
LED module to the housing and to the environment.
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1
LED-BASED LIGHT ENGINE HAVING
THERMALLY INSULATED ZONES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 12/632,759, filed on Dec. 7, 2009. This application also
claims the benefit of U.S. Provisional Application Nos.
61/171,741, filed on Apr. 22, 2009, 61/154,106, filed on Feb.
20,2009, 61/152,202, filed on Feb. 12, 2009, and 61/120,390,
filed on Dec. 5, 2008. The entireties of each of these priority
applications are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is in the field of illumination devices
and, more specifically, light emitting diode (LED)-based illu-
mination devices.

2. Description of the Related Art

Most lighting applications utilize incandescent or gas-
filled bulbs, particularly lighting applications that require
more than a low level of illumination. Incandescent bulbs
typically do not have long operating lifetimes and thus require
frequent replacement. Gas-filled tubes, such as fluorescent or
neon tubes, may have longer lifetimes, but operate using
dangerously high voltages, are relatively expensive, and
include hazardous materials such as mercury. Further, both
bulbs and gas-filled tubes consume substantial amounts of
power.

In contrast, light emitting diodes (LEDs) are relatively
inexpensive, operate at low voltage, and have long operating
lifetimes. Additionally, LEDs consume relatively little power,
are compact, and do not include toxic substances. These
attributes make LEDs particularly desirable and well suited
for many applications.

Although it is known that the brightness of the light emitted
by an LED can be increased by increasing the electrical
current supplied to the LED, increased current also increases
the junction temperature of the LED. Excessive heat reduces
the efficiency and lifetime of the LED. Advances in LED
technology have brought increasingly bright LEDs. However,
such increased brightness is accompanied by increased heat-
generation.

SUMMARY

Accordingly, there is a need in the art for lighting systems
utilizing [.LEDs and which efficiently evacuate heat away from
the LEDs so as to preserve LED lifetime.

In accordance with one embodiment, the present invention
provides a light engine comprising, a light emitting diode
(LED) module, a first housing, and a second housing. The
LED module comprises an electrically nonconductive sub-
strate having a first face and a second face, a first plurality of
thermally conductive plates provided on the first face, and a
second plurality of thermally conductive plates provided on
the second face. Each of the second plurality of plates gener-
ally corresponds to a respective one of the first plurality of
plates. The LED module further comprises a plurality of
thermally conductive vias extending through the substrate.
The vias are configured to transfer heat between respective
ones of the first plurality of plates and the second plurality of
plates. The LED module further comprises a plurality of
LEDs arranged in a circuit defined on the first face, where heat
generated by the plurality of LEDs is transferred to the first
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and second plurality of plates. The first housing is formed of
a heat-conductive material and has an aperture. The LED
module is mounted on the first housing so that the first plu-
rality of plates is disposed adjacent to and thermally con-
nected to the first housing and light from the plurality of LEDs
is directed through the aperture. The second housing is
formed of a heat-conductive material and connected to the
first housing so that the second plurality of plates is adjacent
to and thermally connected to the second housing. The LED
module is sandwiched between the first and second housings.

In another embodiment, the first and second housings are
fastened together such that the LED module sandwiched ther-
ebetween is subjected to substantial compression.

In another embodiment, the first and second housings com-
prise a cavity adapted to accept the LED module therewithin.
The cavity has a depth that is less than a thickness of the LED
module substrate.

In another embodiment the aperture is formed through a
mount wall of the first housing, and the first face generally
engages the mount wall so that the LEDs extend past the
mount wall and into the cavity. The first face has an inner zone
and an outer zone, and the LEDs are disposed in the inner
zone, and the outer zone engages the mount wall.

In accordance with another embodiment, the present
invention provides a light engine comprising a light emitting
diode (LED) module, a first housing, and a second housing.
The LED module comprises a generally flat metallic substrate
having a first side and a second side, a circuit portion defined
on the first side, and a mounting portion formed on the first
side. A thin dielectric layer is formed on the circuit portion, a
plurality of electrically conductive traces are disposed on the
dielectric layer, and a plurality of LEDs are attached to the
traces so as to be electrically connected one to another. The
mounting portion is characterized by an absence of a dielec-
tric layer. The first housing is formed of a heat-conductive
material. The first housing has a mount surface with an aper-
ture formed therethrough, the aperture is sized and configured
so that the entire circuit portion fits within the aperture and at
least part of the mounting portion of the first side engages the
first housing mount surface. The second housing is formed of
a heat conductive material and has a mount surface. The first
and second housings are connected to one another so that the
second housing mount surface engages the second side of the
LED module substrate. The LED module is sandwiched
between the first and second housings. First and second heat
paths are defined, the heat paths extend from the LEDs to an
associated circuit trace through the dielectric and to the
metallic substrate. The first heat path extends from the metal-
lic substrate through the first face to the first housing and to
the environment. The second heat path extends from the
metallic substrate through the second face and to the second
housing and to the environment.

In another embodiment, the first face mounting portion
comprises a substantially bare metal surface, wherein the first
housing is metallic, and wherein the first housing mount
surface engages the first face mounting portion so as to have
metal-to-metal contact between the first face mounting por-
tion and the first housing mount surface.

In another embodiment, the second face comprises a sub-
stantially bare metal surface and the second housing is metal-
lic. The second face engages the second housing mount sur-
face so as to have metal-to-metal contact between the second
face and the second housing mount surface. The first and
second housings may be connected so as to apply compres-
sion to the LED module mounted therebetween.

In a further embodiment, the second housing defines a
compartment, and further comprising a power conditioner
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disposed generally within the compartment, the power con-
ditioner conditioning an input power so as to transform the
input power to an output power. The power conditioner is
spaced from the second housing compartment so as to be
thermally insulated from the second housing. The second
housing compartment is defined in part by a compartment
wall, and comprising a plurality of apertures formed through
the compartment wall so as to provide ventilation to the
compartment. The apertures may comprise slots.

In accordance with another embodiment, the present
invention provides a light engine comprising a light emitting
diode (LED) module and a first housing. The LED module
comprises a nonconductive substrate having a first side and a
second side, the first side having a first region and a second
region. The LED module further comprises a plurality of
conductive contact pads on the first region, a first plurality of
thermally conductive plates on the second region, a plurality
of light emitting diodes arranged in a circuit on the second
region, a plurality of conductive circuit traces formed on the
first side that communicate selectively with the plurality of
conductive contact pads and the light emitting diodes, and a
plurality of electrical components disposed on the plurality of
contact pads. The plurality of electrical components is ther-
mally insulated from the plurality of light emitting diodes
such that a substantial portion of the thermal energy generated
by the plurality of light emitting diodes is transferred to the
first plurality of plates. The first housing is formed of a ther-
mally conductive material and has an aperture. The light
emitting diode module is mounted on the first housing so that
light from the plurality of light emitting diodes is directed
through the aperture. The first plurality of thermally conduc-
tive plates of the second region engage the first housing so that
heat from the light emitting diodes is directed to the thermally
conductive plates and further to the first housing.

In another embodiment, a thermally conductive plate is
formed on the second side of the substrate and a conductive
via extends through the substrate to thermally connect the
second side plate with at least one of the contact pads in the
first region.

In another embodiment, the light engine further comprises
a second housing formed of a thermally conductive material.
The second housing engages the second side plate so that heat
from the first region is directed to the second side plate and
further to the second housing. The light emitting diode mod-
ule is sandwiched between the first and second housings. A
first heat path is defined from the second region to the first
housing, and a second heat path is defined from the first region
to the second housing.

In another embodiment, the light engine further comprises
a power driver power adapted to receive an input power and
output a conditioned power, wherein the power driver is
attached to the substrate so as to communicate with at least
one of the contact of the first region while being thermally
insulated from the second region. The second housing has an
aperture formed therethrough. The second housing is
attached to the first housing so that the substrate is sand-
wiched between the first and second housings and the power
driver is thermally spaced from each of the first and second
housings.

In another embodiment, the light engine further comprises
a second plurality of thermally conductive plates formed on
the second side of the substrate, each of the second plurality
of plates generally corresponding to a respective one of the
first plurality of plates. A plurality of thermally conductive
vias extends through the substrate. The vias are configured to
transfer heat between respective ones of the first plurality of
plates and the second plurality of plates. The second plurality
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of'plates is configured such that the first region is substantially
thermally insulated from the second region. The second hous-
ing engages the second plurality of plates.

Further embodiments can include additional inventive
aspects, and apply additional inventive principles that are
discussed below in connection with preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an embodiment of an LED module in accor-
dance with one embodiment.

FIG. 2 is a back-side view of the embodiment of FIG. 1.

FIG. 3 shows the embodiment of FIG. 1 mounted on a
housing and having LEDs disposed thereon.

FIG. 4 is a schematic view of an embodiment of an LED.

FIG. 5A is a side view of a an LED-based luminaire in
accordance with one embodiment.

FIG. 5B is cross-sectional view of the luminaire of FIG. 5A
taken along line 5B-5B.

FIG. 6 is an exploded view of the embodiment of FIG. 5A.

FIG. 7 is a cross-sectional view of an embodiment of an
LED module, shown as a section of a circuit board having
similarities to the circuit board of FIG. 1 taken at and adjacent
solder pads.

