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FLEXIBLE HIGH-POWER LED LIGHTING SYSTEM

BACKGROUND

[0001] Light emitting diodes (LEDs) are employed as a basic lighting structure
in a variety of forms, such as outdoor signage and decorative lighting.
LED-based light strings have been used in channel letter systems, architectural
border tube applications, under cabinet lighting applications, and for general
illumination, many times to replace conventional neon or fluorescent lighting.
[0002] Known attempts to provide a lighting system that can replace neon or
fluorescent lighting includes mechanically affixing an LED light source to a
flexible electrical cord. Other known .systems mount LEDs on printed circuit
boards that are connected to one another by electrical jumpers. These known
high-power LED products require mounting to conductive surfaces to dissipate
the heat generated from the LED and are susceptible to mechanical and
electrical failures due to external forces or poor installation techniques. These
known systems also have limited flexibility and have limited lineal resolution.
Furthermore, some of these systems are not user serviceable to replace
individual LEDs or LED modules. '

[0003] Accordingly, it is desirable to provide an LED light engine that
overcomes the aforementioned shortcomings.

SUMMARY

[0004] A string light enginé includes a flexible power cord, a heat sink, an IDC
terminal, a PCB, and an LED. The flexible power cord includes an electrical wire
and an insulating material for the wire. The heat sink attaches to the power
cord. The IDC terminal is inserted through the insulating material and eléctrically
communicates with the wire. The PCB is at least partially received in the heat
sink. The PCB includes a first surface having circuitry and a second surface
' ’ opposite the first surface. The circuitry is in electrical communication with the
IDC terminal. The second surface is abutted against a surface of the heat sink
so that heat is transferred from the LED into the heat sink. The LED mounts to

the first surface of the PCB and is in electrical communication with the circuitry.



WO 2007/047398 PCT/US2006/039967

[0005] A method of manufacturing a string light engine includes the following
steps: inserting an IDC terminal into a flexible power cord; mechanically
attaching the IDC terminal to an electrical connector disposed on a first surface
of a PCB; and inserting the PCB into a heat sink. The electrical connector
comprises at least one of an electrical receptacle and a male terminal and the
IDC terminal provides electrical communication between the flexible power cord
and an LED mounted on the first surface of the PCB.

[0006] A string light engine includes a flexible power cord and a plurality of
LED modules attached to the power cord. The flexible power cord includes a
first wire and second wire. Each module includes a thermally conductive PCB,
an LED, a heat conductive first housing portion, an electrically insulative second
housing portion, and an IDC terminal. Thé thermally conductive PCB has
circuitry printed on a first surface. The LED mounts to the first surface of the
PCB and is in electrical communication with the circuitry. The heat conductive
first housing portion receives the PCB. The electrically insulative second
housing portion connects to the first housing portion. The second housing
portion retains the PCB against a surface of the first housing portion. The IDC
terminal operatively connects to the PCB and is inserted into the insulating
material of the power cord such that the LED is in electrical communication with
the first wire via the IDC terminal.

BRIEF DESCRIPTION OF THE FIGURES

[0007] FIGURE 1 is a perspective view of an LED light engine.

[0008] FIGURE 2 is an exploded view of an LED module of the LED light
engine of FIGURE 1.

[0009] FIGURE 3is an exploded view of a wire-socket assembly of the LED
light engine of FIGURE 1.

[0010] FIGURE 4 is a view of the connection between the LED module and
the wire-socket assembly of the LED light engine of FIGURE 1.

[0011] FIGURE 5 is a plan view of one LED module attached to one
wire-socket assembly of the light engine of FIGURE 1.
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[0012] FIGURE 6is a side elevation view of one LED module attached to one
wire-socket assembly of the LED light engine of FIGURE 1.

[0013] FIGURE 7 an end elevation view of one LED module attached to one
wire-socket assembly of the light engine of FIGURE 1.

[0014] FIGURE 8 illustrates the light engine of FIGURE 1 disposed in a
channel letter housing.

[0015] FIGURE 9 is a perspective view of an alternative embodiment of a
flexible LED light engine.

[0016] FIGURE 10 is a perspective view of an LED module of the light engine
depicted in FIGURE 9.

[0017] FIGURE 11 is an exploded view of a portion of the LED module of
FIGURE 10.

[0018] FIGURE 12is a front elevation view of a heat sink of the LED module
of FIGURE 10.

[0019] FIGURE 13 is a first perspective view of a PCB retainer of the LED
module of FIGURE 10.

[0020] FIGURE 14 is a second perspective view, opposite the first
perspective view, of the PCB retainer shown in FIGURE 13.

[0021] FIGURE 15 is a perspective view of a terminal holder and terminals
removed from the terminal holder for the LED module depicted in FIGURE 10.
-[0022] FIGURE 16 is a side elevation view of the terminal holder and
accompanying terminals disposed in the terminal holder of FIGURE 15.
[0023] FIGURE 17 is a perspective view of a cover of the LED module of
FIGURE 10.

[0024] FIGURE 18 is an end elevation view of the cover shown in FIGURE
17.

