1 | MPROVED LED MODULE Field of the Invention The field of the present

I nvention relates to a lighting nodule including a 5 light emtting diode
(LED), and pertains particularly to an energy regulating, thermally stable
LED based nodul e for use in hand held portable |ighting devices, such as
flashlights. Background O The Invention LEDs have been used in various

applications including illumnating 10 watches, transmtting information
fromrenote controls, and formng images on junbo television screens. Mre
recently, LEDs have been used in portabl | i ghting devices (such as

flashlights), because, anong other things, LEDs can | ast |onger, produce
light nore efficiently, and can be nore durable than i ncandescent | anps
commonly used in conventional flashlights. Mreover, because flashlights 15
that use incandescent |anps donminate the field,.LED nodules (a nodul e that
uses an LED as its light source ed that can be retrofitted
into existing flashlights. A pi . it r epl aci ng an i ncandescent
| anp of an existing flashlight W|th an LED nodul e, without nore, is that it
fails to o it t 20 its potential |ighting capacity under a
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r?onger proQuce Haw more efﬁCIen , and can be more durable than incandescent
lamps commonly used in conventional flashlights. Moreover, because flashlights
15  that use incandescent lamps dominate the field, LED modules (a module that
uses an LED as its light source) have been designed that can be retrofitted into
existing flashlights.

A problem with simply replacing an incandescent lamp of an existing

flashlight with an LED module, without more, is that it fails to operate the LED at
20 its potential lighting capacity under a thermally stable condition.

It is known that LEDs produce more light with increased forward current. In
situations where available voltage is abundant, the LED may be driven close to its
maximum forward current value to produce more light. However, where the
available voltage is limited or depletes over time, such as in the case of a battery

25 powered flashlight, delivering a forward current close to the LED's maximum value
may not be possible. A similar concern exists if the battery or batteries contained
in an existing flashlight provides too much voltage, thereby delivering a forward
current above the LED's maximum value, which will result in damage to the LED.

Another problem with simply replacing an incandescent lamp of an existing

30  flashlight with an LED module is that it fails to address the thermal consequences
associated with LEDs. Although LEDs produce light more efficiently than their
incandescent counterparts, LEDs generate significantly more heat. Therefore,
effective dissipation of heat is needed to maintain the LED temperature within its



design limts. One effective way of dissipating heat generated by a |ight
source in a flashlight is disclosed in a co-pending application 10/922,714
entitled Inproved LED Flashlight, filed August 20, 2004, which is hereby

i ncorporated by reference However, in the case of an LED nodule that is
designed for retrofit, the 5 existing flashlight into which the LED nodul e
Is used may not be able to sufficiently dissipate the increased heat that is
produced by the LED. Most LEDs have projected |life and | unen capacity that
I's conditioned on maintaining a prescrpbed LED operating tenperature. |f
this tenperature is not maintained, the I|ife and/or the strength of the
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Summary Of The Invention
20 The present invention involves a lighting module that is energy regulating
and thermally self-stabilizing, and that is able to be retrofitted into an existing
flashlight.
in one embodiment, the lighting module includes an LED, an amplifying
circuit and a microchip. The amplifying circuit has a thermistor arranged to sense
25 heat from the LED. The microchip is coupled to the amplifying circuit and a
switching device to regulate the energy that is delivered to the LED. The
switching device may be part of a boosting circuit, a bucking circuit or an inverting
circuit.
[In a second embodiment, the lighting module includes a conductive
30  housing, an LED, and a circuit board. The circuit board includes a module circuit
that is electrically coupled to the: LED. The circuit is at least partially contained
within the cavity of the housing and also has a thermistor to sense heat from the
LED. The thermistor may be coupled to an amplifying circuit. The gain of the
amplifying circuit may adjust according to the temperature senses by the




3 thermstor. The output of the anplifying circuit may also be the input to
a mcrochip. [In another enbodi nent, the nodule can have a nodule circuit
that is configured to regulate energy that is delivered to the LED based on
the sensed 5 tenperature of the LED, In yet another enbodi nent, the LED
nodul e can have a nodule circuit that includes an energy regulating circuit
and a thermal sensitive anplifying circuit. Brief Description O The
Drawings FIG 1A is a circuit diagram of one enbodinent of a main circuit of
an 10 electronic device. FIG 1B is a gectional view of a flashlight

enbodyi ng the main ci rcuit of FIG 1A FIG 2is an enl arged sectional view

of the foryard. secti t he flash 15 FIG,3 is acircuit
di agr am of w‘%ﬁ'@'si‘?{bo i Hf‘tpéllt of Wﬁdﬁmg%éhnlgcﬁ'i"fu't A3y, abR g? esiEPHl 4P view
of an LED migto¢hépi npl ementing the nodule circuit of FIG 3. FIG 4B i s an
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enmbodi ment amplifyingediteutdi rcuit 70 of an el ectronic device includes a power
source 2, a main switch 4, and an LED nodul e 40, Energy fromthe power
source 2 | ,etf erabl dr| he _LED nodul e 40, and the main switch 4
control s tBESEAR io @¥iR9%ered to the LED nodule 40. In one

