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WO 2009/076770 PCT/CA2008/002230

MODULAR LED LIGHTING DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority under 35
USCS 119 (e) of Provisional Patent Application bearing serial
number 61/015,056, filed on December 19, 2007, the contents

of which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to the field of LED-

based lighting systems.

BACKGROUND

[0003] Light-emitting diodes (LEDs) are presently used in
lighting systems in replacement of conventional lighting
technologies such as gas discharge lamps, incandescent bulbs,

halogen lamps, and fluorescent lighting systems.

[0004] LEDs present numerous advantages over conventional
lighting technologies such as longer lifetime, higher
efficiency, lower energy consumption and the possibility of
controlling the brightness and the color of the emitted

light.

[0005] When the LEDs of an LED-based lighting system have
reached the end of their lifetime, the entire module has to
be replaced or sent back to the manufacturer. This results in
an increased cost of replacement. Therefore, there is a need
for providing an LED-based lighting system which facilitates
the replacement of LEDS and thus reduces their cost of

replacement.
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SUMMARY

[0006] According to a broad aspect, there is provided an
LED lighting device comprising: a heat dissipating device
having a planar surface; and a circuit board removably
attached to the heat dissipating device and having a top
surface, a bottom surface, and a surrounding side surface,
the circuit board comprising at least one LED on the top
surface and having at least one electrical connector on one
of the top surface and the side surface for removably
connecting the at least one LED to a power source, the bottom
surface being abutted against the planar surface in order to
transfer heat generated by the at least one LED to the heat

dissipating device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Further features and advantages of the present
invention will become apparent from the following detailed
description, taken in combination with the appended drawings,

in which:

[0008] Fig. 1 illustrates an exploded view of a modular

LED lighting device according to an embodiment;

[0009] Fig. 2 illustrates a removable circuit board having

a plug-in connector thereon according to an embodiment;

[0010] "Fig. 3 illustrates a removable circuit board with a

cable connected thereto in accordance with an embodiment;

[0011] Fig. 4 is a top view of an LED board provided with
a pair of U-shaped electrical connectors, in accordance with

an embodiment;
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[0012] Figs. 5a and 5b illustrate the U-shaped electrical
connector of the LED board of Fig. 4 and an L-shaped
electrical connector in an open state and a closed state,

respectively, in accordance with an embodiment;

[0013] Fig. 6 is a top view of an LED board provided with
a single U-shaped electrical connectors, in accordance with

an embodiment;

[0014] Figs. 7a and 7b illustrate a U-shaped electrical
connector of the LED board of Fig. 6 and an L-shaped
electrical connector in an open state and a closed state,

respectively, in accordance with an embodiment;

[0015] Fig. 8 is a top view of an LED circuit board
comprising a pair of hook electrical connectors, in

accordance with an embodiment;

[0016] Figs. 9a and 9b 1illustrate a pair of hook
connectors in an open state and a closed state, respectively,

in accordance with an embodiment;

[0017] Fig. 10 is a top view of an LED board having flat
electrical connectors on a top surface, in accordance with an

embodiment;

[0018] Figs. 1lla and 11b are a front view of the LED board
of fig. 10 in an unconnected state and a connected state,

respectively, in accordance with an embodiment;

[0019] Fig. 12 is a top view of an LED board comprising
connectors on its side surface, 1in accordance with an

embodiment;
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[0020] Fig. 13 1is a partial perspective view of the LED

board of fig. 12, in accordance with an embodiment;

[0021] Fig. 14 illustrates one embodiment of a cylindrical
heat sink;
[0022] Fig. 15 illustrates one embodiment of a comb-array

heat sink; and

[0023] Fig. 16 1illustrates an exploded view of an LED

lighting device according to one embodiment.

[0024] It will be noted that throughout the appended
drawings, 1like features are identified by 1like reference

numerals.

