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CA 02565644 2006-10-26

ABSTRACT

A lighting fixture includes a heat sink having a first mounting portion attached to a
housing. A first circuit board containing LEDs 1s mounted to a first side of a second mounting
portion of the heat sink. A second circuit board include an LED control circuit 1s mounted to a
second side of the second mounting portion. A multi-layer circuit board includes a heat-
dissipating core bonded to first and second dielectric substrates, which are bonded to first and
second electrically conductive layers. An electrical conductor extends through a through-hole in
the board to electrically connect the first and second conductive layers. An electrical insulator
inside the through-hole electrically isolates the core from the conductor. A transparent cover is
shaped to cause downwardly projecting light rays emitted from the LEDs to be refracted more
than upwardly projecting light rays. The cover also includes vertically extending projections for

horizontally refracting light.
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~ LED POOL AND SPA LIGHT

[0001]

BACKGROUND OF THE INVENTION

[0002] Uﬁtil recently light emitting diode (LED) light sources were not in common use
due to the lack of inexpensive LEDs havihg sufficient light oqtput to serﬁre- as a substitute for
incand%cent, ﬂuoréscent and other oonvé:ntional ligat SOUrcCes. Flﬁ'ther, the lack of blue and
white LEDs limited the use of LEDs in oonvenﬁongl ﬁghting applications.

[0003]' Due to the wide .ava.ilability of hlgh output LEDs, as well as blué and white
LEDs, LEDS are becoming increasingly popular for use as light s;)urcc;s in coﬁventional lighting
\ épplicétions. I.LEDs have several advantages over incandescent and other conventi onal light
.soﬁrces, including incre%ised energy efficiency, longer lif§, decreased heat generation, and other
advantz;.gm._ .

- [0004] However, a lighting ﬁxturg, such as for; a pool or spa, comprising an array of
LEDS acts quite differently from a conventional incandescent or halogen lamp. As a source, the
 LED array is much larger than the ﬁlément of a conventional lamp. Also, the light from a single
LED emanates from an intense spot. The beams must be coﬁzbined and shaped to allow for
~ refraction when entering, and passag‘e through, water on the way to lluminating the spa or pobl .

walls and floor. The shaping must also avoid loss of light from the upper water surface in order
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to deliver sufficient illumination to the pool. The individual LED beams must conditioned by
mixing 1n order to lower the spot light intensity delivered to the eye of an observer.

[0005] Conventional methods of controlling LED lights utilize pulse width modulated

(PWM) control to vary the power, and thus the output intensity of the LEDs.

BRIEF SUMMARY OF THE INVENTION

[0006] According to an aspect of the present invention, a lighting fixture comprises a
housing having an interior cavity and an opening; a transparent cover attached to the housing and
covering the opening; a heat sink including a first mounting portion and a second mounﬁng
portion, the first mounting portion being attached to the housing within the interior cavity, the
second mounting portion having a first side and a second side opposite the first side; a first
circuit board mounted to the first side of the second mounting portion; a lighting assembly
including an LED light source, the LED light source include a plurality of LEDs mounted to the
first circuit board; and a second circuit board mounted to the second side of the second mounting
portion, the second circuit board including at least of portion of a control circuit, the control

circuit being operatively connected to the LED light source for selectively providing power to

cach of the plurality of LEDs.

[0007] According to a further aspect of the present invention, an electrical circuit board
comprises a heat-dissipating core having a first side and a second side opposite the first side; a

first dielectric substrate having an outer side and an inner side opposite the outer side, the inner
side being bonded to the first side of the heat-dissipating core; a first electrically conductive
layer bonder to the outer side of the first dielectric substrate; a second dielectric substrate having

an outer side and an inner side opposite the outer side, the inner side being bonded to the second
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side of the heat-dissipating core; a second electrically conductive layer bonded to the outer side
of the second dielectric substrate; a through-hole extending through the first electrically
conductive layer, the first dielectric substrate, the heat-dissipating core, the second dielectric and
the second electrically conductive layer; an electrical conductor extending through the through-
hole and having a first end electrically connected to the first electrically conductive layer and a
second end electrically connected to the second electrically conductive layer, thereby providing
an electrical connection between the first electrically conductive layer and the second electrically
conductive layer; and an electrical insulator provided inside of the through-hole and being
interposed between the heat-dissipating core and the electrical conductor to electrically isolate
the heat-dissipating core from the electrical conductor. The first dielectric substrate and the
second dielectric substrate are thermally conductive.

