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OVERMOLDED LED LIGHT ASSEMBLY AND METHOD OF MANUFACTURE

BACKGROUND

The present disclosure relates generally to the design, assembly, and manufacture

of LED lamps and luminaires. In one aspect, the present disclosure relates to an improved LED

lamp or luminaire having an overmolded LED circuit board. In another aspect, the present

disclosure relates to a manufacturing method employing automation and in-mold assembly

techniques during the injection over-molding of one or more of its utilized components.

LED lighting is fast becoming the desired lighting device of choice in

commercial applications, municipal and government applications such as roadway and parking

structure lighting and retail applications such as spot lighting and directional illumination.

Compared with traditional light sources such as incandescent and fluorescent lighting devices,

they have many advantages such as lower power consumption, much longer life (e.g. 50,000

hours) and no mercury or other hazardous materials in them.

Consumer household replacement lighting is an area in which LEDs are desired,

but difficult to adopt because of relatively high manufacturing and component costs and

problems with reliability and manufacturing repeatability. First costs of an LED replacement

lamp are still upwards of 10 times that of traditional incandescent and fluorescent light bulbs.

Additionally, quality issues still remain driven by assembly techniques and component and

material selection. Furthermore, the advantages of long life and low power consumption are

attainable only if the LED light source is kept sufficiently cool.

LED light sources generate significant thermal energy which, if not removed or

managed, may prevent proper functioning, or limit the lifetime, of the source. Thermal interface

and junction resistances between the heat generating LED light sources and the heat sinks of the

LED lamp designed to dissipate the heat can add anywhere from 1-10 degrees Celsius or more

to the LED junction temperature. Maintaining this junction temperature at or below the LED

light source manufacturer's specifications is critical for the life of the LED and the lower the

temperature the longer the life. According to accepted electronic design rules, for every 10

degrees Celsius temperature reduction there is a doubling of the electronic life.

Additionally, assembly of the LED lamp can significantly affect device

performance, product life and product cost. In conventional hand assembly and semi-automated

processes, part-to-part consistency is difficult to maintain and part-to-part reliability is

compromised - especially when thermal performance is the key to success and long life for any

LED lamp and poor thermal design and heat management is employed. Today's LED lights are

being manufactured in component and mechanically intensive processes because of the general



unfamiliarity with LED luminaire components (LEDs, drivers/power supplies, heat sinks and

thermal management, optics and lenses) or with best practices for designing and assembling

them together for reliable product utilization. In an LED lamp, the following manufacturing

steps and components are generally needed: The heat sink to dissipate heat from the LED light

source and other electronics has to be manufactured. In LED lamps and luminaires the heat sink

is generally part of the housing of the product. The LED circuit board assembly has to be

fabricated with all of its components including the LED light sources. This is generally done by

soldering the LED light sources and any other components to traces on a PCB. In high power

LED lighting, generally, the PCB is a metal core printed circuit board (MCPCB); however, other

materials are used as well and in almost all cases are attached to the heat sinks and are used to

conduct the heat from the LED light source to the heat sink through a thermal interface. The

LED circuit board assembly has to be mounted to the heat sink. Thermal interface must be

placed between the heat sink and the LED circuit board. The driver board and electronics have

to be fabricated and assembled and then installed in the LED lamp. The driver board and

electronics power the LED by constant current and ensure the operation of the LED light

sources. The driver board is wired and assembled to the LED circuit board assembly via

soldering and other connections (in some cases the drive electronics and components are

mounted on the same circuit board assembly as the LED lighting devices). A lens must be

manufactured and mounted to the top of the LED circuit board and in front of the lamp to focus

the light from the LED light sources to the desired beam angle and intensity. A GU or Edison or

other lighting industry standard connector must be wired and assembled to the drive electronics

to connect the LED device to power sources. All of these assembly steps and techniques involve

screws, glues, wires, soldering steps, additional parts for holding parts together and the

requirement of manual labor to put everything together.

FIGURE 1 illustrates an exemplary prior art LED lighting lamp employing a heat

sink/housing in thermal communication with the LED circuit board and LED light source so as

to provide cooling by dissipating heat into the ambient air. Connected to the LED circuit board

and assembled within the LED device is the drive electronics board and connector on one side as

well as the LED lens on the other.

FIGURE 1 shows an exemplary LED lamp 110 having a heat sink housing 118.

The housing 118 may be formed of a thermally conductive material, such as a metal or metal

alloy or a thermally conductive plastic. A heat spreader plate 128 is overmolded by the

thermally conductive material during an injection molding process. A drive electronics board

111 with connector attached is then physically inserted into heat sink housing 118 and



mechanically screwed to the heat spreader plate 128 with connecting screws 129. A thermal

interface material 131 is then mounted onto the heat spreader plate 128. Next a circuit board

assembly 116 with one or more LED light sources 117 on it is physically attached to the lighting

lamp 110 by placing it against the thermal interface 131 and screwing it to the heat spreader

plate 128 with screws 129a. A light lens/optics 119 is then placed against the circuit board 116

and held in place by a lens cover or bezel 130 (or alternative fastener such as glue or adhesive),

which is mechanically fastened to the heat sink housing 118 to hold the lens in place. An Edison

or GU connector 112 is then wired to the end of the LED device 110 and attached to the drive

electronics board 111.

Designing and manufacturing heat sinks for LED lamps and luminaries is not

new and has been done with a number of materials to date, including thermally conductive

plastics, aluminum extrusion, die casting etc. The method to manufacture the thermally

conductive plastic heat sinks is typically injection molding, though other methods of forming

and creating polymer shapes out of various types of polymers, epoxies and thermosetting

materials is well known in the industry and injection molding process is being used as one

example. All current and previous LED lights utilize a separately manufactured heat sink and

then assemble the LED circuit board to the heat sink using screws, glues or other assembly

mechanisms along with a thermal interface. Some products and designs do not even use a

thermal interface, creating significantly poor performing products.