FIG. 8 shows another embodiment of an LED module.

FIG. 9 is a schematic representation of an electrical circuit
of an LED module as in FIG. 8.

FIG. 10A is another embodiment of a light engine.

FIG. 10B is cross-sectional view of the embodiment of the
light engine from FIG. 10A taken along line 10B-10B.

FIG. 11 is an exploded view of the light engine of FIG.
10A.

FIG. 12 is a cross-sectional view of a portion of the
embodiment of FIG. 10A taken along line 12-12.

FIG. 13 is a cross-sectional view of another embodiment of
an LED module.

FIG. 14A is another embodiment of a light engine.

FIG. 14B is cross-sectional view of the light engine from
FIG. 14A taken along line 14B-14B.

FIG. 15 is an exploded view of the light engine from FIG.
14A.

FIG. 16 is a cross-sectional view of another embodiment of
an LED module.

FIG. 17 is a cross-sectional view of another embodiment of
a light engine.

FIG. 18 shows another embodiment of an LED module.

FIG. 19 is an exploded view of another embodiment of a
light engine.

FIG. 20 shows the light engine of FIG. 19 from a view
looking toward a light output side.

FIG. 21 is a side sectional view of the light engine of FIG.
19.

FIG. 22 is another embodiment of an LED module.

FIG. 23 is a front-side view of a circuit board for use with
another embodiment of an LED module.

FIG. 24 is a back-side view on the embodiment of FIG. 23.

FIG. 25 is a cross-sectional view of the embodiment of
FIG. 23 taken along line 25-25.

FIG. 26 is a cross-sectional view of the embodiment of
FIG. 23 taken along line 26-26.

FIG. 27 shows an LED module using the circuit board of
FIG. 23.

FIG. 28 shows a front-side view of another embodiment of
an LED module.

DETAILED DESCRIPTION

The present specification and figures present and discuss
embodiments of light emitting diode (LED) modules and
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LED-based luminaires and LED-based light engines that
employ such modules. Structure for the illustrated embodi-
ments is discussed herein, as are methods for making such
embodiments in accordance with the structure. It is to be
understood that the specific embodiments disclosed herein
are presented as examples, and the technology and principles
described herein can be applied to other configurations and
technologies that involve a circuit board with componentry
mounted thereon.

FIGS. 1 and 2 illustrate one embodiment of a light emitting
diode (LED) lighting module, which is adapted to provide
light for an LED-based luminaire. The LED module 202
comprises a printed circuit board 52 upon which LEDs and
associated power delivery circuitry is mounted. FIG. 1 shows
a first, or front, face 54 of the circuit board 52 and FIG. 2
shows a second, or back, face 842 of the printed circuit board
for use in such an LED module 202.

Preferably, the circuit board comprises a body, or core,
formed of a dielectric material, such as conventional FR4
material. Such material is not electrically conductive; thus
electrical circuit traces, contact pads and the like can be
placed on the circuit board body and be electrically insulated
relative to one another. In the illustrated embodiment, the
material from which the circuit board body 52 is FR4, which
is not particularly heat conductive. More specifically, FR4
material has low heat conductance properties. Other embodi-
ments may employ other materials for the core.

With reference to FIG. 1, the front face 54 of the circuit
board body 52 has areas of conductive material disposed
thereon. More particularly, electrical leads 76, contact pads
64, 72, 74 and plates 68 are disposed on the front face. The
electrical leads 76, contact pads 64 and plates 68 preferably
are formed of a thin layer of conductive material such as
copper or another metal that has been etched, printed or
otherwise provided on the dielectric circuit board body 52. In
some embodiments, the leads, pads, and plates are mostly
covered with a masking material in order to protect the circuit
board.

The illustrated plates 68 are electrically conductive and are
preferably large and flat. As such, the plates 68 spread heat
generated by components mounted thereon over a large area.
Heat generated by the components is drawn out of the com-
ponents and spread across the corresponding plate. The plates
are not limited to any particular shape or size, but preferably,
the plates are sized to make the most effective use of the
circuit board.

The contact pads 64, 72, 74 or solder pads, are configured
to enable and support the mounting of certain electrical com-
ponents on the circuit board 52 in a conventional manner in
which connectors of the components are soldered to the con-
tact pads 64, 72, 74. The electrical leads 76, or circuit leads,
are electrically conductive portions that communicate elec-
tric current to contact pads 72. The contact pads 64, 72, 74 and
electrical leads 76 are generally contiguous with one of the
corresponding plates.

With continued reference to FIG. 1, a first or center plate
68a is disposed generally centrally in the circuit board 52. A
first power aperture 56 is formed through the circuit board 52
and the first plate 68a and is generally encircled by a power
contact pad 58, which electrically communicates with a first
lead 76a. The first power contact pad 58 and first lead 764 are
electrically spaced from the first front plate 68a. A first LED
mount 70a comprises a first connector pad 72a defined on the
first lead 764, a second connector pad 74a defined on the first
front plate 68a, and a slug pad 64a disposed on the first front
plate 68a.
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A second lead 765 extends from the first front plate 68a
into, but not electrically communicating with, a second front
plate 68b. A second LED mount 706 comprises a first con-
nector pad 725 disposed on the second lead 765 so as to be
adjacent a slug pad 645 and second connector pad 745 dis-
posed on the second plate 685.

As shown in FIG. 1, preferably a repeating pattern is estab-
lished. More particularly, a third lead 76¢ extends from the
second plate 685 and into but not electrically communicating
with an adjacent third plate 68c. A third LED mount 70c¢
comprises a first connector pad 72¢ disposed on the third lead
76¢ so as to be adjacent a second connector pad 74¢ and slug
pad 64c¢ disposed on the third plate 68c. Similarly, a fourth
lead 76d extends from the third plate 18¢ and into but elec-
trically spaced from an adjacent fourth plate 684. The fourth
LED mount 704 comprises a first connector pad 72d disposed
on the fourth lead 764 so as to be adjacent a second connector
pad 74d and slug pad 64d disposed on the fourth plate 684. A
similar pattern persists through a fifth lead 76e, fifth plate 68e,
fifth mount 70e, sixth lead 76f, sixth plate 68f, sixth mount
70f, seventh lead 76g, seventh plate 68g, seventh mount 70g,
eighth lead 76/, eighth plate 68/, eighth mount 70/, ninth
lead 764, ninth plate 68, and ninth mount 70:.

In the illustrated embodiment the pads are portions or
zones of associated leads and plates that are configured to
accept attachment of components. More specifically, the pads
are coated with a solder layer to facilitate such attachment,
while the remainder of the leads and plates is covered with a
protective mask layer.

The illustrated ninth plate 68; has a power return aperture
60 formed therethrough, which aperture 60 extends through
the circuit board 52. A power return contact pad 62 is disposed
about the power return aperture 60. The return power contact
pad 62 communicates with and is part of the ninth plate 68,
and is also adapted to support wires of a power wire to be
soldered onto the return power contact pad 62.

The illustrated embodiment provides a circuit architecture
in which the first through ninth LED mounts 70a-i are
arranged electrically in series.

With continued reference to FIGS. 1 and 2, in the illus-
trated embodiment, the circuit board 52 also has first through
ninth plates 88a-i formed on the back face 82 of the circuit
board 52. The first through ninth back plates 88a-i generally
correspond in size and position to the respective first through
ninth front plates 68a-i. Several vias 80 extend through the
circuit board body 52 to connect respective front 18 and back
plates 48. Each via 80 preferably comprises a heat pipe con-
figured to communicate heat between the front and back
plates 68, 88. In some embodiments, each conductive via
comprises a hole formed through the circuit board body,
whichhole is lined or filled with a conductive material such as
copper or another metal. An arrangement as discussed above
provides advantageous heat management properties. Specifi-
cally, the vias communicate heat between the front and back
plates, and thus the effective heat bearing surface area of each
front plate is dramatically increased, effectively doubled in
this embodiment. As such, when heat is generated by an LED,
the heat is drawn out of the LED package and spread into the
front and back plates, from which it is disbursed to the envi-
ronment and/or an adjacent heat sink. Notably, multiple
smaller-sized vias 84 are placed to correspond to each slug
pad 64. Placing smaller vias 84 better utilizes the area and
enables the placement of more vias in particularly heat-sen-
sitive areas.

FIG. 3 illustrates an embodiment of an LED lighting mod-
ule 100 using the circuit board 52 illustrated in FIGS. 1 and 2,
in which first through ninth LED packages 106a-i have been
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mounted on the first through ninth LED mounts 70a-i, respec-
tively. In addition, the back face 82 of the circuit board 52 has
been mounted on a housing 102 fabricated from a thermally
conductive material.

FIG. 4 illustrates an example of a typical LED package 106
having a first connector 124, a body 122, and a second con-
nector 126. When electrical current is input through the first
connector 124, it flows into the body 122, which houses a die.
Electric current then flows out of the package through the
second connector 126. The die lights as electric current passes
through it. During operation of the LED package 106, signifi-
cantheat is generated by the litdie. As discussed above, LEDs
function best when a junction temperature of the die is kept
below a threshold value. In the illustrated embodiment, a
conductive metal slug 128 is provided immediately below the
die so that heat generated by the die is communicated to the
slug 128.