[0008] According to a further aspect of the present invention, a lighting fixture
comprises a housing having an interior cavity and an opening; a transparent cover attached to the
housing and extending across the opening of the housing; and a light source projecting a beam of
light toward the opening, the beam including first light rays projecting upward toward the
transparent cover and second light rays projecting downward toward the transparent cover. The
transparent cover 1s shaped to cause the second light rays to be refracted more than the first light
rays.

[0009] According to a further aspect of the present invention, lighting fixture comprises

a housing having an interior cavity and an opening; a transparent cover attached to the housing
and extending across the opening ot the housing, the transparent cover including a plurality of

vertically extending projections distributed across a surface of the transparent cover; and a
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plurality of light source for projecting a beam of light toward the opening. The projections are
shaped to cause the beam of light to be refracted horizontally.

[0010] According to a further aspect of the present invention, a lighting fixture
comprises a housing having an interior cavity and an opening; a transparent cover attached to the
housing and extending across the opening of the housing; a reflector array including a plurality
of reflectors, each of the plurality of reflectors including a first open end, a second open end, and
first and second reflective surface each extending between the first open end and the second open
end, the first reflective surface facing the second reflective surface, the first reflective surface
facing the second reflective surface; a light source comprising a plurality of rows of LEDs each
including a plurality of LEDs, each of the rows projecting light into the first open end of an
associated one of the plurality of reflectors, wherein the light projected by each row of LEDs is
reflected by the first and second retlective surfaces of the associated reflector causing the light to
pass through the second open end of the associated reflector and through the transparent cover.

[0011] According to a further aspect of the present invention, a lighting fixture
comprises a housing having an interior cavity and an opening; a transparent cover attached to the
housing and covéring the opening; a lighting assembly including an LED light source, the LED
light source include a plurality of LEDs; and a control circuit operatively connected to the LED
light source for selectively providing power to each of the plurality of LEDs. The control circuit
includes: a microcontroller having an input connected to sense an alternating current source and
a plurality of outputs for controlling the plurality of LEDs; a plurality of multiplexers each
having a plurality of outputs and an input connected to one of the plurality of outputs of the

microcontroller; and a plurality of electronic switches each having a control input and a power

output, each power output being connected to selectively power one of the plurality of LEDs,
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each of the control inputs being connected to one of the plurality of outputs of one of the

plurality of multiplexers. The microcontroller can individually and selectively control power to

each of the plurality of LED:s.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 1s a side view of a portion of a portion of a lighting fixture schematically
illustrating an optical system according to an example embodiment of the present invention;

[0013] FIG. 2 1s front view of a retlector array of the lighting fixture of FIG. 1;

[0014] FIG. 3 is an 1sometric view of the reflector array of FIG. 2, having the LEDs
removed;

[0015] FIG. 4 1s a top view of an optical system according to an example embodiment
of the present invention;

[0016] FIG. 5 1s a perspective view of a reflector array according to an example
embodiment of the present invention;

[0017] FIG. 6 1s a schematic illustration ot a control circuit for LEDs according to an
example embodiment of the present invention;

[0018] FIG. 7 1s a schematic illustration of a control circuit for LEDs including a soft

start function according to an example embodiment of the present invention;
[0019] FIG. 8 1s a broken sectional view of a metal core circuit board according to an
example embodiment of the present invention;

[0020] FIGS. 8a-8d 1illustrate steps in an example process of producing the metal core

circuit board of FIG. §;



CA 02565644 2006-10-26

[0021] FIG. 9 1s a sectional view of an underwater pool lighting fixture according to an

example embodiment of the present invention;

[0022] FIG. 10 1s a front view of the light fixture of FIG. 9 showing a lens thereof;
[0023] FIG. 11 1s a sectional view of the lens of FIG. 10 taken along section line 11-11

in FIG. 10;

[0024] FIG. 12 is a sectional view of an underwater spa lighting fixture according to an

example embodiment of the present invention; and

[0025] FIG. 13 1s a sectional view showing details of the lens of the lighting fixture

shown 1s FIG. 12.

DETAILED DESCRIPTION OF THE INVENTION

[0026] According to an example embodiment of the present invention, a submersible
lighting fixture 1s provided for a swimming pool, spa, or other application. The lighting fixture
generally includes an light-emitting diode (LED) lamp assembly, a reflector array, a housing, a
lens, and a heat dissipation assembly. The lamp includes an array of red, blue, and green LEDs.
By controlling and mixing the output ot the LEDs, the lighting fixture produces light of varying

colors.

