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LIGHT EMITTING DIODE ( LED ) LIGHTING housing . The LED lighting device further comprises an LED 
DEVICE module mounted within the central opening of the housing . 

The LED module comprises a composite board . The com 
BACKGROUND posite board comprises a peripheral metal board having an 

5 embedding opening ; and a circuit board embedded within 
Incandescent bulbs are slowly being phased out in favor the embedding opening of the peripheral metal board . The 

of more efficient lighting sources . This led to an increased LED module further comprises one or more driver circuitry 
use of compact fluorescent bulbs which are more efficient components mounted within a first portion of the composite 
than incandescent bulbs , but which tend to contain danger - board corresponding to the circuit board and one or more 
ous materials , such as mercury . Additionally , many people 10 LEDs mounted about a periphery of a second portion of the 
find the color temperature of light emitted by compact composite board corresponding to the peripheral metal 
fluorescent bulbs to not be aesthetically pleasing for many board . 
applications , such as household lighting in kitchens , bath According to still another aspect of the present invention , 
rooms , and living rooms ; some commercial applications ; an LED lighting device is provided . In one embodiment , the 
and the like . 15 LED lighting device comprises a housing . The housing 

Recent advances in manufacturing light emitting diodes comprises a metal shell defining a central opening of the 
( LEDs ) combined with the efficiency and long lifetime of housing ; a plastic housing over molded onto the metal shell ; 
LEDs have led to an increase in the availability and afford and a metal insert mounted within the central opening of the 
ability of LED lighting devices . LED lighting devices offer housing . The LED lighting device further comprises an LED 
advantages over compact fluorescent bulbs including longer 20 module mounted within the central opening of the housing . 
lifetime and the absence of dangerous materials . Also , LED The LED module comprises a composite board having a first 
lighting devices may be configured to emit light in a wide surface and a second surface opposite the first surface . The 
range of color temperatures . composite board comprises a peripheral metal board having 

Both incandescent bulbs and compact fluorescent bulbs an embedding opening ; and a circuit board embedded within 
must be designed to maintain a specific environment within 25 the embedding opening of the peripheral metal board . The 
the bulb ( e . g . , a vacuum or a specific mix of gasses ) . LEDs , LED module further comprises one or more driver circuitry 
by contrast , can function under regular atmospheric condi components mounted to the first surface of the composite 
tions . However , LEDs are small , solid state devices , often board and within a first portion of the composite board 
require being powered via electronic driver circuitry , and corresponding to the circuit board ; one or more driver 
have particular requirements for the dissipation of heat 30 circuitry components mounted to the second surface of the 
created by and / or in the vicinity of the LEDs . composite board and within the first portion of the compos 

Thus , there is a need for LED lighting devices in tradi ite board corresponding to the circuit board ; and one or more 
tional bulb form factors . LEDs mounted to the first surface of the composite board 

and about a periphery of a second portion of the composite 
BRIEF SUMMARY 35 board corresponding to the peripheral metal board . 

According to yet another aspect of the present invention , 
Various embodiments of the present invention provide an a method for manufacturing an LED lighting device is 

LED module , an LED lighting device ( e . g . , light bulb , lamp , provided . In one embodiment , the method comprises die 
lighting fixture or the like ) incorporating one or more LED cutting a peripheral metal board . The peripheral metal board 
modules , and methods for manufacturing an LED module 40 comprises an embedding opening . The method further com 
and / or an LED lighting device comprising one or more LED prises press - fitting a circuit board into the embedding open 
modules . ing such that a first surface of the circuit board is generally 

According to one aspect of the present invention , an LED flush with a first surface of the peripheral metal board . The 
lighting device is provided . In one embodiment , the LED method further comprises adhering copper foil to at least the 
lighting device comprises a housing comprising a metal 45 first surface of the peripheral metal board and the first 
shell and defining a central opening and an LED module surface of the circuit board using a partially dry adhesive 
having one or more LEDs mounted about a periphery of a that cures to become an electrical insulation layer , etching 
first surface of the LED module . The LED module is electrical traces from the copper foil , and mounting one or 
oriented and retained within the central opening of the more LEDs on the electrical traces and the electrical insu 
housing such that the first surface faces out of the central 50 lation layer over the peripheral metal board . The method 
opening . The LED module is secured to the housing via the further comprises securing the peripheral metal board and 
metal shell . the circuit board within a central opening of a metal shell . 

According to another aspect of the present invention , an 
LED module is provided . In one embodiment , the LED BRIEF DESCRIPTION OF THE SEVERAL 
module comprises a circuit board having a first surface ; a 55 VIEWS OF THE DRAWING ( S ) 
peripheral metal board abutting and about said circuit board ; 
an electrical insulation layer on the first surface of said Having thus described the invention in general terms , 
circuit board and on said peripheral metal board ; electrical reference will now be made to the accompanying drawings , 
traces on said electrical insulation layer ; and one or more which are not necessarily drawn to scale , and wherein : 
LEDs mounted on said electrical traces and said electrical 60 FIG . 1 is a perspective view of an LED lighting device , in 
insulation layer and over said peripheral metal board . accordance with various embodiments of present invention ; 

According to another aspect of the present invention , an FIG . 2 is a perspective view of a portion of an LED 
LED lighting device is provided . In one embodiment , the lighting device , in accordance with various embodiments of 
LED lighting device comprises a housing . The housing the present invention ; 
comprises a metal shell defining a central opening of the 65 FIG . 3 is a structural representation of an LED module , in 
housing ; a plastic housing over molded onto the metal shell ; accordance with various embodiments of the present inven 
and a metal insert mounted within the central opening of the tion ; 
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FIG . 4 is a sectional view of the LED module shown in In example embodiments , the base 60 may be configured 
FIG . 3 ; to allow the LED lighting device 100 to be screwed or 

FIG . 5 is a perspective view of a first surface of an LED otherwise secured into a light socket ( e . g . , the light socket of 
module , in accordance with various embodiments of the a generic lamp , lighting fixture , and / or the like ) , and to 
present invention ; receive electrical energy therethrough . For example , the 