With continued reference to FIGS. 1 and 3, when properly
soldered or otherwise attached into place, the first connector
124a of a first LED package 106a connects to the first con-
nector pad 72a on the first lead 764, the second connector
126a of the first LED package 106a connects to the second
connector pad 74a on the first front plate 68a, and the slug
128a of the LED package 106a engages the slug pad 64a of
the first front plate 68a. As such, electric current is provided
from the first connector 124a through the body 122¢ and out
of'the second connector 126a, but heat from the slug 128a is
communicated into the slug pad 64a and further to the first
plate 68a. Some, though comparatively little, heat is also
communicated through the first and second connectors 124a,
126a into associated first and second connector pads and
further to the associated lead and/or plate.

In operation, each of the first through ninth LEDs 106a-i
produces significant heat. Such heat is communicated to a
larger surface area by transferring the heat to the associated
front 68 and back plates 88 through both the smaller 84 and
larger vias 80. The heat can then be evacuated from the plates
68, 88 to the housing 102 and the ambient environment. Thus,
heat generated by each LED 106 is drawn away from the LED
106 and into the environment. In order to avoid potential
damage to the die, heat is preferably transferred from the LED
106 at a rate that maintains the junction temperature ofthe die
below a threshold value.

In the embodiment illustrated in FIG. 3 the back face 82 of
the circuit board 52 is attached to the housing 102. The
housing 102 is preferably constructed from a material having
high heat conductance properties, such as aluminum. The
back face 82 of the circuit body 52 may be attached to the
housing 102 by a VHB tape or other medium that electrically
insulates the back plates 88 from the housing 102 but facili-
tates heat transfer from the back plates 88 through the
medium and into the housing 102. In the illustrated embodi-
ment, the housing has a plurality of fins 104 to help dissipate
heat to the environment.

Thus, in the embodiment illustrated in FIG. 3, heat gener-
ated by LEDs 106 is spread across the front plates 68 and the
back plates 88, and heat from the back plates 88 is commu-
nicated to the housing 102 and disbursed to the environment.
This advantageous heat transfer structure helps prevent the
die portion of the LED package from getting excessively hot,
which heat could potentially damage the die. Notably, in
some embodiments, a housing portion is also attached to the
front portion of the circuit board body. As such, heat is evacu-
ated to a back housing through the back plates and simulta-
neously to a front housing through the front plates.

The LED module discussed above employs a particular
structure in which nine LEDs are connected in electrical
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series. It is to be understood that other embodiments may
employ principles as discussed above on configurations hav-
ing more or fewer plates, leads and LEDs employing different
mounting configurations and circuit architecture, such as
electrically parallel configurations.

With reference next to FIGS. 5 and 6, an embodiment of a
luminaire 240 employing an LED-based light engine 200 is
shown. The light engine 200 employs an LED-based lighting
module and has advantageous heat-transfer properties. The
resulting luminaire can be easily customized to a desired look
without requiring modification of the light engine. In one
embodiment, the light engine employs the LED module 202
as described above.

The illustrated luminaire 240 comprises the light engine
200 and an attached trim portion 210, and is configured to be
used as a ceiling-mounted down-light. The trim 210 in this
embodiment is generally bowl-shaped, so as to help direct
light in a generally downward direction, and includes mount
members 220 to help mount the luminaire 240 in place. The
trim 210 is connected to the light engine 200 at a flange 230.

The light engine 200 comprises a first housing 204 and a
second housing 206. Preferably both the first and second
housings 204, 206 are formed of a heat-conductive material
such as aluminum. As such, both housings can function as
heat sinks. Although both illustrated housings comprise fins
218 to help transfer heat to the environment, it is to be under-
stood that other structures that facilitate heat transfer may be
employed.

The first housing 204 comprises a flange 226 adapted to
complement and engage the trim flange 230. In some embodi-
ments alens 208 is arranged between the firsthousing 204 and
the attached trim 210. Preferably the first housing 204 com-
prises a bowl portion 205, which generally aligns with a bowl
portion 211 of the trim 210. A cavity 222 is formed in the back
side of the illustrated first housing 204. The cavity 222 is
defined by a cavity surface 223 and a surrounding circumfer-
ential cavity wall 225. The cavity wall 225 preferably is sized
to accommodate at least a portion of the thickness of the LED
module 202. Preferably the cavity wall 225 has a longitudinal
length that is less than a thickness of the LED module circuit
board 52. An aperture 224 is formed through the first housing
204, and allows light from the LEDs on the LED module 202
to be directed into the bowl portion 205 of the first housing
204 and out of the light engine 200. In the illustrated embodi-
ment, the LED packages 106 extend through the aperture 224
beyond the cavity surface 223. In a preferred embodiment,
bolts 236 extend through the first housing flange 226 to
engage the trim 210 and secure it in place against the first
housing flange 226.

With continued reference to FIGS. 5 and 6, the second
housing 206 fits generally behind the first housing 204, and
preferably is aligned therewith. Preferably the LED module
202 is sandwiched between the first and second housings 204,
206. In the illustrated embodiment bolts 234 extend through
the front wall 209 of the second housing 206, through the
LED module 202, and engage the first housing 204 so as to
hold the first 204 and second housings 206 together with the
LED module 202 sandwiched therebetween. Preferably sub-
stantial compression is exerted on the LED module 202, so
that the copper contacts fit tightly against housing surfaces,
thus providing more efficient and effective heat transfer junc-
tion between the module and the housings. Applicants have
also noted that such pressure can make the vias operate more
efficiently to transfer heat between the faces of the LED
module.

A compartment 228 is formed in the second housing 206,
and, preferably, a power conditioner 216 is disposed in the
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compartment 228. The power conditioner 216 conditions
power into a form palatable for LEDs. For example, in one
embodiment the power conditioner 216 receives 120 VAC
wall power and converts it into a DC current of 9V, 10V, 12V
orthelike, as necessary for the LEDs on the LED module. The
power conditioner can also be configured to perform other
functions with regard to power delivery, such as varying cur-
rent or voltage to affect LED brightness. Preferably wires
from the power conditioner extend through apertures in the
front wall 209 of the second housing 206 and further through
apertures in the LED module 202 to connect to contact pads
on the LED module 202 so as to supply power to the circuit
defined on the module.

A plate 212 preferably encloses the compartment 228 of
the second housing 206. Preferably an o-ring 214 is provided
about the circumference of the compartment opening so that
the compartment 228 is substantially sealed from the envi-
ronment when the plate 212 is secured to the second housing
206 using bolts 232 or a similar fastener. Preferably a water-
tight pathway is provided for outside power to be supplied to
the power conditioner 216 in the compartment 228.

In assembly, preferably a tape such as a VHB tape is
applied to the second side of the LED module 202, and the
module 202 is adhered to the front wall 209 of the second
housing 206. This ensures maintenance of a desired align-
ment of the LED module 202 to facilitate assembly, and also
provides an electrically insulative layer preventing a short
between contacts on the module 202 in embodiments where
the second housing 206 is formed from metal. In some
embodiments a thin dielectric gasket or tape is disposed
between the cavity wall first housing and the front side of the
LED module, also to electrically isolate the module contacts
from the first housing. Preferably the dielectric is chosen to
have low resistance to heat flowing therethrough so as to
facilitate a heat pathway from the front plates to the first
housing.

During manufacture of a circuit board, the copper surfaces
of the leads, plates, and the like typically is “tinned,” which
involves depositing a thin layer of solder on top of the copper.
This thin layer of solder covers the copper layer, and prevents
formation of an oxide on the copper layer, which oxide forms
naturally upon exposure of the copper to the environment.

In one embodiment, when “tinning” a two-sided PCB, such
as the circuit board of the LED module described above, both
the first and second sides are “tinned,” even though the circuit
components are mounted only on the first side. Thus, a thin
layer of solder is applied to the copper layers on both the first
and second sides. In some embodiments, a masking layer is
applied on top of or instead of one or more of the tinning
layers. The masking layer preferably serves a purpose of
protecting the circuit board and giving it a finished look.

Another embodiment is depicted in FIG. 7, which is a
sectional view of a circuit board 202a having structure similar
to that of FIG. 1, taken at and adjacent contact pads and
through vias 258. During manufacture of the illustrated two-
sided PCB 202a only the copper layer of the first side 54a is
tinned. The copper layer on the second side 82a is thus pur-
posefully allowed to form the oxide layer 266 that naturally
forms upon exposing the copper to the environment. Thus, as
shown, the circuit board 248 comprises a non-conductive
body 250, such as FR4, having a front plate 260 and a back
plate 262. Conductive vias 258 extend through the body por-
tion 250 to connect the front and back plates 260, 262 so that
heat flows freely therebetween. A tinning layer 268, compris-
ing a thin layer of solder, is deposited on the front plate 260
and a lead 270, and a masking material 264 preferably is
disposed over the entire front side of the circuit board 202a
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except for first 254, second 256, and slug solder pads 252
defined on the front plate 260 and lead 270.