As a result of the lower power consumption and longer life of LED light sources,

compared to traditional light sources, today's lighting market and governments worldwide are

utilizing and promoting the use of high power LEDs. With government and market support,

LEDs are gaining wide acceptance and adoption into mainstream lighting applications. As the

global lighting requirements are continuously growing, LEDs are enabling emerging markets

and underdeveloped areas to use light sources because of the low power consumption and ability

for LEDs to be powered by solar energy as well as last a long time without replacement. Still,

the biggest hurdle to LED lighting used in residential as replacement light bulbs on a massive

scale, is the first cost to the consumer and the thermal reliability and manufacturing

repeatability/cost of the lights. The Department of Energy is continuously pushing the

development of LED replacement bulb devices that are energy and thermally efficient yet have

the same first cost as traditional incandescent and fluorescent light bulbs.

The present disclosure describes an improved LED device design and method of

fabricating the same.



SUMMARY

The present disclosure uses thermally conductive moldable material as the

integral heat sink for the LED device to reduce or eliminate the junction resistance between the

heat sink and the LED circuit board by using the injection molding process to overmold the

thermally conductive material directly onto the greater periphery of the LED circuit board,

leaving an opening in the back side center for the driver electronics to be connected to the circuit

board and an opening in the front, exposing all of the LED's so that a secondary optic may be

attached to focus the light as desired. This not only mechanically fastens the LED circuit board

to the housing without screws or secondary attachment techniques, but also reduces or

eliminates any thermal junction resistance between the circuit board and the heat sink housing

due to the thermally conductive material completely wetting out the surface contact area

between the circuit board and the heat sink housing during the overmolding. It also eliminates

the need for a thermal interface between the heat sink and the circuit board, significantly

improving thermal performance (lower temperature) and thereby increasing product reliability.

Eliminating or reducing junction resistance by eliminating the thermal interface also reduces

cost by reducing manufacturing steps and components used.

The present innovation will be described herein primarily by way of reference to

the preferred embodiment wherein the heat sink housing is formed of a thermally conductive

plastic, however, other moldable thermally conductive materials may also be used, such as a

metal injection molded material.

In one aspect of this disclosure, an LED lighting device includes a circuit board

including one or more LED lighting elements thereon and a housing member containing the

circuit board, the housing member formed of a thermally conductive, molded material, said

housing member thermally coupled to said LED lighting elements, wherein the housing member

is formed by over-mold directly onto a peripheral edge portion of the circuit board.

In another aspect, a light emitting diode lighting device made up of component

modules that can be snapped together using thermally conductive plastic as the integrated and

overmolded heat sink that one or more additional component modules snap into and/or onto.

In yet another aspect, a method of forming an LED lighting device comprised

encapsulating a light emitting diode circuit board within a thermally conductive housing during

an injection molding operation using plastic or metal, preferably thermally conductive plastic, to

thereby form a heat sink for the LED device and eliminate or reduce the junction resistance

between the heat sink and the LED circuit board device. In a more limited aspect of this

disclosure, one or more mechanical fastening means are formed on the housing during the



injection molding operation for attaching one or more additional components or modules

comprising the light emitting diode device.

This overmolded assembly of the heat sink housing overmolded directly onto the

LED circuit board may then be taken as one simple subassembly and may be assembled with

any other necessary components, e.g., optics and drive electronics to form a complete LED

lighting product. Because no electronic components with exposed live circuit elements are

being directly overmolded, there is no possibility of shorting out any components. It is therefore

possible in this disclosure, to use thermally conductive plastics that are also electrically

conductive as the heat sink housing material. These materials are available in higher thermal

conductivities than materials that are electrically non-conductive, delivering better thermal

performance. With no risk of overmolding live components in the disclosed design, there is no

need for further isolation requirements of any components or the circuit board above and beyond

their typical fabrication techniques.

In a further preferred use, the LED apparatus and method of the present

disclosure may use modular LED component assemblies that all snap and fit together quickly

and integrally. That is, the thermally conductive plastic heat sink housing may serve as both the

integral heat sink for the LED device as well as the mechanism that assembles and holds all the

components of the LED device together. It uses an injection molding process to mold the

thermally conductive plastic and forms it as the mechanical feature that is the heat sink as well

as the mechanical component that holds everything together. It uses the injection molding

process to overmold the thermally conductive plastic directly onto the LED circuit board, which

not only mechanically fastens the LED circuit board to the housing without the need for screws

or secondary fasteners or techniques, but also reduces or eliminates thermal resistance between

the circuit board and the heat sink housing because it completely wets out the surface contact

area during overmolding. It also avoids the need for a thermal interface between the heat sink

and the circuit board, significantly improving thermal performance (lower temperature) and

further increasing product reliability.

The injection molding process may also be used as the assembly method to

assemble the entire LED lighting device module and sub assemblies together during the

injection molding process cycle. In some cases, the LED lighting device can be assembled in

the same molding cell while the thermally conductive plastic housing heat sink is being

overmolded onto the LED circuit board, e.g., by incorporating automation techniques and

robotics. This produces an assembled LED lamp that is thermally and mechanically reliable

with minimal to no added manufacturing costs and time. The manufacturing process from



device to device can thus be made consistent and repeatable which again increases device and

product reliability and repeatability. This automated assembly can therefore significantly reduce

manufacturing and assembly time and costs of the LED lamp. The combination of these factors

significantly reduces the device first cost to the consumer.

By using the injection molding process to assemble the heat sink to the LED

circuit board module through overmolding, previous costly and thermally unreliable assembly

methods can be eliminated. The LED circuit board module, in which all of the LED light

sources and electronics may be pre-populated thereon, is inserted into the mold cavity that molds

the thermally conductive plastic heat sink housing. The heat sink is then overmolded onto the

LED circuit board creating a subassembly of the heat sink and LED circuit board in one

operation that has little or no thermal junction resistance between the PCB and the heat sink

housing and requires no thermal interface.

In another aspect, the components that make up the LED lighting device are

designed in such a way that they are all modular and have quick connect features so they can be

efficiently assembled together. The drive electronics board module with connector/socket for

mounting the LED device to a light fixture may be designed in such a way that it has a second

connector at one end that quickly connects into a mating connector through the greater central

area on the back of the LED circuit board module. The LED lens, when required or desired,

may be designed so that it too has snap features that can quickly assemble to the LED lighting

device through the front of the lighting device module.