DETAILED DESCRIPTION

[0025]  With reference to FIGURE 1, a light emitting diode (LED) light engine
10 includes a flexible electrical cable 12, a wire-socket assembly 14 attached to
the flexible electrical cable and an LED module 16 that selectively attaches to

the wire-socket assembly. The light engine 10 can mount to a variety of different
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structures and can be used in a variety of different environments, some
examples include channel letter and box sign illumination (FIGURE 8), cove
lighting, and under cabinet accent lighting to name a few.
[0026] Referring to FIGURE 2, the flexible electrical cable 12 includes a
plurality of conductors 18, 22 and 24 surrounded by an insulating covering 26.
Three conductors are depicted in the figures; however, the cable can include a
several to many wires, where some of the wires may deliver power and some
may deliver electronic signals or the like. Preferably, the conductors are 14
American wire gage (AWG) or 16 AWG; however, wire of other thickness can be
used. With electricity running through the cable, the conductors can be referred
| to as a positive conductor 18, a negative conductor 24 and a series conductor
22 The conductors 18, 22, and 24 electrically connect to a power supply (not
shown), w‘hich can include a low voltage output power supply, to provide voltage
to the LED modules 16 for illumination. The conductors 18, 22, and 24 run
parallel to a longitudinal axis of the cable 12 and are aligned with one anotherin
aplane. Such an orientation allows the cable 1210 easily bend when placed on
an edge that intersects the plane, e.g. the thinner edge of the cable in FIGURE
2 The cable 12 also includes V-shaped grooves 28 and 32 formed in the
insulating covering 26. The grooves 28 and 32 run longitudinally along the cable
12 parallel to the conductors 18, 22 and 24. The grooves 28 and 32 are situated
between adjacent conductors 18, 22 and 24.
[0027] In alternative embodiments, power can be delivered to the LED
modules 16 via other power supply systems. For example, the wire-socket
assembly 14, which in this instance may be referred to as a mount or mounting
assembly, can attach to a flexible circuit, e.g. copper traces on a flexible
material, or a lead frame, e.g. an insulated lead frame formed from a stamped
metal electrical bus. The flexible circuits and the lead frames can be connected
to one another by wires, electrical jumpers or the like.
[0028] As seen in FIGURE 3, the wire-socket assembly 14 includes a cover
34, a base 36 and insulation displacement connection (IDC) terminals 38 and
42. The wire-socket assembly 14 allows LED module 16 to selectively attachto

the electrical cable 12. Accordingly, the wire-socket assembly 14 can be
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referred to as a mount, a portion of a mount or a mounting assembly. In the
embodiment depicted in the figures, the wire-socket assembly 14 plugs into the
LED module 16, which allows for easy replacement of the LED module. In
alternative ‘embodiments, the LED module 16 can plug into the wire-socket
assembly 14, or the LED module 16 can selectively attach to the wire-socket
assembly 14 in other conventional manners. With these types of connections,
replacement of one LED module 16 on the light engine 10 can be made without
exposing the conductor wires 18, 22 and 24 of the electrical cable 12.

[0029] The cover 34 includes a generally backwards C-shaped portion 52 that
fits around the electrical cable 12. An upper portion 54 of the cover 34 has a pair
of openings 56 and 58 that are used when connecting the cover to the base 36.
A lower portion 62 of the cover includes a slot 64. The lower portion 62 is parallel
to and spaced from the upper portion 54 a distance equal to the height,
measured in the plane of the conductors 18, 22 and 24, of the electrical cable
12. The cover 34 also includes longitudinal ridges 66 and 68 formed on aninner
surface of the backwards C-shaped portion 52 between the upper portion 54 and
the lower portion 62. The ridges 66 and 68 are received in the grooves 28 and -
32 of the electrical cable 12. A pedestal 72 depends downwardly from the
C-shaped portion 52. The pedestal 72 includes a plurality of elongated slots 74
spaced longitudinally along the pedestal. The pedestal 72 also includes a
platform 76 below the slots 74. The platform 76 can rest on or against the
surface to which the light engine 10 will be mounted.

[0030] The base 36 attaches to the cover 34 by fitting into the backwards
C-shaped portion 52 between the upper portion 54 and the lower portion 62
sandwiching the cable 12 between the base and the cover. The base 36
includes two tabs 80 and 82 on an upper éurface 84 that are received in the
openings 56 and 58 in the upper portion 54 of the cover 34. The base 36 also
includes a tongue 86 on a lower surface 88 that slides into the slot 64 in the
lower portion 62 of the cover 34. Slots 92, 94 and 96 are formed in the upper
surface 84 of the base 36. The slots 92 and 94 receive the IDC terminals 38 and
42. Slot 96 receives a conductor separator 44. When the cover 34 receives the

base 36, the upper portion 54 covers the upper surface 84 of the base to cover
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the slots 92 and 94 and a majority of the IDC terminals 38 and 42. The base 36
further includes a lower longitudinal notch 98 formed along a face of the base
adjacent the LED module 16 and lower lateral notches 100 and 102 formed on
opposite lateral sides of the base. The notches 98, 100 and 102 facilitate the
plug-in connection friction fit between the wire-socket assembly 14 and the LED
module 16. In addition to the mechanical connection described between the
wire-socket assembly 14 and the cable 12, the wire-socket assembly 14 can be
formed with the cable 12 or affixed to the cable in other manners.