[0027] FIGS. 1-4 schematically illustrate various aspects of an optical system according
an example embodiment of the present invention. The optical system is designed to shape and

condition a light beam of a submersible lighting fixture to provide generally even illumination of
walls and a floor of basin containing water, such as a swimming pool, spa or the like (not

shown).
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[0028] FIG. 1 is a side cross-section of a portion of a . lighting fixture, which
schematically illustrates a reflector array 10, a transparent cover or lens 12 and an LED light
source 13 including LEDs 14. As best seen 1in FIGS. 1, 3 and 4, an example retlector array 10
includes rows of reflective and refractive surfaces 16. The LED light source 13 includes an array
of the LEDs 14 arranged in rows 17. Each row 17 of LEDs 14 is positioned adjacent to one or
more reflective and refractive surfaces 16, which are curved and/or ﬂat, and are arranged to
collect light emitted from the each row 17 of the LEDs 14 and to shape and direct the light for
passage through the lens 12. The lens 12 is shaped to provide favorable refraction and reflection
of the light beams so that, upon entering water, the beams are directed to give generally even
illumination of the pool or spa walls and floor while presenting reduced spot intensity from an

LED 14.

[0029] It should be appreciated that light rays emanate from each LED 14 in a generally
conical pattern, which is not suitable for illuminating the walls and floor of either a swimming
pool or spa. In the illustrated embodiment, the LEDs 14 are arranged in an array of horizontal
rows 17. Rays from each row impinge on reflective surfaces 16 which shape the beam of light
emanating from the array.

[0030] As shown, a combination of reflected, refracted and direct rays then impinges on
the lens 12. The lens 12 1s shaped so that rays traveling upward are refracted only slightly and
rays traveling downwards are disturbed minimally. Rays are restricted in upward angle to

minimize the light that is lost out the top of the water surface. The rays pass through the lens 12

and are refracted again at the lens/water interface. The lens 12 can be made of any suitable

matenial, including plastic, glass, or the like.
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[0031] The rays then pass through the water to the walls and floor of the pool or spa. If
the lighting fixture was not submersed, the beam pattern would be different. The combination of
the reflective surfaces 16, and the lens 12 submersed in water, serve to correct the light rays
emerging from the LED source 14 in such a way as to reduce hot spots and give more even
illumination of the walls and floor.

[0032] FIG. 4 shows a top view in which the reflector array 10 has been removed for
the sake of clarity. The lens 12 is constructed so as to have numerous vertical projections or ribs
18 that serve to refract the rays horizontally. As shown in FIG. 4, a plurality of vertically
extending projections or ribs 18 provided on the inside surface of the lens 12. A row 20 of three
LEDs 14R, 14G, 14B of different colors or wavelengths, for example red, green and blue, is
shown 1n which the light emitted 1s being refracted horizontally by the lens 12. This further
shapes the beam to match the walls and floor of the pool or spa. The refraction also causes rays
from several LEDs in each row 20 to arrive at a typical eye position of an observer 22, if one is
positioned to see into the lighting fixture. The effect is one of “smearing” the light horizontally
and creating a much larger apparent source. This decreases apparent intensity to a more
com-fortable level.

[0033] As a result of the optical effects described above with reference to the reflector
array 10 and the lens 12, the light intensity emanating from the light fixture is reduced to a
comtortable level by optically increasing the area of the light source. The LED array is a large
light source which 1s shaped by the reflector array to match the pool or spa cross section.
Minimal light is lost out of the upper water surface. The lens 12 is shaped to refract the light

towards the desired wall and floor surfaces to minimize bright and dark spots.
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[0034] FIG. 5 shows a reflector array 10’ according to an alternative embodiment of the
present invention. The reflector array 10’ includes reflective and refractive surfaces 16°. It
should be appreciated that other reflector arrays having differently shaped reflective and
refractive surfaces can be provided according to the present invention.

[0035] According to an example embodiment, a lighting fixture according to the present
invention includes two circuit boards on which LEDs and their power and control circuitry are
provided. One circuit board contains the LEDs and their current drivers and current-sourcing
Darlington transistors, along with other associated electrical corhponents. The other board
contains rectifier and voltage regulation ciréuitry, a microcontroller or microprocessor, and two
multiplexers or serial-to-parallel converters. The boards are joined by two 24-pin headers that
are soldered to each board. The headers act as stand-offs, separating the two boards.