The back face of the circuit board 250 has copper back
plates 262, and a thin layer of naturally-occurring oxide layer
266 is allowed to form on the back plates 262. In another
embodiment, a mask layer may be disposed over the oxide
layer 266.

The oxide that is allowed to form on the second side is
difficult to remove, and would remain in place even if there
were subsequent soldering. Solder does not stick particularly
well to the oxide; thus, later-soldered-on components would
not stick particularly well. On the other hand, the oxide layer
does not form on the solder pads on the tinned first side. Thus,
when electrical components are soldered into place on the
solder pads, the solder process works well and the newly
applied solder and components stick together very well,
enabling a secure soldered connection of the electrical com-
ponent to the associated solder pad on the circuit board.

Preferably, as discussed above, electrical components are
soldered only onto the first side, and the second side of the
circuit board is mounted flush with a heat sink or other high-
heat-transfer material so that heat from the electrical compo-
nents is directed from the first side of the PCB through the
vias to the second side and then to the heat sink.

By purposefully not “tinning” the copper plates on its
second side, the illustrated circuit board avoids the deposition
of a layer of solder, which is not a good heat conductor. The
naturally-occurring oxide layer is extremely thin, and thus
heat transfer from the non-tinned second-side copper plates to
the environment encounters significantly less resistance than
if the second-side copper plates were tinned. As such, tinning
only the first, component bearing side of the PCB improves
the heat transfer properties of the module.

In still another embodiment, only a portion of the copper
traces, even on a component-mounting side of a PCB, are
tinned. For example, the solder layer for tinning is only
applied to solder pads and the rest of the plates and traces are
allowed to grow the oxide.

With reference next to FIG. 8, another embodiment of an
LED lighting module is illustrated. This embodiment is also
configured to be used in certain embodiments of LED-based
luminaires and LED-based light engines. In some embodi-
ments, heat transfer pathways are established to draw heat
generated by heat-generating components of the module
away from other module components that could be damaged
by such heat.

The embodiment depicted in FIGS. 8 and 9 comprises an
LED lighting module 300 that is adapted to provide light for
an LED-based luminaire. The LED module 300 comprises a
printed circuit board 302 upon which LEDs and associated
power delivery and control circuitry is placed. Preferably, the
circuit board 302 comprises a body formed of a dielectric
material, such as conventional FR4 material. Such material is
not electrically conductive, thus electrical circuit traces, con-
tact pads and the like can be placed directly on the circuit
board body and be electrically insulated relative to one
another. In a preferred embodiment, the material from which
the circuit board body 302 is made has low heat conductance
properties, and can be considered heat insulative.

The illustrated circuit board body has a first, or front, side
and a second, or back, side. Preferably the first side has areas
of conductive material disposed thereon. More particularly, a
plurality of conductive circuit traces 318, 328, 330, 340 are
formed on the first side, and communicate selectively with
several conductive contact pads 316, 332, 334 and plates 308,
also formed on the first side. The contact pads 316, 332, 334,
or solder pads, are configured to enable and support mounting
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of certain electrical componentry on the circuit board in a
conventional manner in which connectors of the componen-
try are soldered to the contact pads. The circuit traces, pads
and plates 308 preferably are formed of a layer of an electri-
cally conductive material such as copper or other metals that
have been etched, printed, or otherwise provided on the front
side of the dielectric circuit board body.

The illustrated circuit board 302 is generally circular and
has a circumferential outer portion 306, or second portion,
and an inner portion 304, or first portion, surrounded by the
outer portion 306. In the inner portion 304, first and second
apertures 320, 324 are formed through the body 300 to pro-
vide an access for first and second power wires. A conductive
power supply contact pad 322, 326 is provided at and around
each power aperture 320, 324 so that a respective power wire
extending through the aperture can be soldered or otherwise
connected to the circuit board. As shown, the inner portion
304 of the circuit board 302 comprises several thin circuit
traces 318 configured to communicate electrical power from
the power-supply contact pads 322, 326 to several component
contact pads 316, which provide solder pads for selected
electrical components 319 such as, for example, controllers,
integrated circuits, jumpers, power conditioners, dimmers, or
the like. The circuit traces 318 eftectively communicate elec-
trical energy. However, due to their thin and narrow construc-
tion, they do not communicate much heat very effectively. A
masking material may be provided over the traces 318, and a
solder mask may be provided on the solder pads 316.

Continuing with reference to FIG. 8, the outer portion 306
comprises first, second and third relatively large plates 308a-c
disposed about the circumference of the circuit board 302.
Each plate 308 preferably comprises a relatively large deposit
of'conductive material. Itis to be understood that any material
having high heat conductivity properties can be used for the
plate. In the illustrated embodiment, the plates 308 are made
of the same copper layer as the rest of the circuit traces and
pads, and are etched or otherwise deposited at the same time
as the rest of the circuitry.

Each of the plates 308 includes first and second inwardly-
extending portions 314. An LED package mounting pad
arrangement (LED mount) 338 is provided on and adjacent
each inwardly-extending portion. Each LED mount 338 com-
prises a first LED connector pad 332 adjacent the associated
inwardly-extending portion but not electrically connected
thereto, a second connector pad 334 defined on the inwardly-
extending portion, and a slug pad 336 also defined on the
inwardly-extending portion.

Continuing with reference to FIGS. 8 and 9, and also FIG.
4, and preferably consistent with embodiments discussed
above, when properly installed, for each LED mount the first
connector 124 of an associated LED package 106 connects to
the first connector pad 332 of'the circuit board body 302, the
second connector 126 of the associated LED package 106
connects to the second connector pad 334 of the circuit board
body 302, and the slug 128 of the associated LED package
106 engages the slug pad 336 of the circuit board body 302.
As such, electric current is provided from the first connector
124 through the body 122 and out the second connector 126,
and heat from the slug 128 is communicated into the slug pad
336 and further to the corresponding plate 308.

First and second LED mounts 3384, 3385 are associated
with the first plate 308a. As discussed above, circuitry dis-
posed in the inner portion 304 of the circuit board is directed
to conditioning the power for delivery to LEDs 106. A power
supply trace 328 extends from the circuitry in the inner por-
tion 304 and is split into first and second power traces 330a,
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3305, which each lead to a respective first connecting pad
332a, 33256 of each of the first and second LED mounts 3384,
3385.

With particular reference to FIG. 9, a schematic represen-
tation of the circuit 350 of FIG. 8 is provided. As shown, the
power trace extends from the control circuitry in the inner
portion 304 to LEDs in the outer portion 306. More specifi-
cally, since the second connector pads 334a, 3345 of the first
and second LED mounts 3384, 3385 both communicate with
the first plate 308a, first and second LEDs 1064, 1065 which
are mounted on the first and second LED mounts 3384, 3385,
respectively, are disposed in electrical parallel relative to one
another.

Continuing with reference to FIGS. 8 and 9, a third power
trace 330c¢ extends from the inwardly-extending portion of
the first plate 308a to a first connector pad 332¢ of the third
LED mount 338¢. Also, a fourth power trace 3304 extends
from the first connector pad 332c¢ of the third LED mount
338c¢ to the first connector pad 3324 of the fourth LED mount
338d. As with the first and second LED mounts 338a, 3385,
the second connector pads 334c¢, d of both the third and fourth
LED mounts 338¢, 338d are part of the second plate 3085. As
such, when third and fourth LEDs 106¢, 1064 are connected
to the third and fourth LED mounts 338¢, 3384, respectively,
they are electrically parallel relative to one another as shown
in FIG. 9. However, as also illustrated in FIG. 9, the parallel
third and fourth LEDs are electrically in series relative to the
first and second LEDs.

Fifth and sixth LED mounts 338¢, 3381 are disposed at and
adjacent a third mount plate 308¢. A fifth power trace 330¢
extends from the second mount plate 3084 to a first connector
pad 332¢ of'the fitth LED mount 338¢, and a sixth power trace
330f extends from the first connector pad 332e of the fifth
LED mount 338e to the first connector pad 332/ of the sixth
LED mount 338/ The second connector pads 334e, 334f of
the fifth and sixth LED mounts 338¢, 338/ are contiguous
with the third plate 308¢ as shown in FIG. 8. As such, fifth and
sixth LEDs 106¢, 106/ are attached to the fifth and sixth LED
mounts 338e, 338/, respectively, will be electrically in paral-
lel with one another, but electrically in series with the parallel
third and fourth LEDs 106¢, 1064.

A return power trace 340 extends from the second pad 334/
of'the sixth LED mount 338/, which is electrically contiguous
with the third plate 308c, back to the circuitry in the inner
portion 304 of'the circuit board. In summary, in the illustrated
embodiment, electric power is provided to the inner portion,
which includes circuitry and componentry to condition, dim
or otherwise treat such electric power. The treated power is
then communicated to the outer portion, in which LEDs con-
vert the power into light and heat.