[0031] The IDC terminals 38 and 42 pierce the insulating material 26 that
surrounds the conductors 18, 22 and 24 to provide an electrical connection. The
IDC terminals 38 and 42 each include fork-shaped prongs 104 and 106 that are
sharp enough to pierce the insulating covering 26 having tines spaced apart so
that the prongs do not cut the conductors 18, 22 and 24, but rather receive the
conductors between the tines. The IDC terminals 38 and 42 also include male
terminal pins 108 and 112 that extend from the base toward the LED module 16
when the terminals are received in the slots 92 and 94 on the upper surface 84
of the base 36. The IDC terminals 38 and 42 are substantially S-shaped and the
first prong 104 is spaced from the second prong 106 along the longitudinal axis
of the electrical cable 12. The conductor separator 44 is spaced between the
prongs 104 and 106 so that if the LED modules 16 are to be connected in
parallel/series configuration, the series conductor wire 22 is cut between the
prongs. Specific terminals 38 and 42 have been described; however, other
terminals instead of IDC terminals can be used to provide the electrical
connection between the conductors and the LED module. Furthermore, the
alternative terminals can electrically attach to the wires and/or power supply
system via solder, wire jumper, crimp on terminals, or other electrical-mechanical
connections.

[0032] With reference to FIGURE 4, the wire-socket assembly 14 plugs into
~the LED module 16. The LED module 16 includes a mounting receptacle 120
into which the wire-socket assembly 14 fits. More specifically, the base 36 and
the upper portion 54 of the cover 34 are received by receptacle 120. As

mentioned above, in alternative embodiments the LED module 16 can plug into
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the wire-socket assembly 14, or the wire-socket assembly and the LED module
can selectively attach to one another in other conventional manners.
[0033] With reference back to FIGURE 2, the LED module 16 includes a
cover 122 affixed to a base 124. The cover 122 includes two side tabs 126 and
128 on opposite sides of the cover and two rear tabs 132 and 134 on the rear of
the cover. The cover 122 also includes two resilient clips 136 and 138 on
opposite sides of the cover. The resilient clips 136 and 138 include knurls 142
(only one visible in FIGURE 2). A pair of side walls 144 and 146 depend from
opposite sides of the cover 122 in front (i.e., towards the wire-socket assembly
14) of both the respective side tabs 126 and 128 and the respective clips 136
and 138. Each side wall 144 and 146 includes a lower extension 148 and 152
that extend towards one another. The lower extensions 148 and 152 are spaced
from an upper surface 150 of the cover 122 to define the mounting receptacle
120 of the LED module 16. The cover 122 also includes an opening 154 through
which an LED 156 protrudes.
[0034] The cover 122 of the LED module 16 attaches to the base 124 of the
LED module to cover the electrical connections leading to the LED 156. The
base 124 includes side walls 160 and 162 that are opposite one another. Each
side wall 160 and 162 includes a respective notch 164 and 166 that receives a
respective side tab 126 and 128 on the cover 122. A rear wall 168 connects the
side walls 160 and 162 and also includes notches 172 and 174 that receive rear
tabs 132 and 134 of the cover 122. The side walls 160 and 162 make a right
bend outward at the front of each side wall to accommodate the resilient clips
136 and 138. The clips 136 and 138 fit inside the side walls 160 and 162 and
each knurl 142 catches on the bottom of each side wall to attach the cover 122
“to the base 124. .
[0035] Side connection tabs 176 and 178 extend from the side walls 160 and
162. The side connection tabs 176 and 178 include openings 182 and 184
(FIGURE 3) in mounting surfaces 186 and 188 that can receive fasteners (not
shown) to attach the LED module 16 to an associated surface, suchas surfaces
found in channel letter and box sign illumination, cove lighting, and cabinets. As
seen in FIGURES 6 and 7, the mounting surfaces 186 and 188 are spaced from
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and below the platform 76. Referring to FIGURE 1, the LED module 16 mounts
in such a direction as compared to the electrical cable 12 to promote the greatest
flexibility of the cable, i.e. the LED 156 faces a direction parallel to a plane that
intersects the conductors 18, 22 and 24 of the cable 12.

[0036] Extending from the rear wall 168, a plurality of fins 190 can provide a
heat sink for the LED 156. Fins are shown as the heat sink; however, the heat
sink can also include pins or other structures to increase the surface area of the
heat sink. The fins 190 extend rearward and downward from the rear wall 168. .
The fins 190 extend downward to almost the mounting surface 186 and 188 of
each side connection tab 176 and 178, as seen in FIGURES 6 and 7, to
maximize the surface area of the heat sink. As seen in FIGURE 7, the fins 190
also extend towards the front, i.e. towards the cable 12, away from the upper
portion of the base 124, again to maximize the surface area. With specific
reference to FIGURE 6, the fins 190 are aligned with the slots 74 in the pedestal
72 of the wire-socket assembly 14 so that air can flow through the slots 74 and
between the fins 190 to cool the LED 156.

[0037] The LED 156 mounts to a support 192 that is received in the base 124
of the LED module 16. Preferably, the support 192 includes a thermally
conductive material, e.g., thermal tape, a thermal pad, thermal grease, or a
smooth finish to allow heat generated by the LED 156 to travel towards the fins
190 where the heat can dissipate. The support 192 is affixed in the base 124 by
fasteners 194 and 196; however, the support can affix to the base 124 in other
conventional manners.