DETAILED DESCRIPTION

[0025] °~ Figure 1 1illustrates an exploded view of an
embodiment of an LED 1lighting device 50 comprising a
removable circuit board 52 and a heat dissipating device 53
which includes a heat sink 54 and a plateau 56. The rear face
58 of the circuit board 52 is removably fixed onto a planar
surface of the plateau 56 while the front face of the circuit
board 52 comprises the LEDs (not shown). The circuit board is
independent of the rest of the device so that it can be
easily removed and vreplaced by another «c¢ircuit board.
Alternatively, the plateau may be omitted and the circuit
board 52 is abutted against a planar surface of the heat sink

54.

[0026] The heat dissipating device 53 illustrated in
figure 1 includes a heat sink 54 independent of the plateau

56. A heat dissipating device 1s used because LEDs are
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dependent on their surrounding temperature for brightness
performances. An increase in the electrical current applied
to an LED results in an increase in the brightness of 1light
emitted by the LED. However, this increase in brightness 1is
accompanied with an increase in temperature of the LED and
this increased temperature will shorten the lifetime of the
LED and decrease its brightness. As a result, cooling the LED

ensures a long lifetime and a high brightness.

[0027] In the embodiment illustrated in figure 1, the
plateau 56 is a cylindrical block with a flange 62 and a
protrusion 64. An aperture 65 extends through the plateau 56.
The circumference of the flange 62 substantially corresponds
to that of the heat sink 54. The core 60 of the plateau 56
has a circumference which substantially corresponds to that
of the circuit board 52. The protrusion 64 of the plateau 56
maintains the heat sink 54 in position on the plateau 56 by
fitting into the aperture 70 provided therein. The role of
the plateau 56 is to transfer the heat from the circuit board
52 to the heat sink 54 and to ensure a uniform repartition of

the heat along the cross-section of the heat sink 54.

[0028] In the embodiment illustrated in figure 1, heat
sink 54 is a cylinder having fins 66 on its outer lateral
surface and apertures 68 which penetrate the heat sink in the
direction of its height. Fins 66 and apertures 68 are used to
increase the heat sink's 54 surface area contacting the air,
and thus increase the heat dissipation rate. Heat sink 54 is
further provided with an aperture 70 which also increases the
heat dissipation rate in addition to mounting the heat sink

54 to the plateau 56.
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illustrate different electrical connecting means which allow
the circuit board 52 to be removably connected to the power

source.

[0030] In prior art lighting modules, the circuit board
connector is located on an opposite side of an LED board from
the LEDs. A recess or a hole is needed on the heat sink
and/or an additional structure is provided below the LED
board to allow room for the connector below the board. If the
heat sink is provided with a recess or a hole, the connector
fits into the recess or the hole when the LED board is
attached to the heat dissipating structure. If there is no
hole or recess 1in the heat sink, an additional structure,
such as risers, is required to fix the board to the heat sink
and to bring the heat generated by the LEDs to the heat sink,
as well as to provide room for the connector between the heat
sink and the underside of the board. This results in
increased machining and costs. The problem generated by the
connector located below the LED ©board prevents any
interchangeability between boards and other components of the
light since the LED board and the heat sink must be

compatible.

[0031] Figure 2 illustrates an embodiment of the removable
circuit board 52. The circuit board 52 is a substrate on
which electrical conductive elements 102 are deposited to
electrically connect the LEDs 104 fixed thereon. The circuit
board further includes a plug-in connector 106 to Dbe
removably connected to a power supply. A cable . connected to a

power source at one end and having a plug-in connector
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complementary to the plug-in connector 106 at the other end
is used to removably connect the LEDs 104 to the power source
by connecting the plug-in connector of this cable and the

plug-in connector 106.

[0032] Figure 3 1illustrates another embodiment of the
removable circuit board 52 which can be removably connected
to a power supply by a cable 252. Cable 252 comprises a plug-
in connector 254 which is connectable to a second plug-in
connector linked to the power supply. Cable 252 is connected
to electrical contact 256 of the circuit board 52. If the
LEDs have reached the end of their lifetime or if the circuit
board 1is deficient, the circuit board can easily be
disconnected from the power supply and replaced by another

one.