In a further aspect, all of these components are assembled together as modules

during the injection molding process of molding the heat sink, delivering a completely

assembled lighting product within one manufacturing operation. All components are inserted

into the molding cell. The thermally conductive plastic is overmolded onto the LED circuit

board to create a sub assembly module of the LED circuit board module and heat sink. The

drive electronics are then snapped or connected in place to the sub assembly module by

connecting to a connector in the LED circuit board, and lastly the lens or cover, if required or

desired, is connected to the LED sub assembly module by snapping onto the front of the

thermally conductive molded heat sink. The result is a modular designed LED device that is

manufactured in a manner that produces a low cost, thermally reliable device with significant

advantages over prior art LED devices in the cycle time required to produce one assembly.

One significant advantage of the current development is the ability to eliminate

manual labor and the associated reliability and assembly costs of assembling the heat sink to the

LED circuit board with screws and glues and incorporating a thermal interface between the two.



A second advantage resides in the ability of the present innovation to eliminate the need to

assemble the drive electronics and components to the heat sink housing and LED circuit board

with further screws and attachment components. A third advantage is that it can allow for the

elimination of the need to assemble the LED lens/cover to the LED circuit board or heat sink

housing, and/or other combinations of manual assembly manufacturing techniques used in

conventional LED light manufacturing processes, as well as the labor cost to assemble all the

remaining components together.

Another advantage is the repeatability of the current development over previous

assemblies. By overmolding the thermally conductive plastic onto the LED circuit board as the

assembly method, it reduces or eliminates the thermal junction resistance between the circuit

board and heat sink and utilizes the automated and repeatable process of injection molding to do

so. There is no opportunity to forget to apply a thermal interface tape or grease. There is no

opportunity to under tighten screws when attaching components together. There is no

opportunity for misalignment or bad fit due to poor manufacturing quality. The injection

molding process all occurs within a molding cavity which is fixed in size and shape. The LED

circuit board is inserted into the injection molding cavity in such a way that the area to be

overmolded is exposed within the cavity while the other areas are sealed from the cavity.

Thermally conductive plastics are then injected into the open cavity filling the area, overmolding

the desired area of the LED circuit board and forming the overall size, shape and part of the

overmolded heat sink housing.

Yet another advantage of the present disclosure is the design of the molded heat

sink. By designing the heat sink to conform to plastic injection molding design for

manufacturing (DFM) assembly techniques, advanced automated, semi automated and even

secondary hand assembly can truly be taken advantage of in a repeatable and effective manner.

The heat sink can have snap features, ribs, guides, posts, tabs or any other mechanical feature

that can be designed to be molded into it. This allows for easily attaching other modules or

components such as the lens, bezels or drive electronics directly to the heat sink housing. The

overmolded heat sink is designed in such a way that it is the anchor or fastening body that

everything else quickly and easily mounts to - without the need for any secondary or extra

mounting hardware or materials such as glue.

Still a further advantage of the current disclosure is the modular design of the

LED lighting device. The ability to make some or all of the components that are to be

assembled together modularly allows the present LED lighting device design to be simplified

and system costs reduced. Instead of complete LED lighting devices being their own complete



and custom solutions, each module within the lamp design can become its own standardized

form factor allowing these independent module supplier/manufacturers to compete to supply

product. By making the modules standard form factors, manufacturers only have to focus on

one aspect of the product development. This allows further product cost reductions and

manufacturing efficiencies when producing these modules. These module

manufacturers/suppliers would in turn publish specifications on their particular modules that

supporting module suppliers (lens/cover or drive board electronics manufacturers) would ensure

that their ancillary modules snap/fit together easily and efficiently. Currently there are many

standards for defining light safety, electronics regulation as well as lighting form factor such as

IEC 60630. IEC 60630 governs the form factor requirements for any lamp product

manufactured or sold so as to simplify product development and create a standard for shapes for

fixture manufacturers and designers. The modular LED device design of the present disclosure,

in a similar fashion, has the potential to standardize the manufacturing process and modular

design form factors in a way in which the heat sink housing form factors are determined, board

sizes and modules are pre-determined, lens/cover options are pre-defined and overmolding of

the LED circuit board in LED product design becomes the norm. This not only increases

reliability in the device, it focuses all reliability factors down to just a few critical areas such as

electronic design, LED light source selection and electronics component quality. It also allows

for easy replacement and exchange should there be any warranty or upgrade aspects to these

LED lighting products.

Another advantage of the current development resides in the manufacturing

method of assembling the modular LED device modules together such as the assembly of the

drive electronics and connector board to the LED lighting device as well as to the LED lens (if

required) all while injection molding the thermally conductive heat sink housing to the LED

circuit board module. The advantage of and the automated options related to injection molding,

turn complex assemblies of components and modules into an easily automated assembly process

that can be completely done inside the injection molding cell, in close proximity to it or off-line

if required, but preferably inside of the injection mold itself by molds that are designed to

mechanically automatically assemble components together. This can be done by two shot

injection molding (e.g., the lens/cover may be molded in place), or by automated robots and

equipment built into the molding cell, all using components designed to be quickly assembled

together. In summary, the whole assembly process may be done within the injection molding

cycle of first injection molding the heat sink housing onto the LED circuit board module and



then assembling all remaining components/modules to the housing - which thereby adds no

additional cost and makes it extremely reliable and cost effective.

Still further benefits and advantages of the present development will become

apparent to those skilled in the art upon reading and understanding the following detailed

description of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may take form in various components and arrangements of

components, and in various steps and arrangements of steps. The drawings are only for

purposes of illustrating preferred embodiments and are not to be construed as limiting the

invention.

FIGURE 1 is a cross-sectional view of an exemplary prior art LED lighting

device.

FIGURE 2 is a first isometric view of an exemplary embodiment overmolded

heat sink housing assembly overmolded directly onto an LED circuit board module.

FIGURE 3 is a second isometric view of the overmolded heat sink housing

assembly appearing in FIGURE 2 .

FIGURE 4 is a side view of the overmolded heat sink housing assembly

appearing in FIGURE 2 .