[0038] An electrical receptacle 198 mounts on the support 192 and receives
male terminal pins 108 and 112 of the terminals 38 and 42 emanating from the
wire-socket assembly 14. The electrical receptacle 198 electrically connects to
leads 202 and 204 of the LED 156 via circuitry (not shown). The circuitry can be
printed on the support 192, or wires can be provided to connect the receptacle to
the leads 202 and 204. The circuitry can include voltage management circuitry.
[0039] In an alternative embodiment, an electrical receptacle similar to
electrical réceptacle 198 can mount to the wire-socket assembly 14. This

electrical receptacle on the wire-socket assembly can receive male inserts that
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are electrically connected to the LED 156. Alternatively, selective electrical
connection between the conductors 18, 22 and 24 and the LED 156 can be
achieved in other conventional manners, including solder, wire jumper, crimp-on
terminals, or other electro-mechanical connections.

[0040] As seen in FIGURE 4, the LED module 16 receives the wire-socket
assembly 14 to mount the LED module to the cable 12. Such a connection
allows removal of the LED module 16 from the cable 12 without the holes formed
by the IDC terminals 38 and 42 being exposed. With reference to FIGURE 2,
the base 36 and the upper portion 54 of the cover 34 are received between the
lower extensions 148 and 152 and the upper surface 150 of the cover 122 such
that the extensions 148 and 152 fit into the lower lateral notches 100 and 102 of
the base 36 of the wire-socket assembly. The lower longitudinal notch 98 of the
base 36 rest against the support 192 for the LED 156. The male terminal pins
108 and 112 are received by the electrical re&:eptacle 198 to provide the
electrical connection between the LED 156 and the conductors 18, 22 and 24.
Accordingly, a friction fit exists between the LED module 16 and the wire-socket
or mounting assembly 14 such that the LED module can be selectively removed
from the cable 12 and the holes formed by the IDC terminals are not exposed.
The plug-in connection between the LED module 16 and the mounting assembly
14 facilitates easy installation and LED replacement. Also, the heat sink
provided on the LED module 16 allows the light engine 10 to dissipate heat
without requiring the light engine to mount to a heat conductive surface.
[0041]  With reference to FIGURE 9, an alternative embodiment of a light
emitting diode (LED) light engine 210 includes a flexible power conductor 212,
which can be similar to the flexible electrical cable 12 (FIGURE 1), and a plurality
of LED modules 214 attached to the flexible power conductor. The light engine
210 can mount to a variety of different structures and can be used in a variety of
different environments, some examples include channel letter and box sign
illumination, such as that depicted in FIGURE 8, cove lighting and under-cabinet
accent lighting.

[0042] The flexible power conductor 212 includes a plurality of wires, which in
the depicted embodiment are positive (+) wire 216, negative (-) wire 218, and
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series wire 222. The power conductor also includes an insulative covering 224
that surrounds the wires 216, 218 and 222. The wires 216, 218 and 222
generally reside in a plane, which will be referred to as a bending plane. When
the light engine 210 is mounted to a planar structure the bending plane in the
depicted embodiment is generally perpendicular to the structure. Such an
orientation allows the power conductor 212 to easily bend when placed on an
edge that intersects the bending plane. The power conductor 212 can also
include V-shaped grooves formed in the insulating covering 224 between
adjacent wires. Power can be delivered to the LED modules via other power
delivery systems such as a flexible circuit and/or a lead frame, which have been
described above.

[0043] With reference to FIGURE 10, each LED module 214 generally
includes a heat sink 230, an LED 232, a printed circuit board 234 (FIGURE 1 1),
a printed circuit board retainer 236, an IDC terminal holder 238, and a power
conductor cover 240. With reference to FIGURE 11, similar to the support 192
(FIGURE 2), the printed circuit board 234 of the depicted embodiment genefally
includes a metal core 242 having a dielectric layer 244 disposed over the metal
core. Accordingly, the PCB 234 in the depicted embodiment is a metal core
printed circuit board (MCPCB); however, other PCBs and/or supports can be
used. Circuitry (not shown) is formed on the dielectric surface 244 of the
MCPCB 234. The LED 232 mounts on the dielectric surface 244. Contacts 246
extend from the LED 232 and provide an electrical connection between the
printed circuitry and the LED. A positive male contact terminal 248 and a
negative male contact terminal 252 each extend from a longitudinal edge of the
PCB 234. The contact terminals 248 and 252 are in electrical communication
with the circuitry printed on the PCB 234. The contact terminals 248 and 252 are
soldered to the printed circuit board 234 and are bent over at a distal end. In the
depicted embodiment, a resistor 254 is disposed on the dielectric surface 244
and is in electrical communication with the LED 232 via the circuitry printed on
the PCB 234. The circuitry on the PCB can be different for different LED
modules 214 that are attached to the conductor 212. For example, if the LED

modules are connected to one another in a series/parallel configuration, the
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circuitry on the PCB can be changed accordingly. When the module 214 is
assembled a thermal film 256 is disposed against a lower surface 258 of the
PCB 234 to promote thermal transfer between the PCB and the heat sink 230.
[0044] The heat sink 230 is configured to receive and house atleast a portion
of the PCB 234. The heat sink 230 in the depicted embodiment made from heat
conductive material, for example a zinc alloy. In the depicted embodiment, the
heat sink 230 is formed, e.g. cast, as an integral unit that includes an upper
portion 270 that defines a generally planar upper surface 272 and a generally
planar lower surface 274. The upper portion 270 defines a generally U-shaped
notch 276 that receives the PCB retainer 236 and the IDC terminal holder 238
(FIGURE 10). Fastener openings 278 extend through the upper portion 270 of
the heat sink 230.: The fastener openings 278 receive fasteners, for example
rivets, to allow for the attachment of the LED module 214 (FIGURE 9) to an
associated structure.