[0036] Individual LEDs are switched on and off by the current-sourcing Darlington
transistors. The transistors are controlled by the microcontroller via the serial-to-parallel
converters. An LED i1s turned on when the base of its current-sourcing transistor is switched
from a positive voltage to ground by its serial-to-parallel converter. Conversely, an LED is
turned off when the base of its current-sourcing transistor is switched from ground to the positive
voltage. Each LED’s anode is connected to a current-sourcing transistor and its cathode

connected to ground.

[0037] The number of LEDs of a particular color that are simultaneously turned on

determines the intensity of that color. Individual LEDs are turned on and off as necessary to
vary the intensity of each color and, therefore, the overall color that is produced by the present
invention. All on-and-off switching of the LEDs occurs at frequencies perceptible to the human

cye.
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[0038] The example embodiment of the present invention can sequentially change the
colored light that it produces. Such color sequencing is achieved by turning on and off LEDs
according to a routine performed by the microcontroller. The microcontroller uses a lookup
table in performing the routine. The lookup table contains numerical values that represent the on
or off states of the LEDs at various points in the sequence.

[0039] FIG. 6 shows a control circuit 100 for controlling a plurality of LEDs 101. The
circuit can be used for pool and spa lights and landscaping lights or wherever light output control
of LEDs 1s desired. For pool and spa applications, the light will illuminate the pool or spa walls
with a variety of colors of light provided by combining red, blue, and green LEDs.

[0040] The circuit 100 according to an example embodiment of the present invention
controls an array of LEDs 101 by turning individual LEDs 101 on and off, while providing the
required current and voltage to the LED(s) 101 presently turned on. A microcontroller or
microprocessor Ul receives color output value/mode selection commands by means of AC
(alternating current) line changes. Further, an AC line input is rectified by a rectifier section 102
which feeds each of a number of LED driver circuits 107. Each driver circuit 107 includes a
filter capacitor 104, a step-down constant voltage circuit 106 and a constant current driver U3.

The filter capacitor 104 filters the AC output from the rectifier section 102 and applies it to the

step-down circuit 106, which provides the necessary current to the constant current driver U3.
Each of the constant current drivers U3 can be configured for specific voltages or current
differences based upon the particular requirement of the LED 101 connected thereto. For

example, the value of a current adjust resistor Rcy 1s selected to cause the constant current driver

U3 to provide the appropriate current for the LED 101 connected thereto.

10
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[0041] In the embodiment of FIG. 6, the constant current driver U3 of each LED driver
circuit 107 is switched on or off by one or more serial-to-parallel converters U2. The
microcontroller Ul outputs a serial word that represents which LEDs 101 are to be switched on
or off, for the color output currently selected. The microcontroller Ul controller its output to
provide a variety of different static and dynamic color shows based on the commands 1t receives.
For example, any combination of red, blue or green LEDs 101 can be powered on or off with this
method. The circuit 100 is fully scalable to control more or less LEDs 101 by connecting the
microcontroller Ul to more or less serial-to-parallel converters U2, which in turn can be
connected to more or less current drivers U3.

[0042] By turning on more or less LEDs of a particular color, the circuit 100 according
to the example embodiment of the present invention effectively controls the intensity of light that
is output of a particular color without controlling the duty cycle or otherwise controlling the
intensity of individual LEDs. The circuit 100 provides a constant current via an analog controlled
current source.

[0043] According to another aspect of the present invention, an example embodiment
includes fade-in and fade-out control of tﬁe LEDs. Fade-in 1s achieved by selectively turning on
individual LEDs at different times. Similarly, fade-out is achieved by selectively turning off
individual LEDs at different times. The present invention further includes capacitors for the soft
starting and stopping of each individual LED. Each current-sourcing Darlington transistor has a
capacitor connected to its base for the soft starting and stopping its associated LED. The
capacitor respectively discharges and charges over time when the microcontroller, through the
serial-to-parallel converter, attempts to turn the LED on and off, which results in the soft starting

and stopping of the LED.