FIGURE 5 is a cross-sectional view taken along the lines 5—5 in FIGURE 4 .

FIGURE 6 is a first isometric view of an assembled LED lighting device

employing the overmolded heat sink housing assembly of FIGURE 2 .

FIGURE 7 is a second isometric view of the assembled LED lighting device

appearing in FIGURE 6 .

FIGURE 8 is a side view of the assembled LED lighting device appearing in

FIGURE 6 .

FIGURE 9 is cross-sectional view taken along the line 9—9 in FIGURE 8.

FIGURES 1OA- IOC illustrate several exemplary alternative embodiments of the

LED lighting device.

FIGURES 11 and 12 are process flow charts of a manufacturing method in

accordance with an exemplary embodiment of the present disclosure.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, wherein like reference numerals refer to like or

analogous components throughout the several views, particular reference is now made to

FIGURES 2-5 wherein there appears an LED circuit board 16 with an overmolded heat sink

housing 18 and FIGURES 6-9 wherein there appears an assembled LED lighting apparatus 10.

Preferably, the LED circuit board is pre populated with the LED elements prior to overmolding

the heat sink housing 18, however, it will be recognized that the LED circuit board could be

overmolded prior to mounting the LED elements.

As used herein, the term "overmold," and variants thereof such as

"overmolding," "overmolded," etc., when used as a verb, are intended to refer to a molding or

casting process, preferably injection molding, in which the LED circuit board is placed within

the heat sink housing mold cavity and the thermally conductive moldable material is molded

onto or over the LED circuit board in situ. Likewise, the term "overmold," and variants thereof

such as "overmolding," when used as a noun, are intended to refer to a molded or cast

component produced by an overmolding process as defined above.

The housing 18 may be formed of an injection moldable thermally conductive

material, such as a metal or metal alloy (e.g., a metal injection moldable material) or, more

preferably, a thermally conductive plastic or polymer material, such as a thermally conductive

composite material comprising a polymer matrix and a thermally conductive filler. The housing

18 thus acts as both a housing and a heat sink.

The thermally conductive plastic preferably has a minimum thermal conductivity

of 2 W/m . In preferred embodiments, the thermal conductivity of the moldable thermally

conductive material used for the housing 18 is in the range of about 10-15 W/mK, and more

preferably in the range of about 15-20 W/mK, or higher.

The thermally conductive polymer material forming the housing 18 is not limited

to any particular matrix material. Any suitable matrix material may be employed. The matrix

material may be, for example, thermosetting materials such as epoxy resins or polyester resin. It

may be for example elastomeric or rubber materials including, but not limited to butadiene-

acrylonitrile copolymers, rubber, copolymers, styrene-butadiene copolymers, styrene-maleic

anhydride copolymers, and so forth. More preferably, the matrix material is a thermoplastic

material based on, for example, acrylonitrile butadiene styrene (ABS) copolymers, aromatic

polycarbonates, aromatic polyesters, polyphenylenesulfide, and polyamides. The forgoing list is

intended to be exemplary only and other matrix materials, as would be known to those skilled in

the art, may also be employed.



Examples of thermally conductive filler or additive materials include, for

example, copper flakes, graphite including natural and synthetic graphite, expanded graphite,

carbon fiber, carbon black, pitch based carbon fibers, metal nitrides such as aluminum nitride,

boron nitride, silicon nitride, silicon oxide, metal oxides such as aluminum oxide, and the like.

The thermally conductive filler content by weight in the matrix will usually be from about 5

percent to about 70 percent, preferably from about 25 percent to about 50 percent.

Any other conventional additives may optionally be present in the matrix system

which include, but are not limited to, flame retardants, catalysts, promoters, or hardeners, such

as curing or cross-linking catalysts or catalysts to promote the growth of conductive materials,

fillers such as quartz powder to reduce thermal expansion or other relatively inert materials

which may be added to reduce cost, or other fillers or extenders used to modify mechanical

properties, serve as a base for color effects, or to improve surface texture, extenders, or to dilute

or extend high cost resins without significant lessening of properties, inhibitors, thixotropic

agents, adhesion promoters, any other additive capable of exerting a positive effect on the

substrate and during processing such as finishing agents to improve matrix to filler coupling or a

noble metal or noble metal compound to make the material catalytic for electroless deposition of

copper, and so forth. Such additives and their use are generally known to those skilled in the art.

A series of fins or ribs 21 as shown in FIGURE 7 are provided to increase the

surface area of the heat sink/housing member 18 to enhance the dissipation of heat to the

ambient air. It will be recognized that other geometric configurations for increasing the surface

area of the housing/air interface, such as pins or other protrusions, etc., may be provided instead

of fins. A lens covering 19 may be provided to cover the open end 23 of the heat/sink housing

18. The lens may be, for example, a transparent cover, and may optionally include integral

optical elements, such as a diffuser, beam shaping elements, and so forth. In the depicted

preferred embodiment, the lens 19 includes a plurality of legs 37 each having a protrusion 39

which engage a corresponding aligned opening or depression 34. In the illustrated embodiment,

the legs are resilient and include a ramped or inclined surface to facilitate insertion of the lens

cap into place, while preventing or resisting removal of the lens 19 once it has been snapped into

place.

One or more LED elements 17 (three in the depicted embodiment) are mounted

on the circuit board 16, e.g., a printed circuit board, which in turn is overmolded within the heat

sink/housing 18. The electronic circuit board 16 includes an outer, peripheral portion and an

inner, central portion that is disposed radially inward of the peripheral portion. The electronic

circuit board 16 also includes an exterior side 24 which optically interfaces with the ambient



environment during operation of the LED lighting apparatus and an interior side opposite the

exterior side. The LED elements are mounted on the exterior side of the central portion of the

circuit board 16. The thermally conductive housing 18 encloses the electronic circuit board and

defines a first cavity 23 adjacent the central portion of the electronic circuit board exterior side

and a second cavity 29 adjacent the central portion of the interior side of the electronic circuit

board 16, such that a portion of said thermally conductive housing is being overmolded onto the

circuit board 16 peripheral portion.