[0045] A truncated bowl-shaped portion 282 extends upwardly from the upper
surface 272 of the upper portion 270. The truncated bowl-shaped portion 282
defines a truncated or partial frustoconical reflective surface 284 that tapers
downwardly towards the LED 232 when the PCB 234 is received by the heat
sink 230, as seen in FIGURE 10. The partially bowl-shaped portion 282 and the
reflective surface 284 has a segment removed about its axis of revolution to
allow for receipt of the LED 232. The partially bowl-shaped portion 282 and the
reflective surface 284 can take other configurations, for example‘the reflective
surface can be parabolic and the surface need not be bisected as it is shown in
the figures. The truncated bowl-shaped portion 282 in the upper portion 270 of
the heat sink 230 extends over at least a portion of the upper surface 244 of the
printed circuit board 234 when the printed circuit board is received by the heat
sink. In the depicted embodiment, the truncated bowl-shaped portion 282
defines an opening, e.g., a semi-circular notch 286 that receives the LED 232
when the printed circuit board 234 is received by the heat sink 230.

[0046] The integral heat sink 230 also includes a central portion 292 that is
spaced from the upper portion 270. The upper portion 270 and the central
portion 292 are interconnected by a generally U-shaped side wall 294. The
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central portion 292 defines a generally planar upper surface 296 and a generally
planar lower surface 298. The central portion 292 extends underneath the upper
portion 270 and out into and below the notch 276 defined in the upper portion
270. The upper portion 270, the central portion 292, and the side wall 294
define a cavity 302 into which the PCB 234 is received. The thermal film 256 is
disposed between the lower surface 258 of the printed circuit board 234 and the
upper surface 296 of the central portion 292. Accordingly, heat is transferred
from the printed circuit board 234 through the thermal film 256 into the central
portion 292, where it can be spread into the side wall 294 and the upper portion
270 of the heat sink 230.

[0047] A generally U-shaped lower member 310 extends downwardly from
the central member 292. The lower member defines a generally planar upper
surface 312 and a generally planar lower surface 314. A lower cavity 316 is
defined between the lower member 310 and the central member 292. L-shaped
flanges 318 extend downwardly from the lower surface 298 of the central
member 292 on opposite sides of the lower portion 310. Protrusions 322 also
depend downwardly from the lower surface 298 of the central member 292. The
protrusions 322 are disposed inside the cavity 316. Support posts 324 extend
downwardly from forward edges of the side wall 294. As seen in FIGURE 12,
each support post 324 terminates in a plane that is coplanar with the lower
surface 314 of the lower member 310. Accordingly, the support posts 324 and
the lower surface 314 of the lower member 310 provide three points of contact
for maintaining flatness of the heat sink 230 relative to the plane of the
associated structure to which the light engine 210 (FIGURE 9) is to be mounted.

The support posts 324 are located adjacent the fastener openings 278 to provide
stability to the heat sink 230 to prevent any deformation during riveting or
screwing in of the fastener to the associated structure. The support posts 324
also separate the power cord 212 from any fastener that extends through the
openings 278.

[0048] Asseenin FIGURE 10, the PCB retainer 236 attaches to the heat sink
230. With reference to FIGURE 13, the PCB retainer 236 includes is an
integrally formed member that, similar to the heat sink 230, can be formed, e.g.
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cast or molded, as one piece. In the depicted embodiment, the PCB retainer
236 is cast from hard plastic material. The PCB retainer 236 includes a base
wall 330 having a first surface 332 and a second surface 334 that is opposite the
first surface. Upper notches 328 are formed at opposite ends of the base wall
330, the usefulness of which will be described in more detail below. A plurality of
members extend from these surfaces to connect to either the heat sink 230 or
the cover 238. The PCB retainer 236 includes an upper cantilever portion 336
that extends from the second surface 334 of the base wall 330 towards the heat
sink 230, when the PCB retainer 236 is attached to the heat sink. A truncated or
partial bowl-shaped portion 338 extends upwardly from the cantilevered portion
336 and defines a partial frustoconical reflective surface 340. The truncated
bowl-shaped portion 338 defines a semicircular notch 342 that receives the LED
232. When the PCB retainer 236 is fastened to the heat sink 230, the truncated
bowl-shaped portion 338 of the PCB retainer 236 aligns with the truncated
bowl-shaped portion 282 of the heat sink 230 to provide a reflective surface for
the LED 232, where the combined reflective surfaces 284 and 340 forms a
complete revolution about the LED 232.

[0049] Lower central prongs 344 extend from the second surface 334 of the
base wall 330. Each lower central prong 344 includes an opening 346 and a
ramped distal end 348. When the PCB retainer 236 is attached to the heat sink
230 the lower central prongs 344 are received inside the lower cavity 316
(FIGURE 12) and the notches 344 receive the protrusion 322. The ramped
distal ends 348 facilitate movement of each prong over the respective protrusion
322. Accordingly, the lower central prongs 344 are somewhat resilient to slide
over the notches 322 (FIGURE 12) of the heat sink 230.