FIG . 6 is a perspective view of a second surface of the base 60 may be an Edison type base , A19 base , and / or the 
LED module shown in FIG . 5 ; like . In various embodiments , the base 60 may be configured 

FIG . 7 is a side view of the LED module shown in FIGS . to physically secure the LED lighting device 100 into a 
5 and 6 ; socket and provide an electrical connection between the 

FIG . 8 is a flowchart illustrating various processes and and 10 driver circuitry ( e . g . , comprising one or more driver circuitry 
procedures that may be completed in manufacturing an LED components 40 ) and a power supply ( e . g . , line voltage , a 
module , in accordance with various embodiments of the battery ) . Some embodiments of the LED lighting device 100 

may not comprise a base . For example , embodiments of the present invention ; LED lighting device that are lamps or lighting fixtures may FIG . 9 is a diagram of a metal sheet that has been die 15 15 comprise a housing that is configured to be mounted to a stamped in order to create peripheral metal boards for use in wall or ceiling or placed on a surface ( e . g . , table , desk , 
LED modules , in accordance with various embodiments of counter , etc . ) . 
the present invention ; In various embodiments , a lamp envelope 70 may be 

FIG . 10 is a schematic diagram of a punching die that may configured to disperse the light emitted by one or more 
be used to create peripheral metal board for use in LED 20 LEDs 30 ( see FIG . 2 ) mounted within the LED lighting 
modules and / or to embed a circuit board within a peripheral device 100 , to enclose the one or more LEDs 30 within the 
metal board , in accordance with various embodiments of the LED lighting device 100 , and / or to provide the LED lighting 
present invention ; device 100 with a particular aesthetic . For example , in 

FIG . 11 is a schematic diagram of the state when the example embodiments , the lamp envelope 70 may be a globe 
punching die shown in FIG . 10 performs the embedding of 25 or bulb . In the illustrated embodiment , the lamp envelope 70 
a circuit board into a peripheral metal board , in accordance is configured to provide the LED lighting device 100 with 
with various embodiments of the present invention ; the appearance of an incandescent light bulb . In various 

FIG . 12 is a schematic diagram of a pressure unit that may embodiments , the lamp envelope 70 may comprise and / or be 
be used in the bonding of a copper foil to a circuit board and configured to accommodate secondary optical components 
a peripheral metal board , in accordance with various 30 configured to condition the light emitted by the one or more 
embodiments of the present invention ; LEDs . In example embodiments , the lamp envelope 70 may 

FIG . 13 is a top view of a housing of an LED lighting be configured such that light emitted by the one or more 
device , in accordance with an embodiment of the present LEDs 30 is incident upon an inside surface of lamp envelope 
invention ; 70 and dispersed outwardly through an outer surface of the 

FIG . 14A is a perspective view of the housing shown in 35 lamp envelope 70 . 
FIG . 13 ; The LED lighting device 100 may also comprise a hous 

FIG . 14B is an exploded view of the housing shown in ing 50 . As shown in FIG . 2 , the housing 50 may comprise 
FIG . 14A ; a metal shell 52 , a plastic housing 51 , and a metal insert 54 . 

FIG . 15 is a perspective view of an LED module secured In various embodiments , the metal shell 52 may be generally 
within an LED lighting device housing , in accordance with 40 conical , funnel , or bell - shaped and thereby define a central 
various embodiments of the present invention ; and opening 53 . A plastic housing 51 may be over molded onto 

FIG . 16 is a flowchart illustrating various processes and the metal shell 52 to provide the LED lighting device 100 
procedures that may be completed in manufacturing an LED with an aesthetically pleasing look and / or to provide the 
lighting device , in accordance with various embodiments of LED lighting device 100 with a look that is similar to the 
the present invention . 45 familiar appearance of an incandescent light bulb . A metal 

insert 54 may be mounted within the central opening 53 and 
DETAILED DESCRIPTION OF VARIOUS configured to have an LED module 90 secured thereto . 

EMBODIMENTS 
II . EXEMPLARY LED MODULE 

The present invention now will be described more fully 50 
hereinafter with reference to the accompanying drawings , in FIGS . 3 - 7 illustrate various view of example LED mod 
which some , but not all embodiments of the inventions are ules 90 that may be incorporated into the LED lighting 
shown . Indeed , these inventions may be embodied in many device 100 . In various embodiments , the LED module 90 
different forms and should not be construed as limited to the comprises a peripheral metal board 10 , a circuit board 20 , 
embodiments set forth herein ; rather , these embodiments are 55 one or more LEDs 30 , one or more driver circuitry compo 
provided so that this disclosure will satisfy applicable legal nents 40 , and connecting wires 35 . In example embodi 
requirements . Like numbers refer to like elements through ments , a blank circuit board 20 is embedded within a 
out . peripheral metal board 10 to provide a composite board . The 

composite board may be configured to structurally support 
I . OVERVIEW 60 one or more driver circuitry components 40 and one or more 

LEDs 30 and to dissipate and / or transfer heat created by the 
A light emitting diode ( LED ) lighting device may be an operation thereof . 

LED light bulb , lamp , lighting fixture or the like . FIG . 1 A copper foil 234 may be adhered to the flush surface of 
shows a perspective view of an example LED lighting the composite board ( e . g . , via a semi - dry adhesive that cures 
device 100 . The illustrated embodiment of a bulb type LED 65 to provide an electric insulating layer ) . An etching process 
lighting device 100 comprises a lamp envelope 70 , a housing may be used to provide traces 233 from the copper foil . In 
50 , and a base 60 . various embodiments , a solder mask ( e . g . , a white solder 
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mask ) is printed on the composite board . One or more driver eral metal board 10 is round ( e . g . , a circle or ellipse ) . For 
circuitry components 40 may be secured to the composite example , the peripheral metal board 10 may be an annulus . 
board in electrical communication with the traces 233 to In an example embodiment , the circuit board 20 defines a 
provide driver circuitry for an LED module 90 . In particular circle ( e . g . , the outer edge of the circuit board 20 ) , the 
the one or more driver circuitry components 40 may be 5 peripheral metal board 10 defines an annulus , and the circle 
secured to sites on the composite board corresponding to the and the annulus are concentric . 
circuit board 20 . Additionally , one or more LEDs 30 may be Once the circuit board 20 is embedded within the embed 
secured to the composite board in electrical communication ding opening 212 , an electric insulation layer 231 ( see FIG . with the traces 233 to be driven by the driver circuitry . In 12 ) is applied to at least the first surface of the composite 
various embodiments , the one or more LEDs 30 are secured 10 board . In various embodiments , the electric insulation layer to sites on the composite board corresponding to the periph 231 may be formed by curing a semi - dry or thermosetting eral metal board 10 . The driver circuitry and the one or more adhesive onto the composite board . For example , a layer of LEDs 30 may be operatively and directly connected via the insulating D3451 semi - dry adhesive may be uniformly copper traces 233 . 