The circuit board 16 includes a connector 15 for electrically coupling the LED to

an external power supply such as the power supply (AC mains) of a building, a DC drive

electronics circuit board module 13, etc. The circuit board 16 and/or the LED driver board 11

embedded inside the driver board module 13 may also carry any other electronics associated

with the LED device 10, as would be understood by persons skilled in the art. The circuit board

16, connector 15, LED elements 17, and any other associated electronics make up the LED

circuit board module 16.

The circuit board 16 may be, for example, a glass/epoxy printed circuit board or a

thermally conductive extrudable or injection moldable polymer. More preferably, the circuit

board 16 may be an aluminum or other metal core printed circuit board (MCPCB) of a type that

may advantageously be used to conduct heat away from the LED element 17. In the case on a

non-metal PCB 16, the conductive layer may be employed to conduct the heat from the LED to

the heat sink housing 18. More preferably, in the case on a non-metal circuit board 16, the

circuit board 16 may be overmolded in conjunction with a heat spreader plate on the interior side

of the circuit board 16 and in thermal communication with the LED elements 17 to conduct the

heat away from the LED elements to the heat sink housing 18.

By encapsulating the outside or peripheral edge of the circuit board 16 with the

injection moldable thermally conductive material forming the enclosure 18, either partially or

completely, with the thermally conductive material forming the enclosure, just leaving a gap for

the electronic connection between the circuit board connector 15 and connection to the external

power supply, the junction resistance between the circuit board 16 and the housing heat sink 18

can be reduced or eliminated.

During the overmolding process of the circuit board 16, the injection moldable

material is in a thermoplastic or soft or liquid phase. This allows the material to completely wet

out the surface onto which it is being overmolded. When it solidifies in the mold in its final

enclosure shape 18 the resulting contact resistance between the circuit board 16 and the

thermally conductive enclosure 18 is reduced or eliminated. This avoids the need for a



secondary thermal interface 131 as depicted in FIGURE 1 and increases long-term thermal

reliability as well as decreases assembly-to-assembly thermal variability.

The electrical connector 15 is electrically coupled to the bottom face 24 of the

circuit board 16 and exits through out the back of the circuit board 16 through a hole 25 in the

circuit board 16 for electrically coupling the circuit board module 16 to a power grid, drive

electronics module 13, secondary power connector, line voltage from the light power supply,

light fixture, or other device for delivering power to the LED elements 17 and the circuit board

16, or the like.

In a preferred embodiment, the LED device 10 includes a drive electronics

module 13 that snaps together with the LED device 10 during the injection molding assembly

process and connects to the circuit board module 16 via a connector 14 on the drive electronics

module board 11 and connecting to connector 15 on the circuit board module 16. In this

preferred embodiment, alignment grooves or keyed arrangements 32 are molded into the heat

sink housing 18 which help guide, locate and secure the driver board module 13 in place during

assembly. Such keyed arrangement could include, for example, a rib or protrusion which

engages a complimentary groove, an eccentric or otherwise, mating geometric shape of the

cavity 23 walls relative to the shape of the drive electronics module 13 to be received within the

cavity 23, and so forth. The illustrated and discussed embodiments are exemplary and

explanatory only and other configurations of the drive electronics module 13 and its modular

assembly into the LED device 10 are contemplated. It will be recognized that any configuration

of a self-contained driver electronics module 13 providing a means by which power delivery and

conversion is done in a modular fashion may be employed. A modular driver electronics board

assembly 13 is also advantageous for manufacture of a completed lighting device in a closed cell

manufacturing method.

The driver board module 13 is made up of a circuit board 11 and a

connector/drive board module housing material 27 to protect the users and consumers of the

LED device 10 from electrical shock from the line voltage and power supplied to the LED

device 10. Preferably, the housing 27 of the LED driver board 13 is formed of a thermally

conductive, electrically insulating material, such as a thermally conductive, electrically

insulating plastic.

In some cases, the module 13 may include the connector 12 for connection of the

LED lighting device 10 to a lighting fixture. Alternatively, the connector 12 for connection to a

light fixture may be a separate module. In the depicted embodiment, the connector 12 is shown

as a GU type connector. It will be recognized that any other connector for connecting the LED



lighting apparatus to a light fixture may be employed. For example, FIGURE 10A illustrates a

second embodiment LED apparatus 10a having a Bi-Pin GU5.3 low voltage connector 12a.

FIGURE 10B illustrates a third embodiment LED apparatus 10b having an Edison base 12b.

FIGURE IOC illustrates a fourth embodiment LED lighting apparatus 10c having a GU10 for

110 or higher voltage connection.

The circuit board 11 includes a connector 14 for electrically coupling the drive

board module 13 to the connector 15 on the circuit board module 16. In the depicted preferred

embodiment, the drive board module 13 includes a protrusion 35 which is received within a

complimentary opening 33 in the circuit board 16, e.g., to provide a snap fit, friction fit, or the

like. In an especially preferred embodiment, the protrusion 35 may include a ramped or inclined

surface which facilitates insertion of the protrusion into the opening 33, but which prevents or

resists removal once it is snapped into place.

The circuit board 11 may also include connector pins or Edison base 12 for

coupling the drive board module 13 to an external power supply such as the power supply (AC

mains) of a building, a mating connection in a lighting fixture, etc. Connector pins or Edison

base 12 protrude from, are connected through or are electrically insulated by the driver module

housing material 27.

The circuit board may also carry any other electronics associated with the drive

board module 13 and/or the LED device 10, as would be understood by persons skilled in the

art. The circuit board 11 may be, for example, a glass/epoxy printed circuit board.

Alternatively, the circuit board 11 may be a thermally conductive extrudable or injection

moldable polymer. More preferably, the circuit board 11 may be an aluminum or other metal

core printed circuit board of a type that may advantageously be used to conduct heat away from

the drive electronic components mounted on the circuit board 11 and subsequently, through the

physical connections, conduct heat away from the LED elements 17.

The LED device 10 is powered by an external power source, as described above.