[0050] Outer prongs 350 also extend from the second surface 334 of the
base wall 330 of the PCB retainer 236 in the same general direction as the lower
central prongs 344. The outer prongs 350 include L-shaped grooves 352. The
L-shaped groove 352 receives the L-shaped prongs 318 (FIGURE 12) that
depend from the central portion 292 of the heat sink 230. The outer prongs 350
are received on opposite sides of the lower portion 310 (FIGURES 11 and 12) of

the heat sink 230. Camming arms 354 also extend from the second surface 334
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of the base wall 330 in the same general direction as the cantilevered portion
336. The camming arms 354 are disposed above the lower prongs 344 and
350. The camming arms include chamfered ends 356. The camming arms 356
contact the lower surface 274 (FIGURES 11 and 12) of the upper portion 270 of
the heat sink 230 when the PCB retainer 236 is received inside the upper cavity
302 of the heat sink. The camming arms 356 are resilient and provide a
downward force on the PCB 234 so that the PCB is pressed against the upper
surface 296 of the central member 292 so that more contact is provided between
the PCB 234 and the upper surface 296 to facilitate more thermal transfer
between the two. ,

[0051] A slot 360 extends through the base wall 330 and receives the male
terminals 248 and 252 (FIGURE 11) that extend from the printed circuit board
234 when the PCB 234 and the PCB retainer 236 are received inside the cavity
302 of the heat sink 230. Central L-shaped fingers 362 extend rearwardly from
the first surface 332 of the central wall 330 in a generally normal direction. The
central fingers are disposed below the slot 360 formed in the base wall 330.
Outer arms 364 also extend from the second surface 332 of the central wall
330. Each outer arm 364 includes a ramped distal end 366 and an opening 368.
[0052] With reference to FIGURE 15, the terminal holder 238 generally
includes an integrally formed plastic body 380, e.g., cast or molded as one piece,
having a planar upper surface 382. As more clearly seen in FIGURE 16, the
body 380 includes a cantilevered portion 384 that extends away from a
remainder of the body. With reference back to FIGURE 15, an opening 386 is
formed through the cantilevered portion 384. The body 380 of the terminal
holder also includes a plurality of slots that allows the terminal holder to attach to
the heat sink 230 (FIGURE 10) via the PCB retainer 236 (FIGURE 10) and also
to the cover 238 (FIGURE 10). Tabs 388 (only one is visible in the figures)
extend from opposite planar lateral surfaces of the body 380. Slots 392 are
formed in the body 380 and extend from the tabs 388 towards and terminate at a
forward surface, which is opposite the cantilevered portion. The tabs 388 are
ramped downwardly toward the notches 392. With reference to FIGURE 13, the
outer arms 364 that extend from the first surface 332 of base wall 330 of the
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PCB retainer 236 cooperate with the tabs 338 to attach the PCB retainer 236 to
the terminal holder 238. The ramped ends 366 of the outer arms ride over the
ramped tabs 388 until the tab 388 is received inside the opening 368 of the arms
364. Inthe depicted embodiment, the arms include a web that is received inside
the notches 392. With reference back to FIGURE 15, the body 380 of the
terminal holder 238 also includes centrally disposed L-shaped channels 394.
These L-shaped channels 394 receive the arms 362 (FIGURE 13) that extend
from the first surface 332 of the base wall 330 of the PCB retainer 236. The
body 380 of the terminal holder 238 also includes lower central L-shaped
notches 396 to facilitate attachment between the terminal holder 238 and the
cover 240,

[0053] The terminal holder 238 receives insulation displacement conductor
(“IDC”) terminals, which in the depicted embodiment are a first or high terminal
400 and a second or low terminal 402. The IDC terminals 400 and 402 are
made from an electrically conductive material, e.g. metal. The first terminal 400
is received in a slot 404 that extends upwardly from a bottom surface of the body
380 towards the upper surface 382. The slot 404 is open at the bottom surface
and is disposed between the central L-shaped channel 394 and a side lateral
wall of the body. The channel 404 is substantially U-shaped. The first IDS
terminal 400 includes a first forked portion 406 having pointed ends that are
inserted through the insulating material 224 (FIGURE 9) of the power conductor
212 to provide an electrical connection between one of the wires 21 6,218 0r222
of the power conductor 212 to the LED 232. Opposite the first forked portion
406, the first IDC terminal 400 also includes a second rounded forked portion
408 that is configured to receive the male positive terminal 248 (FIGURE 11) that
extends from the printed circuit board 234 when the terminal holder 238 is
attached to the heat sink 230 via the PCB retainer 236. The bent over portion of
the male positive terminal 248 is compressed slightly in the second forked area
of the first IDC terminal 400 to provide a more robust electrical connection
between the male terminal 248, and thus the printed circuit board 234, and the
IDC terminal 400. The first IDC terminal 400 also includes a U-shaped channel
412 that is interposed between the first forked pointed portion 406 and the
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second forked portion 408. Protrusions 414 extend inwardly into the U-shaped
channel 412. These protrusions 414 provide a resilient fit so that the first IDC
terminal 408 is snugly held inside the U-shaped channel 404 formed in the body
380 of the terminal holder 238.