enbodi ment of tiG. p‘rﬁesgrat cuﬁ@.utl olagrin @f,orichemBBtimeni dfcd rdaif i difeult ¢fl arpws or
di sr upis t&%ﬁg #,ldg{?ncg energy from the power source 2 to reach the LED
rmdule40 0o FIG 1 B, the main circuit 70 is shown in one
embodi nent of &IG.|HElg iagsrcticoal vinw of| adlashlight entbadydiguthes maibaircwit o2, a
tail cap aspg3rhlgyy 20, a head

FIG. 2 is an enlarged sectional view of the forward section of the flashlight
of FIG. 1B. 4
15 FIG. 3 is a circuit diagram of one embodiment of a module circuit.
FIG. 4A is a sectional view of an LED module mplementmg the module
circuit of FIG. 3.
FIG. 4B is an exploded view of an LED module implementing the module
circuit of FIG. 3.
20 FIG. 4C is a perspective view of an LED module implementing the moduie
circuit of FIG. 3.
FIG. § is a circuit diagram of a second embodiment of a module circuit.
FIG. 6 is a circuit diagram of a third embodiment of a module circuit.

Detailed Description Of Preferred Embodiments
25 Turning now to the drawings, as shown in FIG. 1A, a schematic depiction of
one embodiment of a main circuit 70 of an electronic device includes a power
source 2, a main switch 4, and an LED module 40. Energy from the power source
2 preferably drives the LED module 40, and the main switch 4 controls the energy
that is delivered to the LED module 40. In one embodiment of the present
30 invention, the main switch 4 simply allows or disrupts the available energy from
the power source 2 to reach the LED module 40.
Referring to FIG. 1B, the main circuit 70 is shown in one embodiment of a
flashlight 10. The flashlight 10 includes a barrel 12, a tailcap assembly 20, a head
assembly 30, the LED module 40, and a main switch assembly 50. In the




assenbly 30, the LED nodule 40, and a main switch assenbly 50. In the 4
enbodi nent illustrated, the barrel 12 encases two batteries 14, 15. The head
assenbly 30 and the LED nodule 40 are preferably di sposed about the forward
end of the barrel 12; the tailcap assenbly 20 Is preferably disposed to

encl ose the aft end of the barrel 12; and the main switch assenbly 50 is
preferably interposed 5 between the LED nodul e 40 and batteries 14, 15. In
the illustrated enbodi ment, -the batteries 14, 15 serve as the power source
2 of the main circuit 70. In a preferreg embodi nent, the batteries 14, 15
are al kaline type dry cell batteries. However, other suitable portable
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assembly 50.

20 The main switch assembly 50 preferably includes a user interface 68, a
plunger 72, a snap dome 73, a main switch circuit board 74, a main switch battery
contact 75, a main switch module contact 76, and a switch housing 77. In the
ilustrated embodiment, the center electrode of the forwardmost battery 14 is
electrically coupled to the main switch battery contact 75 through the contact

25  button 16; the main switch battery contact 75 is electrically coupled to the main
switch circuit board 74; and the main switch circuit board 74 is electrically coupled
to the main switch module contact 76.

The main switch assembly 50 is preferably a momentary switch. When the
user interface 68 is depressed, the plunger 72 pushes the snap dome 73 into

30  contact with a select portion of the main switch circuit board 74. This momentary
contact is received as a signal o the switch circuit board 74 which in turn passes
or disrupts the energy flow from the batteries 14,15 to the main switch module
contact 76. In this way, the main switch assembly 50 can turn the flashlight 10 on
or off. The main switch circuit board 74 may additionally include circuitry suitable

- 35 for providing functions to the flashlight 10, such as for example, flashing, dimming
or strobing by affecting the current that is delivered to a light source or, in the