During operation, the LED light element 17 creates heat which is conducted by the LED heat

slug 26 and other components in the thermal pathway of the LED light source to the bottom side

24 of the circuit board 16. The heat is conducted through the circuit board, through all the

junctions between the peripheral portion 22 of the circuit board 16 and the heat sink/housing 18

and is dissipated by the heat sink housing 18 and the cooling fins 21 of the housing 18. By

overmolding the peripheral portion 22 of the circuit board 16 with the injection moldable

thermally conductive enclosure 18 in the injection molding process, the need for a separate

interface material 131 (see FIGURE 1) and the resulting temperature increase across the



resulting interfacial or contact resistances is eliminated, thus creating a direct and thermally

efficient path for the heat to travel to the heat sink housing 18 and be dissipated by the cooling

fins 21. This resulting elimination of a thermal interface material can improve the heat transfer

efficiency by, for example, between 1.5% and 10% and preferably between 2%> and 30%>,

eliminating for example, 1 to 10 degrees Celsius from the junction temperature of the LED 17.

The LED device 10 also includes a lens or cover 19, which may act as a cover to

the opening 23 of the LED device 10, and may also act as a diffuser, a lens to focus the light

generated by the LED elements 17 into a desired beam angle and light arrangement, etc. In

certain embodiments, the lens 19 may have a coating on the surface comprised of quantum dots

which allow the lens to convert white LED light to warm LED light.

The LED lens 19 is received within the opening 23 such that any optical elements

thereon are aligned over the LED elements 17. The lens 19 may be adapted to snap into place

with snap features (e.g., 37, 39) designed into the part and corresponding openings 34, e.g.,

which may be formed as part of the injection molding manufacturing assembly process.

Alternatively, the lens can be can be held in place by a snap ring or bezel (not shown) that fits

over the lens 19 which in turn attaches to or snaps onto the LED device 10. In some instances,

the LED lens may be formed directly onto the LED element 17 during its manufacture and built

into the LED light source directly. In such cases, an additional protective lens 19 could

optionally be added if so desired.

In a further aspect, an intermediate or sub assembly component is provided,

comprising the circuit board 16 with the thermally conductive injection molded heat sink

housing overmolded thereon, thus forming an subassembly which can be used to form a

completed LED lighting apparatus. This embodiment could optionally omit some or all of the

snap features and molded in tabs, guides and features, etc., to assemble all the remaining

components and sub-assemblies thereto, while still providing all of the enhancements and

improvements with respect to reduction or elimination of junction resistances between the LED

circuit board module and the heat sink housing leading to improvements in the LED lighting

device thermal performance, reliability, part-to-part variation and significant first cost, cost

reductions to the consumer. To the extent some or all of the snap features and molded in tabs,

guides and features, etc. are eliminated, the assembly in accordance with this embodiment could

be taken and assembled via traditional assembly techniques to mount the remaining components

such as lens if desired, bezels, driver electronics modules and Edison or other socket connectors

for connecting the lighting device with the power sources, and so forth.



With respect to the prior art manufacturing methods, LED lighting devices are

made up of many components manufactured all over the world which in turn are shipped to

assembly locations where they are hand assembled into lighting devices. This generates a

significant amount of reliability, repeatability, assembly, shipping and manufacturing costs and

inefficiencies that must not only be built into the LED device costs but also results in a LED

device design that is thermally inefficient and unreliable. The device and manufacturing method

in accordance with the present disclosure provides for a streamlined LED device design with a

manufacturing method that simplifies and automates the whole manufacturing assembly process

of the LED device into one step.

For example, a design in accordance with an exemplary embodiment of this

disclosure of a circuit board module that is designed to have its periphery be overmolded with a

thermally conductive injection moldable material forming the housing, includes a connector

protruding from it, e.g., on an inward facing side of the circuit board, for a drive electronics

module to snap on and connect onto one side, e.g., via the cavity 29, of the injection molded

thermally conductive housing. The housing, in turn, may have integrally molded features to

accept a lens and cover to snap on to it from the other side. In this manner, the number of

components and steps to assemble the LED luminaire can be significantly reduced, e.g., from

typically as many as 10 or more to 4 or fewer. By using an injection moldable thermoplastic

material as the housing and heat sink as well as the fastener system that holds all the modules

together in the device, it is possible to eliminate some or all of the secondary external

mechanical fasteners such as screws, wires, rivets, clips, pawls, and other similar fastening

components.

In accordance with an additional embodiment, it is further contemplated a circuit

board module overmolded with a thermally conductive injection moldable material may be

provided without some or all of the integrally molded snap features, thus forming an assembly

of the thermally conductive housing overmolded with the LED circuit board module, which may

then be assembled to a completed luminaire using known assembly methods. This embodiment

would not have all the snap features and molded in tabs, guides and features to assemble all the

remaining components and sub-assemblies to. However, this embodiment would contain all the

enhancements and improvements in terms of reducing or eliminating junction resistances

between the LED circuit board module and the heat sink housing, thus leading to improvements

in the LED lighting device thermal performance, reliability, part-to-part variation, and

significant first cost reductions to the consumer. This overmolded assembly could then be taken

and assembled via traditional or known assembly techniques to mount the remaining



components such as lens (if desired) bezels, driver electronics modules and Edison, GU-type, or

other socket connectors for connecting the lighting device with a power source.

FIGURE 11 depicts a preferred method of manufacturing an LED lighting device

10 in accordance with this disclosure. Referring to the process map of the preferred method

shown in FIGURE 12, there appears a pre-defined process step A comprising overmolding the

LED circuit board with the moldable thermally conductive material. At step B, the lens/optics

component is attached, e.g., by snapping on or otherwise attaching using a quick connect

methods. At step C, the driver assembly component is attached, e.g., via snap on features or

other quick connection technique. At step D, the LED product is tested and at step E, the

assembled product and is ready for packaging.

Referring now to FIGURE 12, there appears a preferred method which may be

embodied using an advanced automated manufacturing cell built in-line with the injection

molding process, e.g., operating under preprogrammed control, in which the thermally

conductive heat sink housing is overmolded onto the LED circuit board so that a complete LED

luminaire 10 can be overmolded and assembled during the cycle time of overmolding the LED

circuit board 16. In this manner, for every molding cycle, a complete, tested luminaire is

produced. It will be recognized, however, that manual transfer and assembly of the partially

completed work product between some or all of the process steps is also contemplated.