[0054] A second U-shaped notch 414 is also formed in the body 380 of the
terminal holder 238 to receive the second IDC terminal 402. The second IDC
terminal is referred to as a low terminal in that a first pointed forked portion 416
is disposed below the first forked end 406 of the first IDC terminal 400. The first
forked end 416 is inserted into the insulating material 224 (FIGURE 9) of the
power conductor 212 to cohnect to one of the wires 216, 218 or 222. A second
forked end 418 of the low IDC terminal 402 receives the negative male
conductor 252 that extends from the printed circuit board 234 in a similar manner
as that described with reference to the first IDC terminal 400. The second IDC
terminal 402 also includes a U-shaped channel 422 and a bump or protrusion
424 that is similar to the U-shaped channel 412 and bump 414 of the first IDC
terminal 400. As seen in FIGURE 16, the pointed end 406 and 416 of the
respective IDC terminals 400 and 402 are vertically spaced from one another so
that they contact separate wires of the power conductor 212 (FIGURE 9). The
location of the pointed forked ends of the IDC terminals is dependant upon the
location of the LED module 214 along the power conductor 212 and whether the
LED module is to be connected in parallel, series, or a series/parallel
configuration. Accordingly, the location of the pointed ends 406 and 416, ie.,
the ends that extend into the power conductor 212 can change. Furthermore, a
barrier member (not shown) can extend from the body 380 of the terminal holder
238 to interrupt the series wire 222, if desirable, so tHat the LED assemblies 214
can be wired in a series/parallel configuration.

[0055]  With reference to FIGURE 17, the cover 240 includes an integral
plastic body, e.g. cast or moided as one piece, having an L-shaped configuration
that includes a lower portion 430 and an upper portion 432 that is at a general
right angle to the lower portion. A pair of L-shaped flanges 434 extend upwardly
from an upper surface 436 of the lower portion 430. The upper surface 436 is
generally planar. The L-shaped flanges 434 are received inside the lower
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central L-shaped notches 396 formed in the body 380 of the terminal holder 238
(FIGURE 15). A ramp-shaped protuberance 438 extends from an upper end
surface 440 of the upper portion 432. The ramp-shaped protuberance 438 is
received inside the opening 386 in the cantilevered portion 384 of the terminal
holder 238. The ramp-shaped protuberance 438 is ramped downwardly to
facilitate movement of the protuberance in the opening 386. A block shaped
protuberance 442 also extends from the upper surface 440. The block shaped
protuberance 440 is received in a slot (not visible) in the cantilevered portion 384
of the terminal holder 238. As more clearly seen in FIGURE 18, the cover 240
defines a power conductor mounting seat 444 generally at the intersection of the
lower portion 430 and the upper portion 432. The mounting seat 444 is shaped
and configured such that when the power conductor 212 is seated the wires 216,
218 and 222 of the power conductor 212 lie in a generally vertical plane, which
defines the bending plane of the power conductor 212.

[0056] To assemble the light engine 210, as seen in FIGURE 11, the printed
circuit board 234 is inserted into the cavity 302 of the heat sink 230 and the
thermal film 256 is interposed between the PCB 234 and the upper surface 296
of the central portion 292 of the heat sink. The PCB retainer 236 (FIGURES 13
and 14) is then connected to the heat sink 230 such that the camming arms 354
press down on the upper surface 244 of the PCB 234 to provide more thermal
contact between the PCB 234 and the heat sink 230. No additional fasteners,
€.g. screws, are required to retain the PCB 234. The PCB is then potted inside
the cavity 302 of the heat sink 230 using a potting material that is known in the
art. The potting material is introduced into the cavity via the notches 328 formed
in the base wall 330 and the opening 360 in the base wall of the PCB retainer.
The potting material is thermally conductive to provide thermal path that further
improves thermal performance of the heat sink 230 and also provides
environmental protection for the components mounted on the PCB 234.
Accordingly, heat is transferred via the upper surface 244 through the potting
material and into the upper portion of the heat sink and via the lower surface 258
of the PCB 234 through the thermal tape 256. The terminal holder 238, having
the IDC terminals, for example first terminal 400 and second terminal 402
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disposed therein, is attached to the PCB retainer 236. The cover 240 (FIGURE
17) then sandwiches the power conductor 212 (FIGURE 9) between the upper
portion 432 of the cover 240 and the body 380 of the terminal holder 238 thus
forcing the forked regions 406 and 416 of the terminals 400 and 402 through the
insulation material 224 of the power conductor 212 to provide for an electrical
connection between the wires of the power conductor and the LED 232. As
seen in the embodiment depicted in FIGURE 10, a double sided adhesive tape
450 is applied to a lower surface of the cover 240. A release layer 452 covers
an adhesive layer of the tape 450. Also, a module tag 454 attaches to the cover
240. The module tag 240 can include indicia to identify the circuitry printed on
the PCB 234,

[0057] The assembly of the LED module 214 does not require fasteners.
Also, the components of the LED module 214 that house the PCB 234 are
modular. Accordingly, the heat sink 230 can be replaced where it is desirable to
provide more heat dissipation.

[0058] To mount the string light engine 210, the adhesive layer 452 is
removed and stuck to a desired surface. The LED module 214 is then attached
using fasteners that are received through the openings 278 (FIGURE 11) formed
in the heat sink 230. The support legs 324 align with the lower surface 314 of
the heat sink 230 to provide three points of contact between the heat sink and
the mounting surface. If the mounting surface is heat conductive, heat can pass
into the mounting surface. Nevertheless, the heat sink is designed to dissipate
the thermal energy produced by the LED without having to transfer heat to the
mounting surface.