[0033] As shown in figure 3, the plug-in connector 106 or
the cable 252 comprising the plug-in connector 254 are
attached to the top of the removable circuit board 52 where
the LEDs reside. Thus, the removable circuit board 52 can be
removably fixed onto the plateau 56 or the heat sink 54
without requiring any hole therein or additional structure. A
same removable circuit board 52 can be used with different
heat sinks or plateaus without requiring any modifications to
the heat sinks and plateaus, and without the need for

additional fixing structures.

[0034] In one embodiment, the circuit board 52 has a notch
on its side surface and the additional cable connecting the
connector 106 to the power source, or the cable 252, passes
through the notch, the aperture 65 of the plateau 62, and the

aperture 70 of the heat sink 54 in order to be connected to
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the power source. If the heat dissipating device 53 comprises
no plateau 56, the cable only passes in the aperture 70 of

the heat sink 54.

[0035] Additionally, the plug-in connector 106 allows the
use of the LED lighting device 50 in vibrating environments
such as elevators. The plug-in connector 106 or 254 reduces
the risk of being disconnected because of vibrations. The
plug-in connector 106 or 254 allows a permanent but removable
connection to a power supply. The term “permanent” is used to
point out that once the plug-in connector is connected to the
power supply, it is substantially impossible to disconnect it

without a human intervention.

[0036] The use of a plug-in connector 106 or 254 renders
the removable circuit board 52 completely independent from
the rest of the LED lighting device 50. A male or female
plug-in connector 106 1s on the removable circuit board 52
and the other plug-in connector 1is connected to a power
supply independently of the rest of the LED lighting device
50. The removable circuit board 52 does not need to be in
electrical contact with another piece of the LED 1lighting
device 50 in order to create an electrical contact between

the connectors and to supply the LEDs with electricity.

[0037] Figure 4 illustrates a circuit board comprising
four LEDs 262 connected in series and two U-shaped connectors
264. As i1llustrated in figures 5a and 5b, the U-shaped
connectors 264 are used with L-shaped connectors 266 and are
attached to the frame of the lighting device and connected to
the power source. The circuit board 260 is deposited on the

heat dissipating device 53 and turned such that each U-shaped
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connector 264 engages a corresponding L-shaped connector 266
as 1illustrated in figures 5a and S5b. The circuit board 260
can also be screwed to the heat dissipating device 53 to

avoid any disconnection of the connectors 264 and 266.

[0038] It should Dbe understood that the L-shaped
connectors 266 can be replaced by any connectors mating the
U-shaped connectors 264 as along as the LEDs 262 can be

powered.

[0039] While in figures 4 and 5a-b, the U-shaped
connectors 264 are located on the circuit board 260 and the
L-shaped connectors 266 are located on the frame of the
lighting device 50, a person skilled in the art will
understand that the L-shaped connectors could be positioned
on the circuit board and the U-shaped connectors could be

attached to the frame of the lighting device.

[0040] The c¢ircuit board 260 may comprise a single U-
shaped connector 360 as illustrated in figures 6 and 7a-b.
The U-shaped connector 360 comprises two legs 362 and 364
made of electrically conductive material which are separated
by an electrically insulating plate 366 forming the base of
the U-shaped connector 360. The leg 362 is connected to a
first one of the series of LEDs 262 while the leg 364 is
connected to the last one of the LEDs 264. The circuit board
260 is deposited on the heat dissipating device 53 and turned
such that the U-shaped connector 360 engages a corresponding
L-shaped connector 368. The L-shaped connector 368 is
positioned on the frame of the LED lighting device and
comprises an electrically insulating L-shaped plate 370

sandwiched between two electrically conductive L-shaped
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plates 372 and 374. When the connectors are in a closed
state, the legs 362 and 364 of the U-shaped connector 360 are
in electrical contact with the L-shaped plates 372 and 374,
respectively, in order to power the LEDs 262. It should be
understood that the L-shaped connector 368 can be positioned
on the LED board 262 while the U-shaped connector 360 is

positioned on the frame of the LED lighting device.

