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(57) Abstract: A light emitting diode (LED) assembly is provided having a LED (104) and a temperature sensor (112) for monitor-
ing a temperature of the LED (104). An active cooling circuit (122) receives temperature input from the temperature sensor (112).
The temperature input is indicative of the temperature of the LED (104). An active cooling system (108) cools the LED (104). The

o active cooling system (108) is controlled by the active cooling circuit (122) to control a temperature of the LED (104).



WO 2012/151116 PCT/US2012/035325

LIGHT EMITTING DIODE ASSEMBLY HAVING
ACTIVE COOLING

[0001]  The subject matter described herein relates to a light emitting diode
(LED) assembly.

[0002] Generally LED assemblies include a LED module having at least
onec LED. The LED may generate a substantial amount of heat that may affect a
performance of the LED and/or the LED assembly as a whole. For example,
excessive heat may cause the LED to output less lumens of light than the LED is
intended to output. Alternatively, excessive heat in the LED may damage the LED,
LED module, and/or the LED assembly. Typically, LED modules are coupled to a
heat sink to control temperatures of the LED. The heat sink is configured to absorb
heat from the LED to maintain a performance of the LED assembly.

[0003] However, conventional LED assemblies are not without their
disadvantages. For example, heat sinks are passive cooling devices. The heat sinks
arc typically designed to effectively cool the LLED at the maximum operating
temperature of the LED. Heat sinks may not always be effective in cooling the LED,
especially when the LED is reaching substantially high temperatures. As such, heat
sinks are overdesigned for normal operation of the LED. The heat sinks are larger
than needed for most operating temperatures, leading to a bulky LED assembly. The
bulky heat sinks increase the space required to install the LED assembly. When
smaller heat sinks are used, such other LED assemblies use active cooling systems,
such as fans or other similar devices, to cool the LEDs. Such systems operate
independent of the LED assembly, require their own power source, and are not

temperature dependent.

[0004] The problem fo be solved is a need for an LED assembly having
active cooling. Another need remains for an LED assembly having a cooling system
that does not require secondary power. Another need remains for an LED assembly

that reduces the size of the components required to cool the LED.

[0005]  The solution is provided by a light emitting diode (LED) assembly
having a LED and a temperature sensor for monitoring a temperature of the LED. An

active cooling circuit receives temperature input from the temperature sensor. The
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temperature input is indicative of the temperature of the LED. An active cooling
system cools the LED. The active cooling system being controlled by the active

cooling circuit to control a temperature of the Led.

[0006] The presently disclosed subject matter will be better understood
from reading the following description of non-limiting embodiments, with reference

to the attached drawings, wherein below:

[0007] Figure 1 is a block diagram of a light emitting diode (LLED)

assembly formed in accordance with an embodiment.

[0008] Figure 2 is a circuit diagram of a LED module formed in

accordance with an embodiment.

[0009] Figure 3 is a circuit diagram of an active cooling circuit formed in

accordance with an embodiment.

[0010] Figure 4 is a flowchart of a method of operating a LED assembly in

accordance with an embodiment.

[0011] Figure 5 is a flowchart of a method of operating a LED assembly in

accordance with another embodiment.

[0012] Figure 6 is a flowchart of a method of operating a LED assembly in

accordance with another embodiment.

[0013] The foregoing summary, as well as the following detailed
description of certain embodiments will be better understood when read in
conjunction with the appended drawings. As used herein, an element or step recited
in the singular and proceeded with the word "a" or "an" should be understood as not
excluding plural of said elements or steps, unless such exclusion is explicitly stated.
Furthermore, references to "one embodiment” are not intended to be interpreted as
excluding the existence of additional embodiments that also incorporate the recited
features.  Morcover, unless explicitly stated to the contrary, embodiments
"comprising" or "having" an element or a plurality of elements having a particular

property may include additional such elements not having that property.
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[0014] Embodiments described herein include a light emitting diode
(LED) assembly having active cooling. The LED assembly includes a LED module
having a LED and a temperature sensor. The LED module also includes an active
cooling circuit. The active cooling circuit receives a temperature input from the
temperature sensor. The temperature input is indicative of a temperature of the LED.
The active cooling circuit delivers control signals to an active cooling system to cool
the LED. The active cooling system may be a fan or the like. The active cooling
system is powered by the same power supply for the LED module. The active cooling
system is controlled by the active cooling circuit by turning the active cooling system
on or off in response to the temperature of the LED. In one embodiment, the active
cooling system is adaptively controlled by the active cooling circuit. For example, the
active cooling circuit may control an output of the active cooling system based on the
temperature of the LED being within a predetermined temperature range.
Alternatively, the active cooling circuit may continually adjust the output of the active

cooling system based on the temperature of the LED.