As discussed above, the body of the circuit board prefer-
ably is made of a non-heat-conductive material. Further, in
the illustrated embodiment there is no conductive layer on the
opposite or back face of the circuit board. Thus, heat that is
created by each LED 1064a-f'is communicated through the
corresponding slug to one of the first, second, and third plates
308a-c that are disposed in the outer portion 306 of the front
face ofthe circuit board 302. Due to their relatively-large size,
the plates are amenable to accepting such heat, and heat flows
readily into the plates. A relatively small portion of heat from
the LED die is communicated to the first and second connec-
tors 124, 126 of the LED package 106. The heat that goes to
the second connector 126 of the LED package 106 is also
communicated to the associated plate 308. However, the first
connector 124 is attached to a very narrow circuit trace 318.
Although this circuit trace 318 will conduct some heat, its
narrow construction and relatively-long length severely lim-
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its the amount of heat that it can conduct. The same is true for
the power delivery trace 328 and the power return trace 340.

Due to this construction, substantially all of the heat gen-
erated by the LEDs is communicated to the relatively-large
plates, which function as heat sinks. At the very least, each
plate functions as a heat spreader to distribute the heat across
a relatively large surface area for more efficient dispersion to
the environment or an appropriate mount portion.

As just discussed, the power supply trace 328 and power
return trace 340 preferably are sufficiently long and thin that
they do not communicate a substantial amount of heat from
the LEDs to the circuitry and componentry in the inner por-
tion 304. Also, as discussed above, the componentry in the
inner portion 304 of'the circuitboard 302 is mounted on a heat
insulating material. Thus, the inner portion 304 is, in effect, a
heat insulated zone, while the outer portion 306 is a heat
management zone in which heat is generated and managed. In
fact, since the heat from the LEDs is disposed on inwardly-
extending portions 314 of each respective plate, and heat
flows from LEDs to the respective inwardly-extending por-
tions and then out to the rest of the plate, a heat pathway is
defined from the LEDs outwardly toward the outer circum-
ference of the circuit board and away from the inner portion
304, or insulated zone. As such, the componentry in the inner
or insulated zone 304 is insulated from the heat generated by
the LEDs.

With reference next to FIGS. 10-12, an embodiment of a
light fixture 400 employing, in one embodiment, the LED
module 300 of FIGS. 8 and 9 is illustrated. In this embodi-
ment, the LED fixture 400 comprises a housing 404 made of
a heat conductive material, such as aluminum, and having
structure for efficiently transferring heat to the environment.
For example, in the illustrated embodiment, the housing 404
comprises fins 406. The illustrated housing 404 has a cavity
414 sized and adapted to accommodate the LED module 300.
The cavity 414 is defined by an engagement surface 420 and
acircumferential wall 428. An aperture 416 is formed through
the housing 404 and extending through the engagement sur-
face.

The cavity 414 is configured so that the LED module 300
fits therein with the outer plates 308 of the front face of the
circuit board 302 engaged with the engagement surface 420
and the LEDs aligned with the aperture 416. Preferably, an
electrically-insulative material 417 is disposed between the
engagement surface 420 and the plates 308. Preferably, such
material is comparatively thin and most preferably has good
heat conductance properties so that heat from the plates will
readily flow through the layer and into the housing 404
through the engagement surface 420, but the plates 308 will
be electrically insulated from the housing 404. In the illus-
trated embodiment, the inner portion, or insulated zone 304,
of the circuit board 302 does not contact the housing 404.
Thus, heat from the LEDs 106 that is communicated to the
plates 308 and further to the housing 404 is not communicated
to the inner portion 304. Most specifically, a heat pathway is
established from the LEDs 106 away from the inner portion
304 to the plates 308, and further to the housing 404 for
dispersal to the environment.

In the illustrated embodiment, the aperture 416 in the hous-
ing 404 preferably leads to a bowl-shaped portion 438
adapted to direct light in desired direction. The housing has a
flange 418. A trim piece 410 preferably has a complementary
flange 422 and a further light-directing bowl 423. The hous-
ing and trim piece flanges 418, 422 are preferably engaged so
as to attach the housing 404 to the trim piece 410, thus
constructing an attractive and effective luminaire. Preferably
the trim piece is constructed of a heat-conductive material,
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and tightly engages the housing so as to further assist in heat
dispersal to the environment. Mounts 412 may be provided
for mounting the luminaire as desired.

In the illustrated embodiment, a lens 408 is provided in a
space between the housing 404 and the trim piece 410. Fas-
teners 424 such as bolts preferably attach the trim flange to the
housing flange. Bolts 425 can also be employed to attach the
circuit board body 302 to the housing 404. In other embodi-
ments, the circuit board 302 may be attached by an adhesive.
Preferably, such an adhesive would be electronically noncon-
ductive, but would allow heat to flow from the circuit board
302 to the housing 404.

In the illustrated embodiment, and as best shown in FIG.
12, the plates 308 on the front side of the circuit board 302
thermally engage the engagement surface 420 of the housing
404. Thus, heat from the LEDs is directed away from the
insulated zone 304 of the circuit board 302 and to the plates
308 and further from the plates into the housing 404, which
absorbs thermal energy like a heat sink and also disperses heat
to the surrounding environment. Notably, in this embodiment
heat is never transferred from the front face to the back face of
the circuit board 302 and, in fact, the illustrated circuit board
embodiment is made of a material that is heat isolative so as
to prevent or substantially resist such heat transfer.

In another embodiment, the housing is configured to
include a trim portion integrally formed therewith. The hous-
ing and its associated trim portion can be configured into
various shapes and sizes, and may or may not include a cavity
for mounting the LED module.

In each of the above-discussed embodiments, the circuit
board is circular, as is the housing cavity, which preferably is
specially configured to accommodate the circuit board. It is to
be understood that, in other embodiments, circuit boards hav-
ing various shapes and sizes may be employed as desired,
while still practicing inventive principles as disclosed herein.

With reference next to FIG. 13, another embodiment of an
LED module 470 having a circuit board 340 with opposing
first and second faces 452, 454 and having a configuration on
its first face 452 having a heat insulated inner zone 462 and a
heat-generating and communicating outer zone 464 as in the
LED module 300 discussed above. However, this embodi-
ment further provides one or more heat conducting plates 458
on the second side 454 of the circuit board 450, but spaced
from and not overlapping the first side plates 456. Instead, the
second side plates 458 are opposite to and generally corre-
spond to the first or insulated zone 462 of the circuit board
450. In one embodiment, certain components in the first zone
462 on the first side 452 of the circuit board 450 may generate
heat. In the illustrated embodiment, conductive vias 460
extend from conductive pads 466 corresponding to such heat-
generating components through the circuit board body 450 to
the plates 458 on the second side 454 of the board 450.

Since there is no substantial heat pathway between the
plates 456 on the first side of the board 452, which are asso-
ciated with the LED heat, and the plates on the second side of
the board 454, which are associated with the first zone heat
462, the heat from a second or heat management zone 464 and
the heat from the first zone 462 is managed separately, along
generally independent heat pathways. This is particularly
beneficial when the heat generated in the second zone 464
(such as by the LEDs) is substantially greater than the heat
generated by componentry in the first zone 462, because
managing such heat-generating components in common
could result in componentry of the first zone 462 being
exposed to greater temperatures because of common heat
management with the LEDs. In another embodiment, a sepa-
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rate heat management system for the insulated zone may be
used even if the componentry does not generate substantial
heat on its own.

In the illustrated embodiment, there is substantially no
overlap between the plates 456 on the first side 452 of the
circuit board 450 and the plates 458 on the second side 454 of
the circuit board 450. In other embodiments, there may be
overlap, but the opposing plates are still insulated relative to
one another by the heat-insulative thickness of the circuit
board.

FIG. 14 illustrates an embodiment of a luminaire 480 con-
figured for use, in one embodiment, with the circuit LED
module 470 of FIG. 13. As can be seen, FIGS. 14 and 15
employ a firsthousing 484, having a cavity 485 into which the
LED module 470 is placed. A second housing 486 is mounted
onto the back of the LED module 470. Preferably, the second
housing 486 engages the second side plates 458 so that heat
from the first zone 462 flows to the back plates and further
flows to the second housing 486. Preferably, the second hous-
ing 486 is made of a heat conductive material such as alumi-
num and includes heat transfer structure such as fins 496 in
order to efficiently transfer heat to the environment. As in the
embodiment discussed above in connection with FIGS. 8-12,
the first side of the circuit board is mounted on and commu-
nicates heat to the first housing 484.

Preferably, and as shown in FIG. 14, there is a space 492
between the first and second housings 484, 486 so that they do
not contact one another, and thus do not communicate directly
with one another. More specifically, heat received by the first
housing 484 from the LEDs is not directly communicated
from the first housing 484 to the second housing 486, and vice
versa. Instead, heat from components in the first zone 462 is
communicated along a heat pathway through the vias 460 to
the second side plate(s) 458, and further to the second housing
486, which absorbs heat as a heat sink and also disperses such
heat in the environment. As such, heat transfer systems for the
second zone 464 and the first zone 462, which are on the same
circuit board 450 but substantially insulated relative one
another, are managed separately, and without intersecting
heat pathways between the heat-generating components and
the environment.