In various embodiments , the peripheral metal board 10 15 coated on the first surface of the composite board . In one 
may comprise an annular disk made of aluminum or other embodiment , the semi - dry adhesive is applied to both the 
light weight metal having appropriate heat transfer proper - first and second surfaces of the composite board . The 
ties , having an embedding opening 212 therethrough . For semi - dry adhesive may further be used to adhere a copper 
example , in one embodiment , the peripheral metal board 10 foil 234 to the composite board . The copper foil 234 may 
is a metal - core printed circuit board ( MCPCB ) . In example 20 then be etched to provide electrical traces 233 for opera 
embodiments , the thickness of the peripheral metal board 10 tively connecting the driver circuitry components 40 , one or 
is generally 0 . 8 - 1 . 5 mm . more LEDs 30 , electrical connecting wires 35 , and / or the 

The circuit board 20 may be a blank circuit board made like . For example , the copper foil 234 may be etched to form 
from FR - 1 , FR - 4 , or other laminated base plate . In various a composite printed circuit board ( PCB ) board . The com 
embodiments , the laminated base plate may be a multi - 25 posite PCB board may then be set with ( a ) one or more 
layered laminated base plate . For example , the laminated driver circuitry components 40 on the portion of the com 
base plate may comprise a metal core such that circuit posite PCB board corresponding to the circuit board 20 and 
boards 20 made from the laminated base plate comprise a ( b ) one or more LEDS on the portion of the composite PCB 
metal core . In various embodiments , the circuit board 20 board corresponding to the peripheral metal board 10 to 
may be and / or may be configured to be Computer Aided 30 form an LED module 90 . This formulation of the LED 
Manufacturing ( CAM ) PCB . In example embodiments , the module 90 allows the heat created by the operation of the 
thickness of the circuit board 20 is generally 0 . 8 - 1 . 5 mm . one or more LEDs 30 to be easily radiated / transported away 

In example embodiments , the circuit board 20 is embed from the one or more LEDs 30 while providing a simplified 
ded within the embedding opening 212 of the peripheral structure for the driver circuitry and connecting the driver 
metal board 10 . In various embodiments , the circuit board 35 circuitry to the one or more LEDs 30 . 
20 is embedded within the embedding opening 212 such that In some embodiments , the one or more LEDs 30 are 
a first surface of the circuit board 20 is generally flush with mounted on traces 233 on a first surface of the composite 
a first surface of the peripheral metal board 10 . In various PCB board and at least some of the driver circuitry compo 
embodiments , the circuit board 20 and the peripheral metal nents 40 are mounted to a second surface of the composite 
board 10 are the same thickness and / or approximately the 40 PCB board . For example , one or more LED chips and / or one 
same thickness , and , thus , the circuit board 20 is embedded or more LED packages may be mounted on the traces 233 
with the embedding opening 212 such that a second surface on the first surface of the composite PCB board at locations 
of the circuit board 20 is also generally flush with a second corresponding to the peripheral metal board 10 . For 
surface of the peripheral metal board 10 . In an example example , as shown in FIG . 7 , at least some of the driver 
embodiment , both the first surfaces of the peripheral metal 45 circuitry components 40 are mounted on the opposite sur 
board 10 and the circuit board 20 and the second surfaces of face of the composite PCB board as the one or more LEDs 
the peripheral metal board and the circuit board are exactly 30 . In example embodiments , some driver circuitry compo 
flush . In various embodiments , if the circuit board 20 has a nents 40 are mounted on first surface of the composite PCB 
metal core , the circuit board 20 is embedded within the board and other driver circuitry components 40 are mounted 
peripheral metal board 10 such that the metal core of the 50 on the second surface of the composite PCB board . For 
circuit board 20 is in thermal communication with the example , larger driver circuitry components 40 may be 
peripheral metal board 10 . mounted to the second surface of the composite PCB board . 

In various embodiments , the shape of the circuit board 20 Such a configuration may prevent the driver circuitry from 
matches the outer shape of the embedding opening 212 such interfering with light emitted by the one or more LEDs 30 . 
that the circuit board 20 may be embedded into the embed - 55 In various embodiments , a circular - shaped peripheral 
ding opening 212 to form the composite board . In various metal board 10 facilitates the placement of the one or more 
embodiments , the circuit board 20 may be round ( e . g . , a LEDs 30 in a circular shape . For example , the embedding 
circle or ellipse ) , although other shapes are also contem opening 212 may be a circular hole coaxial with the periph 
plated . The embedding opening 212 may be shaped and eral metal board 10 , so that the peripheral metal board 10 is 
sized to accommodate the circuit board 20 being embedded 60 in a shape of a circular ring ( e . g . , annulus ) , and the one or 
therein . In example embodiments , the circuit board 20 is more LEDs 30 are set around the surface of the peripheral 
press - fitted into the embedding opening 212 . In such metal board 10 of circular shape . Such placement of the one 
embodiments , the size of the embedding opening 212 is or more LEDs 30 may be favorable for providing uniform 
approximately the size of the circuit board 20 . In various light emitting of the LED module 90 ( and therefor the LED 
embodiments , the circuit board 20 may be secured within the 65 lighting device 100 ) , leads to increased uniformity in heat 
embedding opening 212 with adhesive in place of and / or in radiation of the heat created by the operation of the one or 
addition to press - fitting . In various embodiments , the periph - more LEDs 30 , and at the same time , facilitates embedding 
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of the circuit board 20 into the embedding opening 212 of FIGS . 10 and 11 illustrate an example punching die that 
the peripheral metal board 10 . may be used to die stamp the peripheral metal board 10 