[0015] In one embodinient, a light emitting diode (LED) assembly is
provided having a LED and a temperature sensor for monitoring a temperature of the
LED. An active cooling circuit receives temperature input from the temperature
sensor. The temperature input is indicative of the temperature of the LED. An active
cooling system cools the LED. The active cooling system being controlled by the

active cooling circuit to control a temperature of the LED.

[0016] In another embodiment, a light emitting diode (LED) assembly is
provided having a driver and a LED powered by the driver. A temperature sensor
monitors a temperature of the LED. An active cooling system cools the LED based
on a temperature of the LED. The active cooling system being powered by the driver.
A power conversion module takes off power from the driver to power the active

cooling system.

[0017]  In another embodiment, a light emitting diode (LLED) assembly is
provided having a driver and a LED powered by the driver, | A temperature sensor
monitors a temperature of the LED. An active cooling circuit receives temperature
input from the temperature sensor. The temperature input being indicative of the

temperature of the LED. A fan cools the LED. The fan being controlled by the active
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cooling circuit to control a temperature of the LED. The fan being powered by the

driver.

[0018]  The LED assembly also includes a driver to power the LED and the
temperature sensor. In an exemplary embodiment, the driver also powers the active
cooling circuit and the active cooling system. For example, a power converter may be
provided to take off power from the driver to power the active cooling circuit and the

active cooling system.

[0019] Figure 1 is a block diagram of a LED assembly 100 formed in
accordance with an embodiment. The LED assembly 100 includes a LED module
102 having at least one LED 104. The LED module 102 is electrically coupled to a
driver 106. The driver 106 directs a power signal to the LED module 102 to power
the LED module 102 and the LED 104. An active cooling system 108 is electrically
coupled to the LED module 102. The active cooling system 108 may be a fan or the
like. The active cooling system 108 is powered by the driver 106 via the LED module
102 or the LED assembly 100,

[0020] During operation, the LED 104 may generate heat that may affect
the performance of the LED module 102. For example, excessive heat may reduce an
amount of lumens produced by the LED 104. Excessive heat may also damage the
LED 104, the LED module 102, and/or the LED assembly 100. The active cooling
system 108 is conﬂgured to direct cool air to the LED module 102 to cool the LED
104 and the LED module 102. For example, the active cooling system 108 may be a
fan that directs cool air to the LED module 102. In one embodiment, the LED module
102 may also include a heat sink 110 that is cooled by the air discharged from the
active cooling system 108. Accordingly, the LED assembly 100 provided both
passive cooling {through the heat sink 110) and active cooling (through the active
cooling system 108) of the LED module 102.

[0021] In an exemplary embodiment, the active cooling system 108 is
controlled based on a temperature of the LED 104. An output (e.g. an amount of
airflow) of the active cooling system 108 is controlled based on changes in the
temperature of the LED 104. For example, the active cooling system 108 may be
turned on or off based on the temperature of the LED 104. Optionally, an output of
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the active cooling system 108 may be adaptively controlled based on the temperature
of the LED 104 being within a predetermined interval. The active cooling system 108

may also be continuously controlled based on the temperature of the LED 104.

[0022] Figure 2 is a circuit diagram of the LED module 102. The LED
module 102 includes a printed circuit board 101. The LED module 102 includes a
LED and temperature sensing component 112 mounted to the printed circuit board
101. The LED and temperature sensing component 112 may be a chip mounted to the
printéd circuit board 101. The LED and temperature sensing component 112 includes
the at least one LED 104 and a temperature sensing device 114. Optionally, the LED
104 and the temperature sensing device 114 may be separately mounted to the printed
circuit board 101 rather than being part of a single component. The temperature
sensing device 114 monitors a temperature of the LED 104. The temperature sensing
device 114 may be an active or passive temperature sensor. The temperature sensing
device 114 may be an analog or digital sensor. The printed circuit board 101 includes
a power circuit 103 to power the LED and temperature sensing component 112. The
driver 106 (shown in Figure 1) is electrically coupled to the power circuit 103 through
power inputs 116 that power the at least one LED 104 and the temperature sensing

device 114.