11
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[0044] Specifically, as shown in FIG. 7, a control circuit 100’ includes an LED driver
107A-107E and a ramping circuit 108A-108E for each of a plurality of LEDs 101A-101E. The
LED drivers 107A-107E operate similarly to the LED driver circuit 107 described above with
respect to the embodiment of FIG. 6. Differences between the example embodiment of FIG. 7
and the embodiment of FIG. 6 will become more apparent from the following disclosure.
Further, more specific details of operation will be discussed below with reference to an
exemplary LED 101A, an exemplary LED driver 107A, and an exemplary ramping circuit 108A.
Additionally, while the LED drivers 107B-107E and the ramping circuits 108B-108E are each
shown schematically in FIG. 7 as simple boxes, it should be appreciated that each of the LED
drivers 107B-107E, each of the ramping circuits 108B-108E and each of the LEDs 101B-101E
operate substantially the same as the exemplary LED driver 107A, ramping circuit 108A and the
associated LED 101A.

[0045] The LED driver and ramping circuit 108A causes the LED 101A to turn on
slowly and to turn off slowly. The ramping circuit 108A includes a transistor Q1, resistor R1 and
capacitor C1. The ramp up and down of the current is a fixed time selected by component
values. The ramping of LEDs 101 as perceived by the human eye is a soft start and a soft stop of
the individual LEDs. This circuit receives a constant current from the linear constant current
source U3 and provides the current to the LEDs 101 at a ramp rate set by the resulting time
constant based on the value of the resistor R1 and the value of the capacitor C1. The current
output of the transistor Q1 is controlled by R1 and C1 output. Each LED 101 has its own
ramping circuit 108A. The individual LED selection is done by the microcontroller Ul and the

serial to parallel converter U2 (see FIG. 6). The number of LEDs required to be controlled will

12
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dictate the number of components required. Additional serial to parallel converters U2, LED
driver circuits and ramping circuits can be added as more LEDS are required.

[0046] FIG. 8 illustrates a multilayer metal-core circuit board 200, according to the
present invention, for providing thermal management for optimal performance of LEDs. The
circuit board 200 accommodates heat generating electrical components on both sides. For
example, LEDs can be provided on one side 202 of the circuit board 200 and control, driver or
other circuits on the other side 204. According to the present invention, the circuit board 200 has
a heat-dissipating metal core 206, made of copper for example, that is sandwiched between two
thermally-conductive dielectric substrates or layers 208, 210. The dielectric substrates 208, 210
can be made from any suitable material having suitable electrically insulating or dielectric
properties and having a sufficient thermal conductivity, for example greater than 1 W/m-°C. An
example of a suitable material is “T-preg 1KA Dielectric” available from Laird Technologies of
Cleveland, Ohio which as a thermal conductivity of approximately 3 W/m-°C.

[0047] An electrically conductive layer 212, 214, such as a copper foil, is provided on
the outside of each dielectric substrate 208, 210. The electrically conductive layers 212, 124 can
be etched using photoresistive or other suitable conventional etching techniques to form

conductive circuit traces.

[0048] According to the example embodiment, the top electrically conductive layer 212
supports LEDs and the bottom electrically conductive layer 214 supports the control and driver
circuits. Plated through-holes or “via” holes 216 are provided for connection of components
from the LED side 202 to the controller/driver circuit side 204 thru the metal core 206.

[0049] FIGS. 8a-8d 1illustrate an example process for producing the circuit board 200

shown in FIG. 8. First, as shown in FIG. 8a, core holes 218 are drilled in the metal core 206

13
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The core holes 218 have diameters that are larger than the desired diameter of the through-holes
216. An electrically insulating resin or other material, for example “T-preg” available from Laird
Technologies of Cleveland, Ohio, is applied to both sides of the metal core 206.

[0050] Next, as shown in FIG. 8b, the electrically insulating material 220 fills the core
holes 218 drilled in the metal core 206. The application also results in a thin coating (not shown)
of the insulating material on both sides of the metal core 206.

[0051] As shown in FIG. 8c, the metal core 206 is then assembled with the other layers
208-214 1n any appropriate order. For example, the first dielectric substrate 208 is bonded to a
first side of the metal core 206 using an appropriate adhesive. The second dielectric substrate
210 1s similarly bonded to a second side of the metal core 206. The first electrically conductive
layer 212 1s bonded to the exposed side of the first dielectric substrate 208 using an appropriate
adhesive. Similarly, the second electrically conductive layer 214 is bonded to the exposed side
of the second dielectric substrate 210.