FIGS. 14 and 15 additionally contemplate provision of a
power driver 494, which can condition power prior to that
power being supplied to the LED module 470. In the illus-
trated embodiment, the power driver 494 is mounted on or in
the second housing 486, so that the second housing addition-
ally provides heat evacuation from the power driver 494. It is
to be understood that other embodiments may not provide
such a power driver 494 that shares heat transfer management
with the inner portion, or any other portion of the LED mod-
ule 470. Additionally, in the illustrated embodiment the first
and second housings 484, 486 are connected by bolts 495 that
extend through the circuit board. It is to be understood that
inserts may be provided for insulating such screws from the
circuit board, and/or such bolts can comprise nonelectrically-
conductive fasteners.

With reference next to FIG. 16, another embodiment of an
LED module 510 has a circuit board body 520 with a first side
522 having first, second and third plates 526 configured simi-
lar to the first, second and third plates 308 of the LED module
300 discussed above, and has a first zone 532 and a second
zone 534 that are thermally insulated relative to one another.
Plates 528 disposed on a second side 524 of the circuit board
body 520 generally correspond to the first, second, and third
plates 526 of the first side 522. Conductive vias 530 are
provided through the circuit board 520 so as to conduct heat
from the plates 526 on the first side 522 to the corresponding
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plates 528 on the second side 524 of the circuit board 520.
This effectively increases the heat transfer area of the plates
and can be effective for increasing the heat transfer ability of
the circuit board’s heat zone.

In the illustrated embodiment, preferably no heat conduc-
tive plate is disposed opposite or overlapping the first or
insulated zone 532 of'the circuit board 520. This in addition to
the heat-insulative character of the circuit board material
itself, helps assure that the first zone 532 is insulated from
heat generated by the LEDs and communicated to the second
or heat management zone 534 of the board. In another
embodiment, the back plates may overlap portions of the
insulated zone. However, the heat-insulative circuit board
material is still disposed between the plates and the insulated
zone.

The embodiments of FIGS. 13-15 were just discussed in
connection with an LED module 470 having front plates and
back plates that each evacuate heat from different compo-
nents and which do not substantially overlap or conduct heat
between each other. In other embodiments, housings such as
that of FIGS. 14 and 15 can be employed withan LED module
510 as depicted in FIG. 16, in which heat from the outer,
second zone 534 is evacuated simultaneously from both faces
522, 524 of the circuit board 520. In such embodiments, the
first and second housings 484, 486 may or may not be con-
figured to directly contact one another as desired.

With reference next to FIG. 17, another embodiment of a
luminaire 540 configured foruse with the LED module 510 of
FIG. 16 is shown in cross-section. As can be seen, the lumi-
naire 540 employs a first housing 544 and a second housing
546 between which the circuit board 520 is sandwiched. The
second housing 546 has a front wall 547 having an aperture
560 formed therethrough. Preferably, the front wall 547 ofthe
second housing 546 engages the second side plates 528 so that
heat from the heat management zone 534 flows from the back
plates 528 to the second housing 546. As in the embodiment
of FIGS. 14-15, heat from the front plates 526 flows into the
first housing 544.

In the illustrated embodiment, a power driver 554 extends
through the aperture 560 in the second housing 546 and
directly engages the circuit board 520. Though mounted to
the same circuit board 520 on which the LEDs are mounted,
preferably the power driver 554 communicates initially with
componentry in the first, or insulated zone 532, and is thus
insulated from heat generated by the LEDs. Since the power
driver 554 also does not contact either housing 544, 546, it is
isolated from the heat path from the LEDs to the housings
544, 546.

With reference next to FIG. 18, another embodiment of an
LED module 602 is illustrated. In the illustrated embodiment
the LED module 602 has a circuit board body 580 that is
generally square. Though not specifically shown in FIG. 18,
the circuit board 580 preferably has conventionally config-
ured circuit traces and componentry necessary to power a
series of LEDs 106. The circuit board 580 has a generally
circular first zone 590 that contains the circuit traces and
LEDs. A second zone 592 extends from the edges of the
circuit board 580 to the first zone 590. In other embodiments,
the first zone can have other geometric shapes, such as oval or
square, as desired.

In one embodiment, the circuit board body 580 is a heat-
conductive material such as aluminum. In the first zone, a thin
dielectric layer is disposed on a first, or front, face of the
aluminum body 580, and a circuit comprising a plurality of
conductive traces, such as copper traces, contact pads, plates
and the like is defined on the dielectric layer so as to be
electrically insulated from the conductive aluminum body
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580. A plurality of LEDs 106 is mounted on the conductive
traces so as to complete a circuit.

A pair of apertures 591 is formed through the body 580 in
the first zone 590. Preferably a conductive contact pad 593
surrounds each aperture 591, and a circuit through the LEDs
106 is defined between the pads 593 so that power provided
across the pads 593 supplies power to the LEDs 106.

Asthe body 580 in this embodiment is aluminum, it readily
accepts heat flowing from the LEDs 106 to associated traces,
through the dielectric layer and to the body 580, which can
function as a heat sink. Preferably the dielectric layer is
configured to electrically insulate the traces, but facilitates
heat flow therethrough. Also, preferably the second zone 592
of the first face and a second, or back, face of the body are
configured to facilitate heat transfer to the environment or one
or more adjacent heat sinks. Most preferably, the second zone
and the second face are substantially uncoated, bare alumi-
num so as to minimize resistance to heat transfer to an
engaged surface. In other embodiments a thin thermal pad
such as a silicone gasket can facilitate adhesion between
surface and/or can enhance surface contact for rough-sur-
faced metal surfaces.

FIGS. 19-21 show views of a light engine 600 using the
LED module 602. The light engine 600 comprises a first
housing 604, a second housing 606, an LED module 602, and
a power conditioner 614. The illustrated light engine 600 is
configured to use the LED module 602 described above in
FIG. 18. Preferably both the first and second housings 604,
606 are formed of a heat-conductive material, such as alumi-
num. As such, both housings can function as heat sinks. Both
illustrated housings 604, 606 comprise fins 616 to help trans-
fer heat to the environment. It is to be understood that other
structures that facilitate heat transfer may be employed in
addition to or instead of fins.

The first housing 604 comprises a flange 630, or circular
rim, adapted to complement and engage a decorative trim,
which may be similar to the trim illustrated in FIG. 8. In some
embodiments a lens may be arranged between the first hous-
ing 604 and the trim. An aperture 628 is formed longitudinally
through a back face 629 of the first housing 604 and provides
access so that light from the LEDs on the LED module 602
will be directed into a bowl portion 642 and out of the light
engine 600. Preferably, the first zone 590 and aperture 628 are
sized so that the first zone 590 fits fully within the aperture
628, and no part of the first zone 590 contacts the front
housing 604.

A compartment 634 is formed in the second housing 606
having a front wall 636 and a circumferential wall 637. A
plurality of spaced-apart longitudinal slots 608 are formed
through the wall 637 between successive fins 616 about the
circumference of the compartment 634. A plurality of aper-
tures (not pictured) extends through the front wall 636. A
cavity 638 is also formed on the front wall 636 of the second
housing 606. The cavity 638 is defined by a cavity surface and
a surrounding circumferential cavity wall. The cavity wall
preferably is sized to accommodate at least a portion of the
thickness of the LED module 602.

The second housing 606 fits generally behind the first
housing 604 and, preferably, is aligned therewith. The LED
module 602 thus is sandwiched between the back face 629 of
the first housing 604 and the front wall 636 of the second
housing 606. Preferably substantial compression is exerted
on the LED module 602, so that conductive faces of the
module 602 fit tightly against the housing surfaces 629, 636,
thus providing a more efficient and effective heat transfer
junction between the module 602 and the housings 604, 606.
It should also be noted that because the LED module 602 is
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formed from a conductive material, no adhesive is necessary
to engage the LED module 602 with the first and second
housings 604, 606, and preferably no dielectric layer is dis-
posed on either the second zone 592 of the body 580 front face
or on the second face of the body. As such, when the module
602 is sandwiched between the housings 604, 606, the alu-
minum body 580 makes metal-to-metal contact with oppos-
ing housing surfaces 629, 636.

Preferably, a power conditioner 614 is disposed in the
compartment 634 in the second housing 606. The power
conditioner 614 comprises componentry 615 that conditions
input power into a form palatable for LEDs and supplies the
power across power nodes 617. For example, in one embodi-
ment the power conditioner receives 120 VAC wall power and
transfers it into a DC current of 9V, 10V, 12V or the like, as
necessary for the LEDs on the LED module. The power
conditioner can also be configured to perform other functions
with regard to power delivery, such as varying current or
voltage to affect LED brightness.

In the illustrated embodiment, the power conditioner 614
does not have its own separate enclosure; rather, the compo-
nents 615 are mounted on a circuit board 613. The circuit
board 613 employs spacers 646 that electrically isolate the
board from the second housing 606, thereby preventing a
short from occurring between the power conditioner 614 and
the second housing 606. Preferably, the spacers 646 are
formed from a material that is not substantially heat conduc-
tive, and thus also thermally isolate the board 613 from the
second housing 606. Preferably the board 613 fits within the
compartment 634 so that it does not contact the wall 637.