In some embodiments , the periphery of the embedding and / or circuit board 20 and / or embed a circuit board 20 into 
opening 212 is set with semi - circular protrusions 213 , and embedding opening 212 . As shown in FIG . 10 , in various 
the said circuit board 20 is set with semi - circular notches 5 embodiments , the punching die comprises the upper die 240 
223 along its periphery to be adapted to the semi - circular and the lower die 250 . The upper die 240 comprises the 
protrusions 213 . The semi - circular notches 223 of the circuit upper die holder 241 connected to the press , the punch 242 
board 20 may be configured to engage with the semi - circular fixed to the upper die holder and the cylindrical sliding bar 
protrusions 213 of the peripheral metal board 10 , which may 244 . The punch 242 comprises the punch main body 243 
enable accurate positioning between the circuit board 20 and 10 used to form the embedding opening 212 of the peripheral 
the peripheral metal board 10 and may be favorable for metal board 10 . The lower surface of the punch main body 
increasing the engagement force between the circuit board 243 is higher than the lower surface of other parts of the 
20 and the peripheral metal board 10 to enhance the strength punch 242 . The lower part of the upper die holder 241 is also 
of the composite board . In some embodiments , the outer set with a stripper 246 . The stripper 246 is set with the punch 
edge of the circuit board 20 and the inner edge of the 15 lead hole 247 adapted to the punch 242 to form a sliding 
embedding opening 212 may be a circular ( e . g . , without any connection with the punch . The stripper 246 may also be set 
notches or protrusions ) . with the bar lead hole 248 adapted to the vertical sliding bar 

In various embodiments , one or more alignment notches 244 , so that the stripper 246 can move up and down under 
96 are disposed on the outer edge of the peripheral metal the guide of the sliding bar 244 . In addition , the lower end 
board 10 and / or one or more attachment holes 98 are 20 of the sliding bar 244 is set with a protruding ring to form 
disposed near the periphery of the peripheral metal board 10 . the hook 245 that can hook and hang the stripper 246 . An 
The alignment notches 96 may be configured to assist in the elastic component 256 is set between the stripper 246 and 
aligning of the LED module 90 into the appropriate position the upper die holder 241 , so that the stripper is suspended at 
within an LED lighting device 100 . In example embodi - the hook 245 of the lower end of the sliding bar 244 . In the 
ments , the attachment holes 98 may be configured to assist 25 state of the die stamp shown in FIG . 10 , the lower end of the 
in the aligning and / or securing the LED module 90 to the punch 242 is located inside the punch lead hole 247 . The 
LED lighting device 100 . counterbore 249 may be set at the lower end of the bar lead 

In various embodiments , the circuit board 20 embedded hole of the stripper 246 so that the position of the hook 245 
within the metal disk 10 provides for driver circuitry com - of the sliding bar 244 can be limited to inside the counter 
ponents 40 to be mounted to both the first surface and the 30 bore 249 . The lower die 250 of the punching die comprises 
second surface of the circuit board 20 . Driver circuitry the lower die holder 251 connected to the press and the 
components 40 mounted to the second surface of the circuit lower die plate 253 set on the lower die holder . The lower die 
board 20 may extend into housing 50 of LED lighting device plate 253 is set with the primary punch die hole 254 adapted 
100 . to the punch 242 . The vertically upward guide post 252 is set 

35 at the edge angle of the lower die holder 251 . The guide 
III . EXEMPLARY METHOD OF sleeve 255 adapted to the guide post 252 is then respectively 

MANUFACTURING AN LED MODULE set on the lower die plate 251 , the stripper 246 , and the upper 
die holder 241 , so that the upper die holder , the stripper , the 

FIG . 8 provides a flowchart illustrating an example lower die plate , and the lower die holder can be accurately 
method of manufacturing an LED module 90 . Starting at 40 positioned together through use of the guide post 252 . 
step 302 , the peripheral metal board 10 may be die cut . For Additionally , an elastic component 256 may be set between 
example , a sheet of metal ( e . g . , aluminum ) may be die cut the lower die plate 253 and the lower die holder 251 . A 
to form one or more peripheral metal boards 10 . For pressure spring or resilient block made of polyurethane are 
example , as shown in FIG . 9 , in various embodiments , a examples of the elastic component 256 that may be set 
punching die is used to die stamp one or more peripheral 45 between the stripper 246 and the upper die holder 241 and / or 
metal boards 10 of annular shape in a rectangular array on between the lower die plate 253 and the lower die holder 
a metal sheet 201 ( e . g . , with thickness of 0 . 8 - 1 . 5 mm ) . In an 251 . In addition , in various embodiments , the punching die 
example embodiment , the outer edges of two adjacent further comprises an elevation die plate 270 . The elevation 
peripheral metal boards 10 are connected through the con - die plate is set with the secondary punch die hole 271 
nection strips 215 with width of 0 . 5 - 1 mm . To facilitate 50 adapted to the punch main body 243 , and the edge angle of 
subsequent processing of the metal sheet 201 , locating holes the elevation die plate is set with the guide sleeve 255 
214 may also be die stamped at the diagonal positions of the adapted to the guide post 252 . 
metal sheet 201 when peripheral metal boards 10 are die When die stamping the metal sheet 201 , the metal sheet 
stamped on the metal sheet 201 . is first positioned on the lower die 250 , the press is then 