[0052] Next, as shown 1n FIG. 8d, the through-holes 216 are then drilled in the metal
core board 200 at the same locations as the core holes 218 that were drilled in the metal core 206,
but with a drill bit having a smaller diameter. Each of the cores holes 18, which is now filed
with the electrically 1nsulating material 220, circumscribes a corresponding one of the core holes
218. As shown, the through-hole extends through the first electrically cohductive layer 212, the
first dielectric substrate 208, the metal core 206, the second dielectric substrate 210, and the
second electrically conductive layer 214. Generally tubular-shaped insulating layers or electrical

insulators 220a are formed from the electrically insulating material 220 left in the core holes 218.

[0053] Finally, as shown m FIG. 8, the through-holes 216 are then filled with

conductive solder 222 that plates the inside of the through-holes 216, connecting the LED side

14
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202 to the controller/driver circuit side 204 of the circuit board 200. The metal core 206 remains

electrically isolated from the conductive solder 222 by the electrical insulators 220a. Each of the
electrical insulators 220a is positioned inside of one of the through-holes 216 and is interposed

between the metal core 206 and the conductive solder 222.

[0054] In the illustrated embodiment, the conductive solder 222 acts as a conductor for
electrically connecting the first electrically conductive layer 212 to the second electrically
conductive layer 214. As an alternative to the conductive solder 222, a wire or other conductor
can be inserted through. the through-hole 216 and connected between the first €lectrically
conductive layer 212 and the second electrically conductive layer 21 4 Further, the wire or other

" conductor can be provided with an insulating sheath, which eliminates the need for both the

solder 222 and the electrical insulators 220::.1.

[0055] Further, according to an example embodiment of the present invention,
commands for controlling the lighting fixture according to the 'present invention are
communicated to a controller through power interruptions on a supply power line. The
controller responds to the commands that it recetves to control the LEDs. Multiple lighting
fixtures according to the present invention that are connected to the same ;supply power will
receive the same commands through power interruptions and will respond in the same way.

Examples of controlling lighting fixtures by using power interruptions can be found in U.S.

Patent Nos. 6,002,216 and 6,379,025,

[0056] As shown in FIGS. 9-11, according to a further example embodiment of the
present invention, an underwater lighting fixture 300 includes a metal housing 302 which deﬁnés
an interior cavity . The housing 302 has a front portion 304, a middle portion 305 and a rear

portion 306. The front portion 304 is generally cylindrical and the rear portton 306 is also

15
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generally cylindrical, but has a smaller diameter. The middle portion 305 is generally
frustoconical. The front and middle portions 304, 305 are joined by a step portion 308. The step
portion 308 is provided with four forwardly projecting posts 310.

[0057] The lighting fixture 300 further includes a first generally rectangular circuit
board 312 and a second generally rectangular circuit board 313. The first circuit board 312
contains a plurality of LEDs 314 and a portion of a control circuit that selectively provides power
to the LEDs 314. For example, the first circuit board could include the LED driver 107 shown in
FIG. 6 or the LED drivers 107A-107E with the ramping circuits 108 A-108E shown in FIG. 7.
The first circuit board 312 1s a metal core printed circuit board similar to the metal core board
200 shown and described above with reference to FIG. 8. The LEDs 314 are mounted on one
tace 316 of the circuit board 312. The second circuit board contains other components of the
control circuit, for example the rectifiers 102, the microcontroller U1, and the multiplexers U2
shown 1n FIGS. 6 and 7.

[0058] A reflector array 318 similar to the reflector array 10 shown and described
above with reference to FIGS. 1-3 is mounted on the same face 316 of the board where the LEDs
314 are mounted. The reflector array 318 has the form of a grid and the LEDs 314 are located in
openings 320 of the grid.

[0059] The lighting fixture 300 also includes a heat sink 322. The heat sink 322 has a
first mounting portion or flange 324 and a second mounting portion or flange 326. The first

mounting tlange 324 is generally circular and has four holes (not shown) corresponding to the
four posts 310 of the housing 302. The fist mounting flange 324 is secured to an inside surface
of the step portion 308 of the housing 302 using the posts 310 or, alternatively, by another

suitable method of attachment. The second mounting flange 326 is generally rectangular. The

16
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first circuit board 312 and the second circuit board 313 are mounted on opposite sides of the
second mounting flange 326. The first circuit board 312 and second circuit board 313 are
connected electrically by pins of a 60-pin header 328 that are soldered to each board 312, 313.
The header 328 also acts as a stand-off, physically separating the two boards 312, 313.