Preferably, conductive bolts 622 extend through the aper-
tures 591 in the LED module 602 and through apertures in the
wall 636 ofthe second housing 606 to engage the power nodes
617 on the power conditioner 614. Preferably the heads of the
bolts 622 engaged the contact pads 593, so as to supply power
from the nodes 617 to the circuit on the LED module 602. A
bolt guide 619 preferably accommodates the shanks of the
bolts 622 through the space between the module 602 and the
power conditioner 614 so as to electrically insulate the bolts
from the housing. The mechanical and electrical configura-
tion and interaction between the bolts and the module pref-
erably shares similarities with the embodiments disclosed in
copending U.S. application Ser. No. 11/434,663, filed May
15, 2006, which is owned by the assignee of the present
application, and which is incorporated by reference in its
entirety, particularly the disclosure relating to metal-core
LED modules and supply of power from a power driver to
LED modules by way of fasteners.

With continued reference to FIG. 18-21, a plate 612 pref-
erably encloses the compartment 634 of the second housing
606. The compartment 634 is ventilated by the longitudinal
slots 608, which facilitate heat transfer between the power
conditioner 614 and the environment. In some embodiments,
the second housing 606 may be substantially sealed from the
environment.

FIG. 22 illustrates another embodiment of an LED module
660. In the illustrated embodiment, the module 660 maintains
substantially the same layout and componentry, which
includes the same leads, pads, traces, plates, and electrical
layout, as the LED module 202 discussed above in connection
with FIG. 1. However, the shape of the module 660 illustrated
in FIG. 22 is square or rectangular. As such, the plates 662 are
elongated in order to extend to the edge of the circuit board. In
another embodiment, the square-shaped LED module 660
may be used with the light engine 600 in place of LED module
602.
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With reference again to FIGS. 1-3 in a preferred embodi-
ment, the LED packages 106 are soldered into place on cor-
responding LED mounts 70. More particularly, during manu-
facture of the LED module 202 in accordance with a preferred
embodiment, the LEDs 106 are put in place by a conventional
“pick and place” machine which, as the name implies, picks
up LED packages from a source and robotically places them
at their appropriate positions on the LED mount 70. During
the manufacturing process, the entire board preferably is
drawn through an oven, which is kept at a temperature at
which solder on the contact pads 64, 72, 74 melts sufficient
that the LED packages 106 are soldered into place. Prefer-
ably, the oven temperature is tightly controlled during solder-
ing so as to not exceed a temperature that could damage any
components that are to be placed on the board 52, such as the
dies of the LED:s. In other embodiments, other types of elec-
trical components, such as EEPROM chips used to control
certain power delivery functions, electrical jumpers, or other
components for conditioning or delivering power, may also
be placed by a “pick and place” machine and soldered into
place by being drawn through an oven.

Although certain componentry such as LEDs and inte-
grated circuit chips are typically placed and soldered onto
circuit boards through the “pick and place” machine and oven
soldering procedure discussed above, typically such circuit
boards are attached to power delivery wires after the LED
module has been initially manufactured. For example, power
delivery wires may not be soldered into place until an LED
module 202 is place on a housing 102.

In some embodiments employing thermally managed con-
figurations, it can be difficult to heat a contact pad sufficient to
melt the solder so as to attach a power wire or the like because
heat is evacuated from the contact pad faster than it can be
added by a soldering iron. Also, in some instances, heat from
soldering may be communicated to components mounted
onto the circuit board. As such, soldering a component such as
a wire to the circuit board outside of an oven can be difficult,
time-consuming, and may require expensive materials and/or
specialized, complex procedures.

Hand-soldering presents issues not encountered in the
oven soldering process. During the oven soldering process,
heat transfer away from the solder contact pads is not a
problem because the entire circuit board is heated to the same
temperature, and thus there is no substantial heat transfer
between pads and plates.

In a preferred embodiment, a power contact pad or other
pad to which a component is soldered is disposed on a plate or
contact that has only limited heat transfer opportunity or
ability. For example, with continued reference to FIGS. 1 and
3, the first plate 68a generally surrounds the power input
contact pad 58 but does not electrically or thermally commu-
nicate therewith. Instead, the power input contact pad 58
communicates only with the first lead 76a and associated first
connector pad 72a. In fact, the power input contact pad 58 is
insulated, electrically and thermally, relative to the first front
plate 68a. Thus, in this embodiment, heat applied by a sol-
dering iron when hand-soldering (or otherwise soldering after
the oven-soldering process) a wire to the power input contact
pad is mostly retained on the insulated power input trace 76a.
Heat accumulates quickly to melt the solder, and thus solder-
ing can be completed quickly in a normal fashion.

With reference next to FIGS. 23-27, another embodiment
of'an LED module is illustrated. The illustrated embodiment
comprises an LED module 700 made up of a printed circuit
board 702 upon which a pair of LEDs may be arranged
electrically in series. The circuit board 702 comprises a con-
ventional core, such as FR4, having a first face 744 and an
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opposite second face 745. A first power supply plate 710 is
disposed on the first face 744 adjacent one corner. A first
power supply contact pad 732 and a first component contact
pad 734 are defined on the first power plate 710 with the first
component pad 734 disposed adjacent the first power contact
pad 732 and adjacent an edge of the first power supply plate
710. Similarly, a second power supply plate 712 is disposed
on the front face 744 adjacent an opposite corner of the circuit
board 702. A second power supply contact pad 738 is dis-
posed on the second power plate 712, and a second compo-
nent contact pad 742 is disposed on the power supply plate
adjacent the second power contact.

Continuing with reference specifically to FIGS. 23-27, a
transition plate 714 and first and second LED plates 706, 708
are also disposed on the front side 744 of the circuit board
body 702. In the illustrated embodiment, the transition plate
714 comprises a component contact pad 736 arranged gener-
ally opposite the first component pad 734 on the first power
plate 710. The transition plate 714 also includes a first con-
nector pad 718 of a first LED mount 716. A slug pad 722 and
a second connector pad 720 of the first LED mount 716 are
disposed on the first LED plate 706. The first LED plate 706
also includes a first connector pad 726 of a second LED
mount 724. The second LED plate 708 comprises a slug pad
730 and a second connector pad 728 of the second LED
mount 724. A component pad 740 is disposed on the second
LED plate 708 so as to be opposite the second component pad
742 on the second power supply plate 712.

With additional reference to FIG. 24, the second face 745
of the circuit board 702 has first and second back plates 746,
748 formed thereon. The first back plate 746 generally cor-
responds to the first LED plate 706 and also the area generally
opposite the first power plate 710 and the transition plate 714.
The second back plate 748 generally corresponds to the sec-
ond LED plate 708 and the area opposite the second power
supply plate 712.

With particular reference to FIG. 27, in the illustrated
embodiment, power supply wires 749a, 7496 are soldered
onto the first and second power contact pads 732, 738. Also,
a jumper 752a is mounted to extend between the component
pads of the first power plate 710 and transition plate 714.
Another jumper 7525 is mounted to extend between the com-
ponent plates of the second power plate 712 and second LED
plate 708. Such jumpers preferably perform no power condi-
tioning function, nor do they communicate heat effectively.
However, they readily communicate electric power between
adjacent plates.

A first LED package 756 is mounted on the first LED
mount 716 so as to extend electrically between the first con-
nector pad 718 on the transition plate 714 and the second
connector pad 720 on the first LED plate 706. Similarly, a
second LED package 758 is mounted on the second LED
mount 724 so as to extend between the first connector pad 726
on the first LED plate 706 and the second connector pad 728
on the second LED plate 708. Notably, the heat slug of the
first LED package engages the slug pad 722 of the first LED
plate, and thus heat generated by the first LED package is
communicated to the first LED plate 706. Similarly, the heat
slug of the second LED package engages the slug pad 730 of
the second LED plate 708. As such, the majority of heat
generated by the second LED package is communicated to
the second LED plate. As shown in FIG. 27, the first and
second LED packages are arranged electrically in series
between the attached first and second power supply wires
749a, 7495.

With continued reference to FIGS. 23-27, preferably a
plurality of heat-conductive vias 704 extend through the non-
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heat-conductive core between the first and second LED plates
706, 708 and the first and second back plates 746, 748, respec-
tively. As such, heat generated by the first LED 756 is readily
spread across the first LED plate 706 and first back plate 746,
and heat generated by the second LED 758 is readily spread
across the second LED plate 708 and second back plate 748.
Preferably, there are no vias between any power plate and any
of the back plates. Instead, the power plates are insulated to
resist heat transfer to the other plates. In fact, in the illustrated
embodiment, the power plates are thermally insulated from
any LED or electric power-conditioning component.

In this arrangement each of the power supply plates 710,
712 is insulated relative to electrical components that could
be damaged if exposed to the heat of hand soldering. Also, the
power supply plates 710, 712 are disconnected from structure
that would evacuate heat from the plate. As such, the plates
retain heat, and wires can be hand-soldered to the power
supply contact pads on the power supply plates quickly and
easily and without subjecting any components to potential
heat damage. Preferably, and as discussed above, the electri-
cal components mounted on the LED module are installed
using a pick-and-place machine and soldering oven, but leav-
ing select contact pads such as the power supply contact pads,
to later be soldered to power supply wires.