[0023] The LED and temperature sensing component 112 is electrically
coupled to an active cooling circuit 122, The active cooling circuit 122 is powered
via a power lead 124 and a power return 126. The active cooling circuit 122 is
powered by the driver 106 through the LED and temperature sensing component 112.
The power lead 124 extends to the active cooling citcuit 122 to provide power thereto.
The power return 126 extends from the active cooling circuit 122 back to the LED
and temperature sensing component 112, Optionally, the active cooling circuit 122

may be directly powered by the driver 106.

[0024] A pair of signal traces 128 extends from the LED and temperature
sensing component 112 to the active cooling circuit 122, The signal traces 128 extend
from the temperature sensing device 114 to the active cooling circuit 122. The signal
traces 128 may be part of the active cooling circuit 122 or the temperature sensing
device 114. The temperature sensing device 114 sends a temperature input to the

active cooling circuit 122 through the signal traces 128. The temperature input is
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indicative of a temperature of the LED 104. The active cooling circuit 122 controls
the active cooling system 108 (shown in Figure 1) based on the temperature input.
The active cooling circuit 122 controls a power output to the active cooling system
108 based on the temperature input. For example, the active cooling circuit 122 may
turn the active cooiing system 108 on or off based on the temperature input.
Additionally, the active cooling circuit 122 may control a speed of the active cooling
system 108 based on the temperature input, such as by controlling an amount of

power supplied to the active cooling system 108.

[0025] The power circuit 103 includes a power output 130 that electrically
couples the power circuit 103 to the active cooling system 108. The active cooling
system 108 is powered by the active cooling circuit 122 through the power output 130.
In particular, the active cooling system 108 is powered by the driver 106 via power
signals transmitted through the active cooling circuit 122. In an alternative
embodiment, the active cooling system 108 may be powered directly by the driver
106. A power return 132 returns a power signal from the active cooling system 108 to
the active cooling circuit 122 and the LED and temperature sensing component 112,
In one embodiment, the power return 132 may transmit a power signal directly to the

driver 106.

[0026]  In one embodiment, the active cooling circuit 122 may include at
least one control trace 134. The control traces 134 send control signals from the
active cooling circuit 122 to the active cooling system 108. The control trace 134
may send analog or digital control signals from the active cooling circuit 122 to the
active cooling system 108. The control signals may be utilized to control an output of
the active cooling system 108. For example, in an embodiment wherein the active
cooling circuit 122 controls a speed of the active cooling system 108, one or more
cotitrol traces 134 may extend between the active cooling circuit 122 and the active
cooling system 108. The number of control traces 134 may depend on a number of
inputs provided at the active cooling system 108. Alternatively, the active cooling
circuit 122 may only control the active cooling system 108 by turning the active
cooling system 108 on and off. In such an embodiment, the LED module 102 may
not include any control traces 134 between the active cooling circuit 122 and the

active cooling system 108.
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[0027]  Figure 3 is a circuit diagram of the active cooling circuit 122. The
active cooling circuit 122 may include a power conversion module 136 to take off
power from the driver 106 (shown in Figure 1). The power conversion module 136
may convert a voltage of the power signal from the driver 106. For example, the LED
module 102 may be configured to operate at approximately thirty volts. Accordingly,
the driver 106 is configured to output a power signal of approximately thirty volts.
However, the acti-ve cooling circuit 122 (shown in Figure 2) and/or the active cooling
system 108 (shown in Figure 1) may be configured to operate at approximately twelve
volts. The power conversion module 136 receives a thirty volt power signal from the
driver 106 through the power lead 124, The power conversion module 136 converts
the voltage of the power signal from thirty volis to twelve volts to accommodate

powering the active cooling circuit 122 and the active cooling system 108,

[0028] The power output 130 electrically couples the power conversion
module 136 to the active cooling system 108. Accordingly, the power conversion
module 136 converts the voltage of the power signal from the driver 106 to power the
active cooling system 108. The power return 132 returns the power signal from the
active cooling system 108 to the driver 106. The power return 132 may return the
power signal to driver 106. The power return 132 may return the power signal
directly to the driver 106, Alternatively, the power return 132 may return the power
signal to the power conversion module 136, where the power signal is_ converted back
to approximately thirty volts. The power return 132 then returns the power signal

from the power conversion module 136 to the driver 106.