[0060] When the lighting fixture 300 is operated while submerged in water, heat
generated by the LEDs 314 and the heat-generating components of the control circuit is
conducted through the metal core of the first circuit board 312 to the heat sink 322. Heat that
may be generated by components attached to the second circuit board 313 is also conducted to
the heat sink 322. The heat sink 322 then conducts the heat to the housing 302, which conducts
the heat to the water that 1s surrounding the housing 302. The heat is dissipated very quickly in
the water since the total volume of water contained by a swimming pool or a spa is quite large as

compared to the lighting fixture 300.

[0061] A transparent cover or lens 330 is attached to the front portion 304 of the

housing 302. The lens extends across and covers a generally circular opening defined by the

front portion 304. The lens 330 is similar to the lens 12 shown in FIG. 4. The lens 330 has a
series of vertically projections or ribs 332 that serve to refract light rays emitted from the LEDs

314 1n a horizontal direction, as explained above with regard to FIG. 4.

[0062] FIGS. 12 and 13 illustrate another underwater lighting fixture 400 according to a
further embodiment of the present invention. The lighting fixture 400 has is similar in

arrangement to the lighting fixture 300 shown in FIGS. 9-11. A housing 402 is substantially
smaller than the housing 302 of the lighting fixture 300 of FIGS. 9-11, and therefore many of the

components of the lighting fixture 400 have been modified to fit into the smaller housing.
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[0063] The lighting ﬁkture 400 includes a housing 402 having an interior cawty 303.
Within the interior cavity 402, the lighting fixture 400 also includes a first generally circular
circuit board 412 and a seoond\ generally circular circuit board 413. The first circuit board 412
eontains an array of LEDs 414 and other e]ectrieal components. The first circuit board 412 and
second circuit board 413 are electrically connected by two 24-pin headers 415 that are soldered

'~ to each board 412, 413. The headers 415 also act as stand-offs, physically separating the two

boards 412, 413.

[0064] A reflector array 418 is mounted on the first circuit board 412 with the LEDs

- 414. The reflector array 418 has the form of.a grid and the LEDs 414 are located in Opm
420 of the grid.

- 10065] A heat sink 422- has a first mounting portion or mounting flange 426 to -' Which
the first circuit board 412 is soldered. The heat sink 422 has a generally cylindrical sidewall 423,
‘- ‘which serves as a seoend moui;ting eorﬁon and is sized io fit snuggly within the hotsing 402. A

h heat transfer compound is provided between the sidewaﬂ 423 and the hoesing 402 to improve
heat transfer from the ﬁeat smk 422 to the houeing 402. -

[0066] A lens 430 ie attached to tﬁe' housing 402. The lens 430 has a series of verticelly |
projections or ribs 432 that sm)e_ fo refract light rays emitted from the LEDs 414 in a horizontal
direction, as explained above with regard to the lens 12 of FIG. 4 .

[0067] It should be evident that this disclosure is by way of example and that various
cﬁanges may be made by addiﬂg, modifying or eliminating details without departing from the
fair scope of the teaching contained in th1s disclosure are the scope of the appended claims.

The invention is therefore not limited to particular details of this disclosure.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A lighting fixture comprising:

a housing having an interior cavity and an opening; a transparent cover
attached to the housing and covering the opening; a heat sink including a first
mounting portion and a second mounting portion, the first mounting portion being
attached to the housing within the interior cavity, the second mounting portion

having a first side and a second side opposite the first side;

a first circuit board mounted to the first side of the second mounting portion;
a lighting assembly including an LED light source, the LED light source including a
plurality of LEDs mounted to the first circuit board; and

a second circuit board mounted to the second side of the second mounting
portion, the second circuit board including at least of portion of a control circuit, the
control circuit being operatively connected to the LED light source for selectively

providing power to each of the plurality of LEDs,

the lighting fixture operating while the housing i1s submerged 1n water such
that heat generated by the LEDs and the control circuit 1s conducted to the heat

sink, the heat sink conducts the heat to the housing, and the housing conducts the

heat to the water.

2. The lighting fixture of claim 1, further comprising a header including a
plurality of pins for electrically connecting the first circuit board and second circuit

board.

3. The lighting fixture of claim 2, wherein the header further acts as a stand-ott

for physically separating the first circuit board from the second circuit board.
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