With reference next to FIG. 28, another embodiment of an
LED module 700q is provided, having much the same struc-
ture as the LED module 700 discussed above in connection
with FIGS. 23-27. However, in this embodiment the front face
744 has only the first and second plates 706, 708. The first and
second power supply plate portions 710, 712 are part of the
first and second plates 706, 708, respectively, and are con-
nected with the main part of the respective plates 706, 708 by
relatively thin transition leads 770, 772. the transition leads
770, 772 readily conduct electricity from the power supply
plate portions 710, 712 to the remainder of the respectively
plates 706, 708. However, preferably the transition leads 770,
772 are sufficiently thin so as to slow communication of heat
from the plate portions 710, 712 so that heat applied during
soldering accumulates, facilitating soldering without trans-
ferring much heat to the remainder of the plates 706, 708.

Although this invention has been disclosed in the context of
certain preferred embodiments and examples, it will be
understood by those skilled in the art that the present inven-
tion extends beyond the specifically disclosed embodiments
to other alternative embodiments and/or uses of the invention
and obvious modifications and equivalents thereof. In addi-
tion, while a number of variations of the invention have been
shown and described in detail, other modifications, which are
within the scope of this invention, will be readily apparent to
those of skill in the art based upon this disclosure. It is also
contemplated that various combinations or subcombinations
of the specific features and aspects of the embodiments may
be made and still fall within the scope of the invention. For
example, the principles discussed in connection with FIGS.
23-28 can be employed in LED modules having configura-
tions such as the module 202 of FIG. 1 or other ones of the
modules. And LED modules of various configurations such as
the embodiments shown in FIGS. 1, 7, 8, 13, 16, 18, 22, 23
and 28, can be modified to employ features of one another as
appropriate. Such combinations can also be configured to
work with various ones of the luminaires and housings
described herein, which similarly can employ features of one
another as appropriate. Accordingly, it should be understood
that various features and aspects of the disclosed embodi-
ments can be combined with or substituted for one another in
order to form varying modes of the disclosed invention. Thus,
it is intended that the scope of the present invention herein
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disclosed should not be limited by the particular disclosed
embodiments described above, but should be determined
only by a fair reading of the claims that follow.

What is claimed is:

1. A light engine, comprising:

a light emitting diode module comprising,

a nonconductive substrate having a first side and a sec-
ond side, the first side having a first region and a
second region;

aplurality of conductive contact pads attached to the first
side of the nonconductive substrate, and being posi-
tioned in the first region,

a first plurality of thermally conductive plates attached
to the first side of the nonconductive substrate, and
being positioned in the second region,

aplurality of light emitting diodes arranged in a circuit in
the second region,

aplurality of conductive circuit traces formed on the first
side that communicate selectively with the plurality
of conductive contact pads in the first region and the
light emitting diodes in the second region, and

a plurality of electrical components disposed on the
plurality of contact pads in the first region, wherein
the plurality of electrical components is thermally
insulated from the plurality of light emitting diodes
such that thermal energy generated by the plurality of
light emitting diodes preferentially flows to the first
plurality of plates in the second region; and

a first housing formed of a thermally conductive material

and having an aperture, the light emitting diode module

mounted on the first housing so that light from the plu-
rality of light emitting diodes is directed through the
aperture;

wherein the first plurality of thermally conductive plates of

the second region engage the first housing so that heat

from the light emitting diodes is directed to the ther-
mally conductive plates and further to the first housing.

2. A light engine as in claim 1, additionally comprising:

the light emitting diode (LED) module additionally com-

prising,

a second plurality of thermally conductive plates
attached to the second side of the nonconductive sub-
strate, each of the second plurality of plates generally
corresponding to a respective one of the first plurality
of plates, and

a plurality of thermally conductive vias extending
through the substrate, wherein the plurality of vias are
configured to transfer heat between respective ones of
the first plurality of plates and the second plurality of
plates,

wherein heat generated by the plurality of LEDs is trans-
ferred to the first and second plurality of plates; and

a second housing formed of a heat-conductive material and

connected to the first housing so that the second plurality

of plates is adjacent to and thermally connected to the
second housing;

wherein the LED module is sandwiched between the first

and second housings.

3. A light engine as in claim 2, wherein one of the first and
second housings comprises a cavity adapted to accept the
LED module therewithin, the cavity having a depth that is less
than a thickness of the LED module substrate.

4. A light engine as in claim 2, wherein the first side has an
inner zone and an outer zone, and wherein the plurality of
LEDs in the second region are disposed in the inner zone, and
the outer zone engages the first housing.
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5. A light engine as in claim 2, wherein the first and second
housings are connected so as to apply compression to the
LED module mounted therebetween.

6. A light engine as in claim 5, wherein the second housing
defines a compartment, and further comprising a power con-
ditioner disposed generally within the compartment, the
power conditioner conditioning an input power so as to trans-
form the input power to an output power.

7. A light engine as in claim 6, wherein the power condi-
tioner is spaced from the second housing compartment so as
to be thermally insulated from the second housing.

8. A light engine as in claim 7, wherein the second housing
compartment is defined in part by a compartment wall, and
comprising a plurality of apertures formed through the com-
partment wall so as to provide ventilation to the compartment.

9. A light engine as in claim 8, wherein the apertures
comprise slots.

10. A light engine as in claim 1 additionally comprising a
thermally conductive plate formed on the second side of the
substrate and a conductive via extends through the substrate
to thermally connect the second side plate with at least one of
the contact pads in the first region.

11. A light engine as in claim 10 additionally comprising a
second housing formed of a thermally conductive material,
the second housing engaging the second side plate so that heat
from the first region is directed to the second side plate and
further to the second housing.

12. A light engine as in claim 11, wherein the light emitting
diode module is sandwiched between the first and second
housings, a first heat path is defined from the second region to
the first housing, and a second heat path is defined from the
first region to the second housing.

13. A light engine as in claim 1 additionally comprising a
power driver adapted to receive an input power and output a
conditioned power, wherein the power driver is attached to
the substrate so as to communicate with at least one of the
plurality of contact pads of the first region while being ther-
mally insulated from the second region.

14. A light engine as in claim 13 additionally comprising a
second housing having an aperture formed therethrough, the
second housing attached to the first housing so that the sub-
strate is sandwiched between the first and second housings,
the power driver thermally spaced from each of the first and
second housings.

15. A light engine as in claim 14 additionally comprising a
second plurality of thermally conductive plates formed on the
second side of the substrate, each of the second plurality of
plates generally corresponding to a respective one of the first
plurality of plates, and a plurality of thermally conductive
vias extending through the substrate, wherein the plurality of
vias are configured to transfer heat between respective ones of
the first plurality of plates and the second plurality of plates,
wherein the second plurality of plates are configured such that
the first region is substantially thermally insulated from the
second region, wherein the second housing engages the sec-
ond plurality of plates.

16. A light engine, comprising:

a light emitting diode (LED) module, comprising:

a thermally nonconductive substrate having a first side
and a second side, the first side having a first zone and
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a second zone, a plurality of LEDs arranged in an
LED circuit in the second zone and in thermal com-
munication with a corresponding plurality of ther-
mally conductive plates attached to the first side of the
nonconductive substrate in the second zone so that
heat generated by the LEDs is communicated from
the LEDs to the thermally conductive plates;

an electronic component attached to the LED module in
the first zone;

wherein the first zone is thermally insulated from the
second zone so that heat generated by the LEDs pref-
erentially flows into the plurality of thermally con-
ductive plates and away from the electronic compo-
nent in the first zone.

17. A light engine as in claim 16 additionally comprising a
heat sink, wherein the LED module is attached to the heat sink
so that the plurality of thermally conductive plates in the
second zone communicate heat received from the LEDs to the
heat sink.

18. A light engine as in claim 16 additionally comprising a
power delivery line extending from the electronic component
in the first zone to the LED circuit in the second zone so as to
apply power to the LED circuit.

19. A light engine as in claim 18, wherein the power deliv-
ery line is a conductive circuit trace printed on the substrate.

20. A light engine as in claim 16, wherein an aperture is
formed through the substrate in the first zone.

21. A light engine as in claim 20, wherein a power supply
wire extends through the aperture and communicates power
to the electronic component, and additionally comprising
means for communicating power from the electronic compo-
nent in the first zone to the LED circuit in the second zone so
as to apply power to the LED circuit.

22. A light engine as in claim 21, wherein the electronic
component is configured to condition power received from
the power supply wire and output conditioned power to the
means for communicating power.

23. A light engine as in claim 22, wherein the means for
communicating power comprises a conductive circuit trace
printed on the substrate.

24. A light engine as in claim 16 additionally comprising a
first heat sink and a second heat sink, the LED module
attached to the first heat sink so that a first heat pathway is
established from the first zone to the first heat sink, the LED
module attached to the second heat sink so that a second heat
pathway is established from the second zone to the second
heat sink.

25. A light engine as in claim 24, wherein the first and
second heat sinks are spaced from one another.

26. A light engine as in claim 18, wherein the electronic
component comprises a power conditioner.

27. A light engine as in claim 18, wherein an aperture is
formed through the substrate in the first zone.

28. A light engine as in claim 27, wherein a power supply
wire extends through the aperture and communicates power
to the electronic component, and wherein the electronic com-
ponent comprises a power conditioner configured to condi-
tion power received from the power supply wire and output
conditioned power to the power delivery line.
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