10029] The active cooling circuit 122 includes active cooling controls 140,
A branch 142 of the power output 130 directs the converted power signal from the
power conversion module 136 to the active cooling controls 140. Accordingly, the
power conversion module 136 converts the voltage of the power signal from the
driver 106 to power the active cooling controls 140. The power return 132 returns the
power signal from the active cooling conirols 140 to the driver 106. The power return
132 may return the power signal directly to the driver 106. Alternatively, the power
return 132 may return the power signal to the power conversion module 136, The
power return 132 then returns the power signal from the power conversion module

136 to the driver 106.
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[0030] The signal traces 128 are electrically coupled to the active cooling
controls 140. The signal traces 128 direct the temperature input from the temperature
sensing device 114 to the active cooling controls 140. The active cooling controls
140 include circuitry (not shown) that controls the active cooling system 108 based on
an algorithm, for example, the aigorithms shown in Figures 4-6. The active cooling
controls 140 may control the active cooling system 108 by sending commands

through the control traces 134.

[0031] Figure 4 is a flowchart of an algorithm 200 for operating the LED
assembly 100 in accordance with an embodiment. The algorithm 200 is a method of
providing fixed control over the active cooling system 108 (shown in Figure 1). At
202, the LED assembly 100 is started. Starting the LED assembly 100 may consist of
activating a switch, for example, a light switch. Starting the LED assembly 100
activates the driver 106 (shown in Figure 1) to begin supplying power to the LED
assembly 100, thereby activating the LED 104 (shown in Figure 1). At 204,
peripherals are initialized. For example, the active cooling system 108 may be
warmed-up or otherwise placed in a standby operation. Additionally, the temperature
sensing device 114 (shown in Figure 2) may be activated or calibrated. The
temperature sensing device 114 may actively monitor the temperature of the LED 104
through a digital device. Alternatively, the temperature sensing device 114 may

passively monitor the temperature of the LED 104 through a passive device.

[0032] At 2006, the active cooling circuit 122 (shown in Figure 2) reads the
temperature input from the temperature sensing device 114. In particular, the active
cooling circuit 122 receives the temperature input from the temperature sensing
device 114. In an exemplary embodiment, the active cooling circuit 122 controls the
active cooling system 108 based on a fixed temperature Z. The fixed temperature Z is
predetermined based on cooling requirements of the LED 104. For example, any
temperature over the temperature 7 requires that the LED 104 be cooled.
Alternatively, any temperature below the temperature Z does not require that the LED

104 be cooled.

[0033] At 208, the active cooling circuit 122 determines whether the
temperature of the LED 104 exceeds the temperature Z. If the temperature of the

LED 104 exceeds Z, the active cooling circuit 122 activates the active cooling system
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108, at 210. If the active cooling system 108 is already activated, the active cooling
system 108 continues to power the active cooling system 108. The active cooling
system 108 is configured to produce a fixed output. For example, a fan of the active
cooling system 108 may be configured toroperate at a fixed speed. The fixed output
and speed of the active cooling system 108 may be predetermined based on output
requirements to cool the LED 104. After activating the active cooling system 108, the
active cooling circuit 122 continues to read the temperatwre nput from the

temperature sensing device 114.

[0034] If the temperature of the LED 104 does not exceed the temperature
Z, the active cooling circuit 122 deactivates the active cooling system 108, at 212. If
the active cooling system 108 is alrcady deactivated, the active cooling system 108
remains unpowered. Afler deactivating the active cooling system 108, the active
cooling circuit 122 continues to read the temperature input from the temperature

- sensing device 114,

[0035]  Figure 5 is a flowchart of an algorithm 300 for operating the LED
assembly 100 in accordance with another embodiment. The algorithm 300 is a
method of providing adaptive control over the active cooling system 108 (shown in
Figure 1). At 302, the LED assembly 100 is started. Starting the LED assembly 100
may consist of activating a swilch, for example, a light switch. Starting the LED
assembly 100 activates the driver 106 (shown in Figure 1) to begin supplying power
to the LED assembly 100, thereby activating the LED 104 (shown in Figure 1). At
304, peripherals are initialized. For example, the active cooling system 108 may be
warmed-up or otherwise placed in a standby operation. Additionally, the temperature
sensing device 114 (shown in Figure 2) may be activated. The temperature sensing
device 114 may actively monitor the temperature of the LED 104 through a digital
device. Alternatively, the temperature sensing device 114 may passively monitor the

temperature of the LED 104 through a passive device.