[0059] The LED module 214 has a low profile to facilitate spooling of the light
engine 210. The light engine 210 can be packaged and shipped by winding the
flexible light engine around a reel, The height of the LED module 214, i.e. the
distance between the lower surface 314 of the heat sink (or the lower surface of
the tape 450) and the uppermost portion of the truncated bowl-shaped portion
338 of the heat sink 272 is only slightly larger than the height (in the bending
plane) of the power conductor 212. In the depicted embodiment, the height of
the LED module is less 1.2 times the height of the power conductor 212. Also,
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the partial bowl-shaped portion 338 extends above the LED lens to protect the
lens during handling, reeling and unreeling.

[0060] The LED light engine has been described with reference to certain
embodiments. Obviously, modifications and alterations will occur to others upon
reading and understanding the preceding detailed description. Itis intended that
the invention can be construed as including all such modifications and alterations
in so far as they come within the scope of the appended claims or the
equivalents thereof.
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CLAIMS:

1. A string light engine comprising:

a flexible power cord comprising an electrical wire and an insulating
material for the wire;

a heat sink attached to the power cord;

an IDC terminal inserted through the insulating material and in electrical
communication with the wire;

a PCB at least partially received in the heat sink, the PCB including a first
surface having circuitry and a second surface opposite the first surface, the
circuitry being in electrical communication with the IDC terminal, the second
surface being abutted against a surface of the heat sink so that heat is
transferred from the LED into the heat sink; and

an LED mounted to the first surface of the PCB and in electrical
communication with the circuitry.

2. The light engine of claim 1, further comprising a thermally
conductive potting material disposed over at least a portion of the PCB for
potting the PCB inside the heat sink.

3. The light engine of claim 1, further comprising a thermal film
interposed between the second surface of the PCB and the heat sink.

4. The light engine of claim 1, further comprising an electrically
non-conductive PCB retainer connected to the heat sink, the PCB retainer
including a resilient arm that compresses the second surface of the PCB against

a generally planar surface of the heat sink.

5. The light engine of claim 1, wherein the heat sink includes a lower
generally planar surface, and first and second posts each extending from the
heat sink and terminating in a plane generally defined by the lower surface such
that the support posts and the lower surface define three contact locations for

the heat sink to mount against an associated heat conductive planar member.

20



WO 2007/047398 PCT/US2006/039967

6. The light engine of claim 1, further comprising a male terminal
extending from the first surface of the PCB and in electrical communication with
the circuitry of the PCB, and the IDC terminal includes a portion that receives the
male terminal to mechanically fasten the IDC terminal to the PCB and to provide

for electrical communication between the circuitry of the PCB and the wire.

7. The light engine of claim 1, further comprising a reflective surface
extending upwardly from the heat sink and at least partially surrounding the LED.

8. The light engine of claim 1, wherein the heat sink includes an
opening through which a portion of the LED extends.

9. The light engine of claim 8, wherein the opening comprises a
semicircular notch.

10. A method of manufacturing a string light engine, the method
comprising:

inserting an IDC terminal into a flexible power cord;

mechanically attaching the IDC terminal to an electrical connector
disposed on a first surface of a PCB, wherein the electrical connector comprises
at least one of an electrical receptacle and a male terminal and the IDC terminal
provides electrical communication between the flexible power cord and an LED
mounted on the first surface of the PCB;

inserting the PCB into a heat sink to provide a thermal path for heat to
dissipate from the LED into the heat sink.

11.  The method of claim 10, wherein the inserting the PCB into the

heat sink step comprises inserting the PCB such that a portion of the heat sink
extends over the first surface of the PCB.
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12. The method of claim 11, further comprising inserting material
between the first surface of the PCB and the heat sink to provide a thermal path.

13. The method of claim 12, wherein the inserting material step
comprises disposing potting material between the first surface of the PCB and
the heat sink.

14. A string light engine comprising:
a flexible power cord comprising a first wire, a second wire and insulating
material for the wires; and
a plurality of LED modules attached to the power cord, each module
comprising:
a thermally conductive PCB having circuitry printed on a first
surface of the PCB;
an LED mounted to the first surface of the PCB and in
electrical communication with the circuitry;
a heat conductive first housing portion receiving the PCB;
an electrically insulative second housing portion connected
to the first housing portion, the second housing portion retaining
the PCB against a surface of the first housing portion; and
an IDC terminal operatively connected to the PCB and
inserted into the insulating material of the power cord such that the
LED is in electrical communication with the first wire via the IDC
terminal. |

15.  The light engine of claim 14, further comprising an IDC terminal
holder connected to the heat sink, the IDC terminal holder comprising an
electrically insulative material.

16.  The light engine of claim 14, further comprising an electrically
insulative member connected to the heat sink, the electrically insulative member
sandwiching the IDC terminal to the power cord.
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17.  The light engine of claim 14, wherein the first wire and the second
wire of the power cord generally reside in a plane and the power cord measures
a distance d in the plane of the wires, and the heat sink measures a height h

defined in a plane that is parallel to the plane of the wires, wherein 1<h/d<1.2.

18.  The light engine of claim 14, wherein first housing portion includes
a substantially planar surface upon which the PCB rests and a mounting opening
spaced from the substantially planar surface towards the flexible power cord
such that when an associated fastener is received in the mounting opening the
fastener does not extend through the planar surface.

19.  The light engine of claim 18, further comprising a support post
extending from the heat sink adjacent the opening, the support post being
positioned to preclude the flexible power cord from contacting an associated
fastener that is received in the mounting opening.

20. The light engine of claim 14, further comprising a male terminal

extending from the first surface of the PCB, wherein the IDC terminal
mechanically connects to the male terminal.
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