At step 304 , a blank circuit board 20 is press fit into the 55 started to make the upper die 240 move downward , the 
embedding opening 212 of the peripheral metal board 10 . stripper 246 of the upper die first presses the metal sheet , the 
For example , circuit board 20 adapted to the embedding elastic component 256 between the stripper and the upper 
opening in outer shape and of thickness equal to that of die holder 241 is compressed , the punch extends out of the 
peripheral metal board 10 is obtained by way of die stamp - punch lead hole to work with the primary punch die hole of 
ing a laminated base plate ( e . g . , an FR - 1 , FR - 4 , multi - 60 the lower die plate to die stamp peripheral metal boards 10 
layered metal core laminated base plate , and / or the like ) . A interconnected with connection strips on the metal sheet , the 
circuit board 20 may then be embedded within at least punch main body knocks out the embedding opening 212 on 
one / each embedding opening 212 on the metal sheet 201 the peripheral metal board 10 , and the lower die plate also 
such that the first surface of the circuit board 20 is flush with moves downward under pressure . 
the first surface of the peripheral metal board 10 and the 65 Next , the upper die 250 moves upward to return to the 
second surface of the circuit board 20 is flush with the original position , the elastic component 256 between the 
second surface of the peripheral metal board 10 . stripper 246 and the upper die holder 241 makes the stripper 
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continue its tight attachment to the lower die plate 253 to 20 into the plurality of peripheral metal boards 10 die 
make the stripper and the upper die holder separate , and at stamped from the metal sheet 201 . 
this time , the punch retracts again into the punch lead hole At step 308 , the semi - dry adhesive is cured to form the 
247 of the stripper , the die - stamped metal sheet 201 stays on electric insulating layer 231 . For example , constant pressure 
the lower die 250 , and with the continued upward movement 5 may be applied to the surface of the copper foil , which is 
of the upper die 240 , the sliding bar 244 makes the stripper baked at a temperature of 1300 - 180° C . for 45 - 60 minutes , 246 move upward synchronously and mutually separate so that the layer of semi - dry adhesive 311 is cured and forms 
from the die - stamped metal sheet 201 , and the lower die an electric insulating layer 231 . For example , as shown in plate 253 moves upward to return to the original position . FIG . 12 , a plurality of metal sheets 201 bonded with the 

Then , as shown in FIG . 11 , the die - stamped metal sheet 10 copper foil 233 through the semi - dry adhesive 232 may be 201 is covered with the elevation die plate 270 , and at this stacked on a bearing platform 280 in a sealed drying room . time , the guide sleeve 255 of the elevation die plate covers 
the guide post 252 of the lower die holder 251 , so that the The bearing platform may be set with the locating post 
secondary punch die hole 271 of the elevation die plate is corresponding to the locating hole 214 of the metal sheet , 
accurately positioned with the punch main body 243 above 15 and in this way , the locating hole of the metal sheet 201 is 
and the embedding opening 212 of the peripheral metal set as a sleeve on the locating post of the bearing platform 
board 10 below . Then the laminated base plate of the same 280 , so that accurate positioning can be kept for each layer 
thickness of the peripheral metal board 10 is placed on the of the metal sheets in between . Resilient sleeper bearings 
elevation die plate 270 , the press is started again to make the 290 made of high temperature - resistant silica gel may be 
upper die 240 move downward . The stripper 246 of the 20 laid between adjacent metal sheets 201 . The thickness of the 
upper die first presses the laminated base plate , the punch resilient sleeper bearing may be 1 - 1 . 5 mm , and a layer of 
extends out of the punch lead hole 247 , the punch main body resilient sleeper bearing 290 may also be laid under the 
243 in the punch works with the secondary punch die hole bottom - layer metal sheet 201 . The top - layer metal sheet 201 
271 of the elevation die plate 270 to die stamp a mutually is then covered on the top with the flexible fluid bag 295 
separated , blank circuit board 20 from the laminated base 25 filled inside with liquid . The flexible fluid bag 295 is flat and 
plate . The circuit board 20 continues to move downward rectangular in shape , and the size of the flexible fluid bag 
under the drive of the punch main body 243 and is exactly should be able to cover a whole sheet of copper foil 233 . In 
embedded into the embedding opening 212 corresponding to addition , the flexible fluid bag is set on the top with the 
the peripheral metal board 10 at the lower die 250 to form pressure unit 260 . The pressure unit comprises the pressure 
the composite board . In various embodiments , the height 30 plate 261 covering the flexible fluid bag 295 as well as the 
difference between the punch main body 243 and other parts oil cylinder 262 above the pressure plate . The vertically 
of the punch is equal to the sum of the thicknesses of the downward piston rod of the oil cylinder 262 is connected to 
elevation die plate 270 and the peripheral metal board 10 , the pressure plate 261 . In this way , when the oil cylinder 262 
which thus makes sure that the circuit board 20 embedded is operated , the piston rod can apply a pressure to the flexible 
into the embedding opening 212 of the peripheral metal 35 fluid bag 295 through the pressure applied . The fluid in the 
board 10 is exactly flush with the first and second surfaces flexible fluid bag 295 can transmit uniformly and consis 
of the peripheral metal board 10 . tently the pressure applied by the pressure unit to the top 

At this time , other parts of the punch abut on the lami - layer of the stacked metal sheets 201 , so as to avoid 
nated base plate , so as to push the lower die plate 253 to inconsistency of pressure at various places of the metal 
move downward under pressure through the stacked lami - 40 sheets resulting from tiny errors of parallelism between the 
nated base plate , elevation die plate 270 and die - stamped pressure plate 261 and the top - layer metal sheet . When tiny 
metal sheet 201 . The composite board inside the primary protuberances and impurities exist between two layers of 
punch die hole 254 of the lower die plate 253 moves metal sheets 201 , because protuberances and impurities will 
downward synchronously , and accordingly , the stripper of be trapped in the resilient sleeper bearing 290 , the resilient 
the lower die plate also abuts on the laminated base plate so 45 sleeper bearing may thus ensure that pressure can be uni 
as to be flush with other parts of the punch . formly and consistently transmitted between two layers of 