The work cells utilized in the manufacturing line in accordance with the preferred

method herein may be optimized for the process steps. Their functions in accordance with this

embodiment are described in greater detail below. In step A , incoming materials i.e. the LED

boards 16, are pre-loaded onto material handling trays and presented to the injection molding

machine where they are presented, e.g., via automated control systems, to an injection molding

machine robot (e.g., a robotic arm) capable of gripping incoming material, i.e., the LED boards

16 as well as the finished overmolded housing assembly.

After the overmolding process is complete and the injection moldable thermally

conductive material forming the heat sink housing 18 is overmolded onto the PCB assembly 16,

the intermediate housing/circuit board assemblies so produced are presented to the second

process step, B, e.g., via automated processes and handling. Step B represents the second pre-

defined process step where a preliminary test to verify the function of the LED's may optionally

be performed and wherein the optics/lens 19 is attached and snapped onto the overmolded LED

housing, preferably automatically under programmed control.

The parts are then presented to pre-defined process C where the driver sub

assembly 13 (including housing and socket/screw base) is attached to a functional overmolded



luminaire/lens assembly using advanced modular connectors and automated assembly processes.

Next, the completed assemblies 10 are presented to pre-defined station D where final inspection

is performed. Completed, passed, luminaires 10 are presented for product packaging and

shipping at pre-defined process E .

Each pre-defined process step is preferably designed to take no longer than the

first process step A. This results in a completed luminaire 10 being produced every time the

overmolding process A occurs, once the whole process has commenced and the first product

reaches step E . Process steps A, B, C, and D may also include process steps relating to injection

molding preparation, including but not limited to injection molding design and fabrication,

Injection molding machine selection, heat sink housing final part design for mold design of

injection mold to overmold. The process steps may also include the use of any automation or

tooling required for holding or handling the modules that are used and assembled during the

injection molding process as would be understood by persons skilled in the art. Many injection

molding cells include robots which pick up components, place them in molds, present them to

operators or conveyors after product manufacture completion.

The process steps A, B, C, and D may also refer to any robotic activity and end

of arm tooling related to handling of components, staging areas for module assemblies and

components as well as any programming of injection molding machines for process control,

robotic automation handling programs and any other general automation or processes generally

associated with the injection molding process and automation handling as would be understood

by persons skilled in the art.

Utilizing an assembly method in accordance with this disclosure of injection

molding allows for the full assembly of the LED device design in accordance with this

disclosure in one operation in an automated fashion. Injection molding allows a variety of in-

mold assembly techniques today. The technology and capability of automation, two shot

molding, insert molding and in-mold assembly allows for the manufacture of a complete part

within the molding cycle and process. Significant manufacturing cost savings can be obtained

by eliminating and consolidating components and minimizing handling and assembly steps. In

certain embodiments, using preassembled circuit boards, lenses and other desired modules, these

components are placed into the injection mold. Using 1 or 2 shot molding (e.g., optionally, the

lens may also be molded at this time) the circuit board is overmolded with a thermally

conductive housing material to form the heat sink. Using automation and new in-mold assembly

technology the lens, modules and any other desired connectors or components may be attached



to the light to produce a completed LED luminaire, thereby significantly cutting down on

manufacturing and assembly costs.

For example, if the manual assembly of an LED device takes 5 minutes at a rate

of $10 USD per hour, the manufacturing assembly cost would be $0.83 per device. Using

injection molding as the baseline assembly and overmold technique, assuming a 4-cavity mold

running a 30-second cycle time at a machine rate of $100 USD per hour, the assembly cost per

device would be $0.21 per device or just 1/4 of the cost. The automated assembly method

coupled with the elimination of the variation of junction resistance between the circuit board 16

and the LED device housing 18 also increases the product reliability, which significantly

reduces the warranty costs, which is a significant cost factor in today's LED devices.

In an alternative embodiment of the LED device manufacture method, the mold

designed in pre-defined process A has four sides for performing operations in it. During the

molding process, the mold opens and then rotates 90 degrees where a second operation occurs.

A four-sided mold can therefore have four operations. For example after overmolding the LED

circuit board module during the first molding shot and rotating, mating mold components and

tooling press and snap fit the drive electronics module into the overmolded heat sink housing

and circuit board module. This then continues on all sides until all assembly is complete and a

robot or other device removes a completely assembled LED lighting device from the mold after

the final molding cycle.

In yet another alternative embodiment the LED circuit board module is

overmolded with a thermally conductive injection moldable material that integrates all mounting

features for the remaining LED module sub assemblies and components to fit into. This sub

assembly is then transferred to secondary assembly stations outside the injection molding cell

where the drive electronics board and LED lens/cover are assembled exactly into place.

In yet another alternative embodiment there is no separate LED circuit board

module. Instead, the circuit and LED are mounted directly onto the injection moldable heat sink

housing after the housing has been injection molded. In this embodiment, the housing can

incorporate all mounting features and assemblies to any sub assemblies and components during

the injection molding process. Furthermore, the PCB may be eliminated and the circuits placed

directly on the heat sink housing, in which case the unit undergoes an additional step of

mounting the LEDs directly thereon after the other assembly processes are complete.

Some LED device designs may have more component sub assemblies while

others will have less. The embodiments herein are intended to be exemplary and illustrative



only and modifications may become apparent to persons skilled in the art upon reading and

understanding the present disclosure.

In an alternative embodiment, a hybrid heat sink method may be utilized. In this

method, a metal or other heat sink spreader or insert may be inserted into the mold along with

the circuit board module, whereby the spreader acts as the heat sink/thermal sinking device. The

injection moldable housing material in this case may be thermally conductive plastic, any metal

injection moldable material or even a non-thermally conductive, conventional plastic that is

utilized to incorporate the mounting and assembling of all components, yet utilizes the metal

heat sink spreader as the heat sink for the LED light sources.

In still further alternative embodiments, the circuit board of the drive electronics

module can be combined onto the circuit board of the LED devices. In this case, only leads, a

connector for connecting to a power source and a connector housing material are connected to

the circuit board 16. This is typically the case when the LEDs are AC LEDs and can take direct

line voltage without requiring special drive electronics to step down the AC line voltage coming

from the power source and converting it to DC to drive the DC LEDs. Those skilled in the art

will would recognize drive electronics requirements with respect to the various LED types and

powering options.