[0041] Figure 8 illustrates a circuit board 270 comprising
four LEDs 272 connected in series to a power source via a
pair of hook connectors 274. As illustrated in figures 9a and
9b, hook connectors 276 located on the frame of the lighting
device and connected to the power source are used with the
hook connectors 274 to connect the LEDs 272 to the power
source. The circuit board 270 1s deposited on the heat
dissipating device 53 and turned such that each hook
connector 276 engages a corresponding circuit board hook
connector 274 in a turn-and-lock type mechanism as

illustrated in figure 9b.

[0042] Figure 10 illustrates an LED circuit board 280
comprising four LEDs 282 connected in series to a power
source via a pair of plate connectors 284. A plate connector
284 is a plate of electrically conductive material. The plate
connectors are positioned on the top surface of the circuit
board 280, as 1illustrated in figure 1la. The frame of the
lighting device surrounding the circuit board is provided
with a pair of pivoting connectors 286 which are connected to
the power source. Each pivoting connector 286 has a shape
adapted to engage the plate connector 284. The pivoting
connectors can be removably attached to the frame of the

lighting device or they can be fixedly attached thereon while

- 10 -
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being pivotable. The circuit board 280 is positioned on top
of the heat dissipating device and the pivoting connectors
286 are pivoted so that each pivoting connector engages a
corresponding plate connector 284, as illustrated in figures
10 and 11b. In addition to electrically connecting the LEDs
282 to the power source, the pivoting connectors 286 also
maintain the circuit board 280 into position against the heat

dissipating device 53.

[0043] Figure 12 illustrates an LED circuit board 290
comprising four LEDs 292 connected in series to a power
source via a pair of plate connectors 294 located on a side
surface 296 of the circuit board 290. As illustrated in
figure 13, each plate connector 294 is located on the side
surface of connected to an LED 292 via a connection line 298.
The frame of the 1lighting device 1is provided with two
electrical connectors (not shown) connected to the power
source. These two frame connectors are positioned on the
frame such that they are in electrical contact with the
circuit connectors 294 when the circuit board is positioned
on top of the heat dissipating device. 53. The frame
connectors can have any shape adapted to create an electrical

contact with the connectors 294.

[0044] Using at least one connector on either the top
surface of the LED circuit board or on its side surface
allows the circuit board to be removably fixed onto the heat
dissipating device 53 without requiring any hole therein or
additional structure. A same removable circuit board can be
used with different heat sinks or plateaus without requiring
any modifications to the heat sinks and plateaus, and without

the need for additional fixing structures.

- 11 -
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[0045] In one embodiment, the connectors illustrated in
figures 6-13 are connected to the power source via at least
one electrical cable which passes through a notch on the side
surface of the LED board, the aperture 65 of the plateau 56,
and the aperture 70 of the heat sink.

[00456] In one embodiment, the LED lighting device
comprises no additional frame since the heat sink acts as the
frame. The heat sink is designed to have a recess in which
the LED board is inserted. In this case, the heat sink acts
as a frame for maintaining in position the LED board and the
connectors 266, 368, 286, and the frame connector
corresponding to the connector 294 is located in the recess

of the heat sink.

[0047] / In one embodiment, the LED lighting device further
comprises any electronic module or circuit such as a driver
for converting the voltage delivered by the power source, for
example, and the electronic module is connected to the power
source via an electrical connector, for example. In this
embodiment, the LED board is removably connected to the
electronic module via any one of the electrical connections
illustrated in figures 3-13. Alternatively, the electronic

module can be located outside of the LED lighting device.

[0048] While the plate connectors 284 and 294 have a
rectangular shape, it should be understood that they can have
any shape such as a circular shape, for example. The plate
connectors can also have a non-planar shape such as a ball

shape.

[0049] It should be wunderstood that any electrical

connector(s) which can be positioned either on the top

- 12 -
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surface or the side surface of a circuit board in order to
removably connect the LEDs to a power source can be used. For

example, any sliding connectors can be used.