Finally , the upper die 240 moves upward again to return metal sheets 201 , so as to apply a constant pressure on each 
to the original position , the stripper 246 is separated from the layer of metal sheets and ensure that the copper foil 233 can 
upper die holder 241 , the punch retracts again into the punch be reliably bonded to the metal sheet through semi - dry 
lead hole 247 of the stripper 246 . The die - stamped metal 50 adhesive 232 . 
sheet 201 comprising a plurality of peripheral metal boards At step 310 , traces 233 are etched in the copper foil 234 
10 each and / or at least some of which have a circuit board to provide a composite PCB board . For example , traces 233 
20 embedded therein stays on the lower die , so that a for operatively connecting the driver circuitry components 
plurality of composite boards formed through the intercon 40 and / or the one or more LEDs 30 may be etched from the 
nection of the composite boards by the connection strips 214 55 copper foil 234 . For example , etching treatment is per 
is obtained . formed on the copper foil 234 on the surface of the com 

Returning to FIG . 8 , at step 306 , a copper foil is adhered posite board component according to a circuit diagram for 
to the composite board using a semi - dry adhesive . For the LED module 90 , so that copper traces 233 for purpose 
example , layer of insulating semi - dry adhesive 311 is uni - of electric conduction is formed on the composite board . For 
formly coated on at least the first surface of the plurality of 60 example , an etching treatment may be performed on the 
composite boards formed in the die stamped metal sheet copper foil 234 to create traces 233 for the driver circuitry 
201 . For example , a layer of insulating D3451 semi - dry at a location on the composite PCB board corresponding to 
adhesive may be uniformly coated on the first surface of the the circuit board 20 , traces 233 for mounting one or more 
peripheral metal board 10 and circuit board 20 embedded LEDs 30 at a location on the composite PCB board corre 
therein . The semi - dry adhesive may be used to adhere a 65 sponding to the peripheral metal board 10 , and traces 233 for 
whole sheet of copper foil to the plurality of composite operatively connecting one or more driver circuitry compo 
boards formed from embedding a plurality of circuit boards nents 40 and one or more LEDs 30 . 
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In embodiments where a plurality of composite PCB various embodiments , additional circuit components may be 
boards are formed using a metal sheet 201 , the connection present in the driver circuitry . Similarly , in various embodi 
strips 215 that connect each of the composite PCB boards ments , all or some of the circuit portions mentioned here 
are cut off , so that individual composite PCB boards are may not be present in the driver circuitry . In some embodi 
formed . Because the cross - section of the connection strip 5 ments , circuit portions listed herein as separate circuit por 
215 is relatively small , in some embodiments , the composite tions may be combined into one circuit portion . As should be 
boards may be manually twisted off . In some embodiments , appreciated , a variety of driver circuitry configurations are 
all the connection strips 215 on the whole metal sheet 201 generally known and understood in the art and any of such 
can be cut off at one time by way of die stamping , thereby may be employed in various embodiments as suitable for the 
greatly enhancing the production efficiency . 10 intended application , without departing from the scope of 
At step 312 , one or more driver circuitry components 40 the present invention . 

are operatively mounted to the composite PCB board at a The one or more LEDs 30 may be of various color 
location corresponding to the circuit board 20 . For example , temperatures or various colors . In various embodiments , the 
one or more driver circuitry components 40 are set on the one or more LEDs 30 may be blue LEDs using phosphor to 
composite PCB board at a site corresponding to the circuit 15 convert blue light to white light . In other embodiments , at 
board 20 . For example , one or more driver circuitry com - least one of the one or more LEDs 30 may be a colored LED , 
ponents 40 may be disposed on traces 233 on the circuit such as a red , blue , green , or other colored LED . In various 
board 20 to provide a driver circuitry configured to drive / embodiments , different LEDs 30 secured within the same 
operate one or more LEDs . In example embodiments , at LED module 90 may have different color temperatures . In 
least some of the one or more driver circuitry components 40 20 other embodiments , all LEDs 30 in the LED module 90 are 
are mounted on a second surface of the composite PCB designed to have approximately the same color temperature . 
board . In various embodiments , at last one of the one or For each embodiment , the color temperature of the one or 
more driver circuitry components 40 is mounted on the first more LEDs 30 may be chosen as appropriate for the 
surface of the composite PCB board . expected use of the LED lighting device 100 . 

At step 314 , one or more LEDs 30 ( e . g . , one or more LED 25 The LED module 90 may be configured to be secured to 
chips and / or one or more LED packages ) are operatively and / or within housing 50 . For example , as shown in FIGS . 
mounted to the composite PCB board at a location corre 2 , 13 , 14A , 14B , and 15 , the housing 50 may comprise a 
sponding to the peripheral metal board 10 . For example , one metal shell 52 with a plastic housing 51 molded thereover 
or more LEDs 30 are set on the composite PCB board at a ( e . g . , via over molding ) . In example embodiments , the metal 
site corresponding to the peripheral metal board 10 . For 30 shell 52 may be generally conical , funnel , or bell - shaped and 
example , one or more LEDs 30 may be set on traces 233 on define a central opening 53 therein . In example embodi 
the peripheral metal board 10 . The traces 233 formed from ments , the overall shape is the same or similar to standard 
the conductive copper foil 234 may be configured to opera - lamp form factors . The housing 50 may further comprise a 
tively connect the one or more LEDs 30 mounted on the metal insert 54 secured within the central opening 53 and / or 
portion of the composite PCB board corresponding to the 35 within the mouth of the central opening . In various embodi 
peripheral metal board 10 and the one or more driver ments , the metal insert 54 may be configured to secure the 
circuitry components 40 mounted on the portion of the LED module 90 to the housing 50 ( e . g . , within the central 
composite PCB board corresponding to the circuit board 20 . opening 53 and / or approximately flush with the mouth of the 
In various embodiments , the one or more LEDs 30 are central opening 53 ) and place the LED module 90 in thermal 
mounted on a first surface of the composite PCB board . 40 communication with the metal shell 52 . For example , the 

metal shell 52 may be configured to act as a heat sink for the 
IV . EXEMPLARY LED LIGHTING DEVICE LED lighting device 100 . In various embodiments , the metal 

insert 54 and the metal shell 52 may be one piece of metal 
In various embodiments , an LED lighting device 100 may and / or integrally formed with the metal shell 52 . In other 

be an LED light bulb , an LED lamp , an LED lighting or 45 embodiments , the metal insert 54 and metal shell 52 are 
lamp fixture , and / or the like . As shown in FIGS . 1 and 2 , formed separately and the metal insert 54 is then secured 
various embodiments of an LED lighting device 100 com - within the central opening 53 of the metal shell 52 . For 
prise a base 60 , a housing 50 , an LED module 90 , and a lamp example , the metal insert 54 may be press - fitted and / or 
envelope 70 . adhered within the central opening 53 of the metal shell 52 . 