By using AC LED technology in certain embodiments, the drive electronic costs

can be significantly reduced by between 20-30%, preferably between 10-40% of the total

electronic costs of the LED device 10. Eliminating this electronic driver not only reduces cost,

but it also increases available part volume that can be utilized by the heat sink and thermal

material to further dissipate heat from the LED by a significant factor. This boosts the

efficiency of the LED device 10, lowering its temperature and thereby significantly increasing

its reliability.

The invention has been described with reference to the preferred embodiments.

Modifications and alterations will occur to others upon a reading and understanding of the

preceding detailed description. It is intended that the invention be construed as including all

such modifications and alterations. It is to be understood that the foregoing descriptive matter

and is to be interpreted merely as illustrative of the invention and not as a limitation.



CLAIMS

Having thus described the preferred embodiments, the invention is now claimed

to be:

1. An LED lighting apparatus, comprising:

an electronic circuit board having a peripheral portion and a central portion that is

radially inward of said peripheral portion, said electronic circuit board having an exterior side

for optically interfacing with ambient environment during operation and an interior side opposite

the exterior side;

at least one LED mounted on the exterior side of the electronic circuit board

central portion; and

a thermally conductive housing enclosing said electronic circuit board, said

thermally conductive housing formed of a moldable thermally conductive material;

said thermally conductive housing defining a first cavity adjacent the central

portion of the electronic circuit board exterior side and a second cavity adjacent the central

portion of the electronic circuit board interior side, a portion of said thermally conductive

housing being overmolded onto said peripheral portion.

2 . The LED lighting apparatus of claim 1, wherein said moldable thermally

conductive material is a thermally conductive plastic.

3 . The LED lighting apparatus of claim 1, further comprising:

an LED driver received within said second cavity.

4 . The LED lighting apparatus of claim 3, further comprising:

an electrical connector on said electronic circuit board for mating with a

complimentary electrical connector on said LED driver to electrically couple said LED driver to

said at least one LED.

5 . The LED lighting apparatus of claim 3, wherein said LED driver includes

an LED driver housing enclosing an LED driver circuit board, said LED driver housing formed

of a thermally conductive, electrically insulating plastic.



6 . The LED lighting apparatus of claim 1, further comprising:

said first cavity defining an opening; and

a lens affixed about said opening.

7 . The LED lighting apparatus of claim 6, wherein said lens is selected from

a transparent plate, an optical diffuser, and an optical beam shaper.

8. The LED lighting apparatus of claim 6, wherein said lens has a coating on

the surface comprised of quantum dots which allow the lens to convert white LED light to warm

LED light.

9 . The LED lighting apparatus of claim 1, wherein said electronic circuit

board is a printed circuit board.

10. The LED lighting apparatus of claim 9, wherein said printed circuit board

is a metal core printed circuit board.

11. The LED lighting apparatus of claim 10, further comprising:

a thermal slug mounted on the exterior side of said electronic circuit board and

adjacent each of said at least one LED and in thermal communication with said metal core

printed circuit board.

12. The LED lighting apparatus of claim 9, wherein said printed circuit board

is a non-metallic printed circuit board.

13. The LED lighting apparatus of claim 12, further comprising:

a heat spreader plate adjacent the interior side of the electronic circuit board, said

heat spreader plate in thermal communication with said at least on LED, wherein a portion of

said thermally conductive housing is overmolded onto a peripheral portion of said heat spreader

plate.



14. The LED lighting apparatus of claim 13, further comprising:

a thermal slug mounted on the exterior side of said electronic circuit board and

adjacent each of said at least one LED and in thermal communication with said heat spreader

plate.

15. The LED lighting apparatus of claim 1, wherein the moldable thermally

conductive material comprises a polymer matrix material and a thermally conductive filler.

16. The LED lighting apparatus of claim 15, wherein the thermally

conductive filler is selected from the group consisting of natural and synthetic graphite, carbon

fiber, carbon black, boron nitride, aluminum nitride, silicon nitride, silicon oxide, metal oxides,

and combinations thereof.

17. The LED lighting apparatus of claim 15, wherein the moldable thermally

conductive material is electrically conductive.

18. The LED lighting apparatus of claim 15, wherein said moldable thermally

conductive material is electrically insulating.

19. A method of manufacture, comprising:

providing an electronic circuit board having a peripheral portion and a central

portion that is radially inward of said peripheral portion, said electronic circuit board having an

exterior side for optically interfacing with ambient environment during operation and an interior

side opposite the exterior side;

mounting at least one LED mounted on said exterior side of the electronic circuit

board central portion; and

overmolding said electronic circuit board peripheral portion with a moldable

thermally conductive material to form an overmolded thermally conductive housing enclosing

said electronic circuit board, said thermally conductive housing defining a first cavity adjacent

the central portion of the electronic circuit board exterior side and a second cavity adjacent the

central portion of the electronic circuit board interior side.

20. The method of manufacture of claim 19, wherein said moldable thermally

conductive material comprises a polymer matrix material and a thermally conductive filler.



21. The method of manufacture of claim 19, wherein said overmolding is an

injection overmolding.

22. The method of manufacture of claim 20, wherein said moldable thermally

conductive material is electrically conductive.

23. The method of manufacture of claim 20, wherein said moldable thermally

conductive material is electrically insulative.

24. The method of claim 19, wherein said step of mounting said at least one

LED on said exterior side of the electronic circuit board central portion is performed prior to

said step of overmolding said electronic circuit board peripheral portion with a moldable

thermally conductive material.

25. The method of claim 19, further comprising:

attaching an optically transparent cover over said circuit board exterior side using

a fastener integrally formed on said overmolded thermally conductive housing.

26. The method of claim 19, further comprising:

electrically coupling an LED driver electronics module to said electronic circuit

board.

27. The method of claim 26, wherein the LED driver electronics module is

attached to the overmolded thermally conductive housing using a fastener integrally formed on

said overmolded thermally conductive housing.
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