[0050]  In one embodiment, the circuit board may be
provided with a thermally conductive layer on the opposite
side of the board on which the LEDs reside. An example of a
thermally conductive layer can be a layer of graphite. Copper
can also be used for the thermally conductive layer. This
embodiment may include a plateau 56 as illustrated in fig. 1,
or may omit the plateau as the thermally conductive layer can

dissipate the heat in the horizontal direction.

[0051] In one embodiment, a heat conductive plate is
inserted between the plateau 56 and the heat sink 54. This
heat conductive plate is made of a material having a high
thermal conductivity, such as copper or graphite, for
example. This additional heat conductive plate is used to
transfer the heat generated by the LEDs form the plateau 56
to the heat sink 54. Because of its high thermal
conductivity, the heat ‘conductive plate also evenly
distributes the heat along the top surface of the heat sink
54.

[0052] In one embodiment, the circuit board may be
removably fixed to the plateau by means of screws. A thermal
paste may be used in addition to or in replacement of the
screws. Alternatively, the circuit board can be maintained in
position by the assembly of the different pieces or by an

enclosure.

[0053] Figure 14 illustrates another embodiment of the

heat sink 54 that can be used for the LED based lighting

- 13 -
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device. Heat sink 300 is cylindrical and has fins 304 on its
outer lateral surface and only one central aperture 302 to be

removably fixed to the plateau.

[0054] Figure 15 illustrates a comb-array heat sink having
vertical fins. The heat sink 350 is made of a plate cylinder

352 provided with vertical fins 354 on its top side.

[0055] In one embodiment, the plateau 56 is only
constituted of a cylindrical block that omits flange 62 and
protrusion 64. The heat sink and the plateau may be
maintained in position by way of the assembly of all the
pieces constituting the LED based lighting module or by an
enclosure. The plateau can be made of any material offering
an enhanced thermal conductivity such as graphite or copper.

Any material having good thermal conductivity may be used.

[0056] In one embodiment, the heat sink and the plateau
constituting the heat dissipating device are permanently
fixed to each other. The heat sink and the plateau may be
made of one single piece. Alternatively, they can be
permanently fixed by way of soldering, for example. Also
alternatively, the heat sink and the plateau are independent

pieces held together by pressure.

[0057] In another embodiment, the heat dissipating device

only includes a heat sink on which the circuit board is

removably affixed. Various configurations for the heat sink

can be used, including but not limited to heat sink 54, 300
or 350. The circuit board may be removably affixed to the
heat sink by screws or attached by other means. The width and
the length of the heat sink 54, 300 or 350 and the plateau 62

may be varied as a function of the heat emission

- 14 -
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characteristics and the number of LEDS affixed to the circuit

board 52.

[0058] - Figure 16 illustrates an exploded view of an LED
based 1lighting module according to one embodiment of the
present invention. The LED based 1lighting module 400
comprises a housing 402, a holding ring 404, a circuit board
52 on which reside the LEDs, a plateau 56 and a heat sink 54.
These pieces are stacked together and they are maintained in
position by screws in holes 412. The housing 402 comprises a
window (not shown) which can be made of glass or any
transparent plastic material. The holding ring 404 is used to
center the circuit board in the middle of the window. Slots
414 are provided on the housing 402 such that the LED based

lighting module 400 may be fixed to a ceiling for example.

[0059] In one embodiment, the LED based lighting module
400 comprises a lens positioned on top of the circuit board
52 in order to mix light emitted by the different LEDs
positioned on the circuit board 52. The LED based lighting
module 400 can further comprise a top threaded cap positioned
on top of the lens and attached to the frame 402. This top
threaded cap provides a pressure seal in order to maintain in
position all of the elements of the LED based lighting module
400. While the present top cap is provided with a thread and
screwed in order to be attached to the remaining of the LED
based lighting module 400, it should be understood that any
mechanical means for securely and removably attaching the top
cap to the rest of the LED based lighting module 400 can be

used.
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[0060] While the present description refers to circular
circuit board 52, it should be understood that the circuit
board can have any shape. For example, the circuit board can

be square, rectangular, etc.