[0036] At 306, the active cooling circuit 122 (shown in Figure 2) reads the
temperature input from the temperature sensing device 114. In particular, the active
cooling circuit 122 receives the temperature input from the temperature sensing
device 114. In an exemplary embodiment, the active cooling circuit 122 partially

controls the active cooling system 108 based on a fixed temperature Z. The fixed
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temperature 7, is predetermined based on cooling requirements of the LED 104. For
example, any temperature over the temperature 7 requires that the LED 104 be cooled.
Alternatively, any temperature below the temperature 7, does not require that the LED
104 be cooled.

[0037] At 308, the active cooling circuit 122 determines whether the
temperature of the LED 104 exceeds the temperature Z. If the temperature of the
LED 104 exceeds Z, the active cooling circuit 122 activates the active cooling system
108, at 310. If the active cooling system 108 is already activated, the active cooling
system 108 continues to power the active cooling system 108. The active cooling
system 108 is configured to produce a fixed output. For example, a fan of the active
cooling system 108 may be configured to operate at a fixed speed. The fixed output -
and speed of the active cooling system 108 may be predetermined based on output
requirements to cool the LED 104. After activating the active cooling system 108, the
active cooling circuit 122 continues to read the temperature input from the

temperature sensing device 114,

[0038] At 312, the active cooling circuit 122 continuously adjusts an
output of the active cooling system 108. The active cooling circuit 122 adapts to any
temperature over the predetermined temperature 7. As the temperature of the LED
104 increases to temperatures over the temperature Z, the active cooling circuit 122
controls the output of the active cooling system 108 commensurate with the
temperature of the LED 104. For example, the active cooling circuit 122 responds to
increases in the temperature of the LED 104 by a corresponding increase in active
cooling system 108 output. Likewise, the active cooling circuit 122 responds to
decreases in the temperature of the LED 104 by a corresponding decrease in active
cooling system 108 output. If the temperature of the LED 104 decreases below the

temperature 7, the active cooling circuit 122 shuts off the active cooling system 108.

[0039]  If the temperature of the LED 104 does not exceed the temperature
Z, the active cooling circuit 122 deactivates the active cooling system 108, at 314, If
the active cooling system 108 is already deactivated, the active cooling system 108
remains unpowered. After deactivating the active cooling system 108, the active
cooling circuit 122 continues to read the temperature input from the temperature

sensing device 114,

10
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[0040] Figure 6 is a flowchart of an algorithm 400 for operating the LED
assembly 100 in accordance with another embodiment. The algorithm 400 is a
method of providing adaptive control over the active cooling system 108 (shown in
Figure 1). At 402, the LED assembly 100 is started. Starting the LED assembly 100
may consist of activating a switch, for example, a light switch. Starting the LED
assembly 100 activates the driver 106 (shown in Figure 1) to begin supplying power
to the LED assembly 100, thereby activating the LED 104 (shown in Figure 1), At
404, peripherals are initialized. For example, the active cooling system 108 may be
warmed-up, calibrated or otherwise placed in a standby operation. Additionally, the
temperature sensing device 114 (shown in Figure 2) may be activated. The
temperature sensing device 114 may actively monitor the temperature of the LED 104
through a digital device. Alternatively, the temperature sensing device 114 may

passively monitor the temperature of the LED 104 through a passive device.

[0041] At 406, the active cooling circuit 122 (shown in Figure 2) reads the
temperature input from the temperature sensing device 114, In particular, the active
cooling circuit 122 receives the temperature input from the temperature sensing
device 114, In an exemplary embodiment, the active cooling circuit 122 controls the
active cooling system 108 based on a predetermined temperature ranges. The
predetermined temperature ranges are based on fixed temperatures X and Y. The
active cooling circuit 122 may control the active cooling system 108 based on any
number of temperature ranges in alternative embodiments. In an exemplary

embodiment, the temperature Y is greater than the temperature X.