In general , the LED module 90 comprises one or more 50 For example , FIG . 14B shows an exploded view of the 
LEDs ( e . g . , one or more LED chips and / or one or more LED housing 50 before the ring or annulus shaped metal insert 54 
packages ) and the circuitry required for operating the one or is secured within the central opening 53 and FIG . 14A shows 
more LEDs . An example LED module 90 that may be used a perspective view of the housing 50 after the ring or annulus 
in an LED lighting device 100 is described above . In various shaped metal insert is press - fitted into the central opening 53 
embodiments , the one or more LEDs 30 may be an alter - 55 of the metal shell 52 . 
nating current ( AC ) driven LED . In other embodiments , the As described above , the LED module 90 may comprise 
one or more LEDs 30 may be a direct current ( DC ) driven one or more alignment notches 96 and / or one or more 
LED . In some embodiments , no driver circuitry is necessary attachment holes 98 . The metal insert 54 and / or a portion of 
to operate the one or more LEDs 30 . the metal shell 52 may comprise corresponding alignment 

In various embodiments , the driver circuitry ( e . g . , com - 60 posts 56 and / or attachment holes 58 . For example , the one 
prising one or more driver circuitry components 40 ) may or more alignment notches 96 may be configured to engage 
comprise a circuit portion configured to convert AC voltage one of the one or more alignment posts 56 therein when the 
into DC voltage . In some embodiments , the driver circuitry LED module 90 is secured to metal insert 54 . In another 
may comprise a circuit portion configured to control the example , the one or more attachment holes 98 of the LED 
current flowing through the one or more LEDs 30 . In certain 65 module 90 may be configured to align with a corresponding 
embodiments , the driver circuitry may comprise a circuit attachment hole 58 of the metal insert 54 such that a fastener 
portion configured to dim the one or more LEDs 30 . In 59 ( e . g . , a screw , rivet , and / or the like ) may be threaded 
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and / or disposed therein for securing the LED module 90 to connected to a power supply ( e . g . , line voltage , batteries , 
the metal insert 54 . Thus , the LED module 90 may be etc . ) , and / or the like . Additionally , the base 60 may be 
quickly and easily aligned to the metal insert 54 and / or metal secured to the housing 50 . 
shell 52 and secured thereto . At step 408 , the lamp envelope 70 may be secured to the 

In various embodiments , the LED lighting device 100 5 housing 50 . For example , the lamp envelope 70 may be 
may define a symmetry axis . For example , the exterior of the secured to the housing 50 such that the LED module 90 is 
LED lighting device 100 may define an axis of rotational enclosed in the central opening 53 by the lamp envelope 70 . 
symmetry . For example , the cross - section of the base 60 , In various embodiments , the lamp envelope 70 may be 
housing 50 , and lamp envelope 70 perpendicular to a sym - snapped onto , threaded onto , glued onto , and / or otherwise 
metry axis may all be approximately circular . For example , 10 secured to the housing 50 . 
the housing 50 may define an axis along the length of the 
housing 50 . The composite board ( e . g . , the peripheral metal VI . CONCLUSION 
board 10 with the circuit board 20 embedded therein ) defines 
a plane . In example embodiments , when the LED module 90 Many modifications and other embodiments of the inven 
is secured within the housing 50 , the plane defined by the 15 tions set forth herein will come to mind to one skilled in the 
composite board may be perpendicular to the axis of the art to which these inventions pertain having the benefit of the 
housing and / or LED lighting device 100 . For example , in teachings presented in the foregoing descriptions and the 
FIG . 15 , the axis of the housing 50 may be coming out of the associated drawings . Therefore , it is to be understood that 
page and the plane defined by the LED module 90 is in the the inventions are not to be limited to the specific embodi 
plane of the page . 20 ments disclosed and that modifications and other embodi 
As shown in FIGS . 6 and 7 , the LED module may m ents are intended to be included within the scope of the 

comprise connecting wires 35 . The connecting wires 35 may appended claims . Although specific terms are employed 
be in electrical communication with one or more driver herein , they are used in a generic and descriptive sense only 
circuitry components 40 ( e . g . , via traces 233 ) . The connect - and not for purposes of limitation . 
ing wires 35 may be configured to provide an electric current 25 
( e . g . , from line voltage , a battery , etc . ) to the driver circuitry That which is claimed : 
of the LED module 90 . In various embodiments , the con 1 . A light emitting diode ( LED ) lighting device compris 
necting wires 35 may be secured to electrical contacts on the ing : 
base 60 such that when the LED lighting device 100 is a housing comprising a metal shell and a central opening , 
secured within a socket , the driver circuitry of the LED 30 said central opening being defined by said metal shell ; 
module 90 is placed in electrical communication with a 
power source ( e . g . , line voltage , a battery , etc . ) . an LED module having one or more LEDs mounted about 

a periphery of a first surface of the LED module , 
V . EXEMPLARY METHOD OF wherein : 