[0061] It should be understood that any heat sink known to
a person skilled in the art and suitable for an LED lighting
device may be used. It should also be noted that the circuit
board, the heat éink and the plateau can have any size and/or
shape. While the illustrated examples of these pieces are
cylindrical, they may be square, for example. The surfaces of
the circuit board, the plateau and the heat sink in contact
with each other may be provided with substantially the same
surface area. Alternatively, the surface areas may differ.
For example, the circuit board may be provided with a smaller
surface area than that of the plateau, and the plateau may be
provided with a smaller surface area than that of the heat

sink.

- [0062] The embodiments of the invention described above

are intended to be exemplary only. The scope of the invention
is therefore intended to be limited solely by the scope of

the appended claims.
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I/WE CLAIM:
1. An LED lighting device comprising:

a heat dissipating device having a planar surface; and

a circuit board removably attached to said heat
dissipating device .and having a top surface, a bottom
surface, and a surrounding side surface, said circuit board
comprising at least one LED on said top surface and having at
least one electrical connector on one of said top surface and
said side surface for removably connecting said at least one
LED to a power source, said bottom surface being abutted
against said planar surface in order to transfer heat
generated by said at least one LED to said heat dissipating

device.

2. The LED lighting device as claimed in claim 1, wherein
said at least one electrical connector is a plug-in connector

located on said top surface of circuit board.

3. The LED lighting device as claimed in claim 1, further
comprising at least one mating connector connected to said
power source and engaging said at least one electrical

connector.

4, The LED lighting device as claimed in claim 3, wherein
said at least one electrical connector is a U-shaped

electrical connector on said top surface.

5. The LED lighting device as claimed in claim 3, wherein
said at least one electrical connector is an L-shaped

electrical connector on said top surface.
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6. The LED lighting device as claimed in claim 3, wherein
sald at 1least one electrical connector is a pair of hook

electrical connectors on said top surface.

7. The LED lighting device as claimed in claim 3, wherein
said at least one electrical connector is a pair of plate

electrical connectors on said top surface.

8. The LED lighting device as claimed in claim 3, wherein
said at least one electrical connector 1is a pair of

electrical plate connectors on said side surface.

9. The LED lighting system device as claimed in any one of
claims 4 to 8, wherein said at least one mating connector is

positioned on said heat dissipating device.

10. The LED lighting device as claimed in any one of claims
4 to 8, further comprising a frame for receiving said circuit
board, said at least one mating connector being positioned on

said frame.

11. The LED lighting device as claimed in claim 3, wherein
said at least one mating connector is attached to a cable for
removably connecting to said power source, said cable

extending through said heat dissipating device.

12. The LED lighting device as claimed in claim 1, wherein
said circuit board comprises a notch on said side surface to
receive a cable having a mating connector engaged in said at

least one electrical connector.

13. The LED lighting device as claimed in claim 1, wherein
said heat dissipating device comprises a heat sink and a

plateau, said plateau being positioned between said bottom
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surface of said circuit board and said heat sink, thereby
uniformly repartitioning said heat generated by said at least

one LED along a cross-section of said heat sink

14. The LED lighting device as claimed in claim 13, wherein

said heat sink is permanently fixed to said plateau.

15. The LED lighting device as claimed in claim 13, wherein

said heat sink is removably attached to said plateau.

16. The LED lighting device as claimed in claim 13, wherein
a heat conductive plate is located between said plateau and

said circuit board.

17. The LED lighting device as claimed in claim 16, wherein

said heat conductive plate is made of graphite.

18. The LED lighting device as claimed in claim 1, wherein
said circuit board includes a heat conductive layer on said

bottom surface.

19. The LED lighting device as claimed in claim 10, further
comprising a lens positioned on top of said top surface of

said circuit board.

20. The LED lighting system as claimed in claim 19, further
comprising a top threaded cap positioned on top of said lens

and attached to said frame.

21. The LED lighting system as claimed in claim 1, further
comprising an embedded driver for converting a voltage

delivered by said power source.
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22. The LED lighting system as claimed in claim 13, further
comprising a heat dissipating plate inserted between said

plateau and said heat sink.
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