[0042] At 408, the active cooling circuit 122 determines whether the
temperature of the LED 104 exceeds either of the temperatures X and Y. If the
temperature of the LED 104 exceeds the temperature Y, the active cooling circuit 122
controls the active cooling system 108, at 410, at a high speed. The high speed of the
active cooling system 108 is configured to provide a greater cooling output-to the
LED 104. After activating the active cooling system 108 at the high speed, the active
cooling circuit 122 continues to receive temperature input from the temperature

sensor 114, at 406,

[0043]  If the temperature of the LED 104 exceeds the temperature X, but

does not exceed the temperature Y, the active cooling circuit 122 controls the active

11
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cooling system 108, at 412, at a medium speed. The medium speed of the active
cooling system 108 is configured to provide a cooling output to the LED 104 that is
less than the cooling output of the high speed. After activating the active cooling
system 108 at the medivm speed, the active cooling circuit 122 continues to receive

temperature input from the temperature sensor 114, at 406.

[0044] If the temperature of the LED 104 does not exceed both the
temperature Y and the temperature X, the active cooling circuit 122 controls the
active cooling system 108, at 414, at a low speed. The low speed of the active cooling
system 108 is configured to provide a cooling output to the LED 104 that is less than
the cooling output of the medium speed. In one embodiment, the active cooling
circuit 122 may shut off the active cooling system 108, if the temperature of the LED
104 does not exceed both the temperature X and the temperature Y. After activating
the active cooling system 108 at the low speed, the active cooling circuit 122

continues 1o receive temperature input from the temperature sensor 114, at 406.

[0045] The LED assembly 100 provides an active cooling system 108 that
is controlled by a active cooling circuit 122 to turn the active cooling system 108 on
or off in response to a temperature of the LED 104. In one embodiment, the active
cooling system 108 is adaptively controlled by the active cooling circuit 122. For
example, the active cooling circuit 122 may control an output of the active cooling
system 108 based on the temperature of the LED being within a predetermined
temperature range. In particular, the active cooling system 108 may be operated at
various speeds based on the temperature of the LED 104 being within a
predetermined temperature range. Alternatively, the active cooling circuit 122 may
continually adjust the output of the active cooling system 108 based on the
temperature of the LED 104. For example, the active cooling circuit 122 increases an
output of the active cooling system 108 commensurate with an increase in the
temperature of the LED 104, Likewise, the active cooling circuit 122 decreases an
output of the active cooling system 108 commensurate with a decrease in the
temperature of the LED 104. The active cooling system 108 eliminates the need for

bulky and expensive passive heat sinks.

[0046] The LED assembly 100 also includes a driver 106 to power the

LED 104. In an exemplary embodiment, the driver 106 also powers the active

12
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cooling circuit 122 and the active cooling system 108. For example, a power
conversion module 136 may be provided to convert a voltage of a signal from the

driver 106 to power the active cooling circuit 122 and the active cooling system 108.

13
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WHAT IS CLAIMED IS:

1. A light emitting diode (LED) assembly (100) comprising:
‘aLED (104);
a temperature sensor (112) for monitoring a temperature of the LED (104);

an active cooling circuit (122) for receiving temperature input from the
temperature sensor (112), the temperature input indicative of the temperature of the

LED (104); and

an active cooling system (108) for cooling the LED (104), the active cooling
system (108) controlled by the active cooling circuit (122) to control a femperature of

the LED (104).

2, The LED assembly (100) of claim 1, wherein the active cooling circuit
(122) controls the active cooling system (108) to turn the active cooling system (108)
on or off based on the temperature of the LED (104).

3. The LED assembtly (100) of claim 1, wherein the active cooling circuit
(122) controls an output of the active cooling system (108) based on the temperature

of the LED (104) being within a predetermined temperature range.

4. The LED assembly (100) of claim 1, wherein the active cooling circuit
{122) continually adjusts an output of the active cooling system (108) commensurate

with the temperature of the LED (104).

5. The LED assembly (100) of claim 1, wherein the LED (104) is
powered by a driver (106), power being taken off the driver (106) to power at least

one of the active cooling circuit (122) or the active cooling system (108).

6. The LED assembly (100) of claim 1, wherein the active cooling system
(108) includes a fan powered by the active cooling circuit (122).

7. The LED assembly (100) of claim 1 further comprising a printed
circuit board (101), the LED (104) being mounted to the printed circuit board (101),

the active cooling circuit (122) being a circuit of the printed circuit board (101).

14
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8. The LED assembly (100) of claim 1 further comprising a printed
circuit board (101), the printed circuit board (101) having a power circuit (103), the
LED (104) being mounted to the printed circuit board (101) and being supplied power
from the pbwer circuit (103), the active cooling system (108) being electrically
conhected to the power circuit {103} and being supplied power from the power circuit

(103).
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