MANUFACTURING AN LED LIGHTING 35 the LED module comprises a double - sided circuit 
DEVICE board , a first driver circuit component , and a second 

driver circuit component , the first driver circuit com 
FIG . 16 provides a flowchart of an exemplary method of ponent mounted to a first surface of the double - sided 

manufacturing an LED lighting device 100 . Starting at step circuit board and the second driver circuit compo 
402 , an LED module 90 is prepared . In example embodi - 40 nent mounted to a second surface of the double - sided 
ments , an LED module 90 may be prepared as described circuit board , the second surface being opposite said 
above with respect to FIG . 8 . first surface , 
At step 404 , the LED module 90 may be secured within the LED module is oriented and retained , at least in 

the central opening 53 of the housing 50 . For example , the part , within the central opening of the housing such 
LED module 90 may be secured to the metal insert 54 such 45 that the first surface faces out of the central opening , 
that the driver circuitry components 40 mounted to the and 
second surface of the composite board are disposed within the LED module is secured to the housing via the metal 
the central opening 53 of the housing 50 and the one or more shell . 
LEDs 30 are positioned to emit light in a direction generally 2 . The LED lighting device according to claim 1 , wherein 
outward from the central opening 53 . Any alignment notches 50 the housing further comprises a metal insert arranged adja 
96 of the LED module 90 may be aligned with the corre cent the central opening of the housing , the metal insert 
sponding alignment posts 56 of the metal insert 54 and any comprising a second central opening . 
attachment holes 98 of the LED module 90 may be aligned 3 . The LED lighting device according to claim 2 , wherein 
with corresponding attachment holes 58 of the metal insert the second central opening is concentric with the central 
54 . Fasteners 59 may then be used to secure the LED module 55 opening of the housing . 
90 to the housing ( e . g . , the metal insert 54 ) . In some 4 . The LED lighting device according to claim 2 , wherein 
embodiments a thermal grease may be used to secure the the LED module is secured to the metal insert . 
LED module 90 to the housing 50 and / or to ensure good 5 . The LED lighting device according to claim 2 wherein 
thermal communication between the peripheral metal board the metal insert is press - fitted within the central opening of 
10 of the LED module 90 and the metal insert 54 and / or 60 the housing . 
metal shell 52 . 6 . The LED lighting device according to claim 2 wherein 

At step 406 , the LED module 90 may be electrically the LED module is in thermal communication with either the 
connected to the base 60 . For example , the connecting wires metal shell , the metal insert , or both . 
35 may be electrically connected to electrical contacts of the 7 . The LED lighting device according to claim 1 , wherein 
base 60 . For LED lighting devices 100 that do not comprise 65 the LED module further comprises : 
a base 60 , the connecting wires 35 may be electrically a peripheral metal board abutting and about said circuit 
connected to other circuitry of the LED lighting device 100 , board ; 
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an electrical insulation layer on said double - sided circuit one or more driver circuitry components mounted to 
board and on said peripheral metal board ; the second surface of the composite board and within 

electrical traces on said electrical insulation layer ; and the first portion of the composite board correspond 
one or more LEDs operatively mounted on said peripheral ing to the circuit board ; and 
metal board . one or more LEDs mounted to the first surface of the 

8 . The LED lighting device according to claim 1 wherein composite board and about a periphery of a second 
said housing further comprises a plastic housing that is portion of the composite board corresponding to the 
over - molded onto said metal shell . peripheral metal board . 

9 . The LED lighting device according to claim 1 wherein 14 . A light emitting diode ( LED ) lighting device com 
said housing defines an axis along a length of said housing , 10 pris 
and wherein said LED module is configured to be oriented a housing comprising a metal shell and a central opening , 
perpendicular to the axis of said housing . said central opening defined by said metal shell ; and 

10 . The LED lighting device according to claim 1 wherein an LED module comprising : 
said LED module further comprises a peripheral metal board one or more LEDs , 
abutting and about said circuit board , said one or more LEDs 15 a double - sided circuit board , and 
mounted to a first surface of said peripheral metal board . a peripheral metal board abutting and about said 

11 . The LED lighting device according to claim 10 double - sided circuit board , wherein : 
wherein an outer edge of said circuit board defines a first said one or more LEDs mounted to a first surface of 
circle and an outer edge of said peripheral metal board said peripheral metal board , 
defines a second circle and wherein said first circle and said 20 the LED module is oriented and retained , at least in 
second circle are concentric . part , within the central opening of the housing such 

12 . The LED lighting device according to claim 1 , that the first surface faces out of the central opening , 
wherein said LED module comprises a peripheral metal and 

board abutting and about said double - sided circuit board , the LED module is secured to the housing via the metal 
wherein said double - sided circuit board is a multi - layered 25 shell . 
circuit board having a metal core and wherein said periph 15 . The LED lighting device according to claim 14 . 
eral metal board is in thermal communication with said wherein the housing further comprises a metal insert 

arranged adjacent the central opening of the housing , the metal core . 
13 . A light emitting diode ( LED ) lighting device com metal insert comprising a second central opening . 

prising : 30 16 . The LED lighting device according to claim 15 , 
a housing comprising : wherein the second central opening is concentric with the 

a metal shell defining a central opening of the housing ; central opening of the housing . 
a plastic housing over molded onto the metal shell ; and 17 . The LED lighting device according to claim 15 
a metal insert mounted adjacent and concentric to the wherein the LED module is in thermal communication with 

central opening of the housing ; and 35 either the metal shell , the metal insert , or both . 
an LED module mounted , at least in part , within the 18 . The LED lighting device according to claim 14 

central opening of the housing and comprising : wherein said housing further comprises a plastic housing 
a composite board having a first surface and a second that is over - molded onto said metal shell . 

surface opposite the first surface , the composite 19 . The LED lighting device according to claim 14 
board comprising : 40 wherein said housing defines an axis along a length of said 

housing , and wherein said LED module is configured to be a peripheral metal board having an embedding open 
ing ; and oriented perpendicular to the axis of said housing . 

a circuit board embedded within the embedding 20 . The LED lighting device according to claim 14 , 
opening of the peripheral metal board ; wherein said double - sided circuit board is a multi - layered 

one or more driver circuitry components mounted to 45 City d to 45 circuit board having a metal core and wherein said periph 
eral metal board is in thermal communication with said the first surface of the composite board and within a metal core . first portion of the composite board corresponding to 

the circuit board ; ? * 