contact 76. In this way, the main switch assenbly 50 can turn the flashlight
10 on or off. The main switch circuit board 74 may additionally include
circuitry suitable 35 for providing functions to the flashlight 10, such as
for exanple, flashing, dimmng or strobing by affecting the current that is
delivered to a light source or, in the 5 illustrated enbodi nent, the LED
nodul e 40. O her functions may include an electronic gane, a gl obal
positioning transponder, a digital conpass, or other conmmercially desirable
functions. Still referring to the illusg¢rated enmbodi nent of FIG 2, the main
switch 5 battery contact 75 and nodul e contact 76 are configured to include
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about the end of the spring 17,) that are 25 electrically connected
to theljmain svalu’mughdthieerrmmsmtbhhfssembdméOeaﬂ cesdribed tdmeveL;Evadee 40 on
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prefer abl Yfiexible configuration for adding, revising or deleting functions from the flashlight
| 20" 10. Also, the main switch assembly 50 as described avoids high oxidation
~ problem between contacts often experienced with mechanical switches.
Still referring to FIG. 2, the current flowing from the main switch assembly
50 to the LED module 40 is preferably achieved through the spring 17 and a
receptacle 18, (which is disposed about the forward end of the spring 17,) that are
25  electrically connected to the main switch module contact 76 on one end and to the
LED module 40 on the other end. The spring 17 urges the receptacle 18 toward
the positive contact of the LED module 40. In the illustrated embodiment, the
current flows into the LED module 40 at its positive contact 28, and flows out of
the LED module 40 at its outer housing 24. The electrical energy then preferably
30  passes through conductive means to the barrel 12, through the tailcap assembly
20; and returns to the negative end of the aftmost battery 15. In this way, the
main circuit 70 of the flashlight 10 is completed.
The barrel 12 is preferably made from a conductive material, preferably
aluminum, so that it may serve as pért of the current path of the main circuit 70
35 between the LED module 40 and the power source 2, i.e., batteries 14, 15,
However, the barrel 12 may alternatively be made of non-conductive material,



30 passes through conductive nmeans to the barrel 12, through the tailcap
assenbly 20; and returns to the negative end of the aftnost battery 15. In
this way, the main circuit 70 of the flashlight 10 is conpleted. The barrel
12 is preferably made froma conductive material, preferably aluminum so
that it may serve as part of the current path of the main circuit 70 35

bet ween the LED nodul e 40 and the power source 2, i.e., batteries 14, 15.
However, the barrel 12 may alternatively be made of non-conductive naterial,
6 such as plastic or rubber, and may include a current path by having a

conductive sleeve wthin a non-conductive barrel to serve as part of the
current patsh din US. patent Nos. 4,656,565 and
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As shown in FIG. 1B and FIG. 2, the head assembly 30 includes a head 31,

20 'a reflector 33, a‘lens 35 and a icap 39. The reflector 33 and lens 35 are
Interposed between the head 31 and the cap 39 as illustrated in EIG. 2. The
reflector 33 preferably includes a reflective parabolic surface to reflect the light
emanating from the LED module 40. The head assembly 30 may be secured to
the barrel 12 by thread engagement.

25 As already mentioned, and schematically depicted in FIG. 1A, the current
from the power source 2 flows into the LED module 40 at its positive contact 28
and ﬂqws out of the LED module 40 from its outer housing 24. Referring to FIG.

3, a schematic depiction of one embodiment of the LED module 40 according to
the present invention generally includes an LED lamp 22 and a module circuit 38.

30 Referring to FIG. 3, 4A, 4B and 4C, the LED lamp 22 is preferably
commercially available and includes an LED and LED leads 82, 83 to which the
module circuit 38 connects. Typically, LED's are rated according to permissible
operating conditions. For example, an LED may be limited to a maximum forward
current rating of 1000 mA, and a maximum LED junction temperature of 135°C,

35 An objective of the present invention is to have the LED lamp 22 produce
as much light as possible, for as long as possible, without damaging the LED lamp



and flows out of the LED nodule 40 fromits outer housing 24. Referring to
FIG 3, a schematic depiction of one enbodi ment of the LED nodul e 40
according to the present invention generally includes an LED | anp 22 and a
nmodul e circuit 38. 30 Referring to FIG 3, 4A, 4B and 4C, the LED lanp 22 is
preferably comrercially avail able and includes an LED and LED | eads 82, 83
to which the nodule circuit 38 connects. Typically, LED s are rated
according to perm ssible operating conditions. For exanple, an LED may be
limted to a maxi mumforward current rating of 1000 mA, and a maxi num LED
junction tenperature of 135C. 35 An objective of the present invention is to
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20 rating. In such a situation, the boosting circuit 44 steps up the available voltage to
approximately 3.6 Volts so that the desired forward current may be delivered to
the LED lamp 22. The boosting circuit 44 also serves to maintain the desired
forward current as the voltage level of the batteries diminish over time.
In a preferred embodiment, the boosting circuit 44 is a switching regulator.
25‘ Referring to FIG. 3, the boosting circuit 44 includes a microchip 46, a switching
MOSFET 54, an inductor 58, a capacitor 59, and a diode 61. The microchip 46
controls the switching duty cycle of the switching MOSFET 54. As illustrated, the
switching MOSFET 54, inductor 58, the capacitor 69, and the diode 61 are
arranged in a manner commonly known to those skilled in the art to form a boost
30 converter. The microchip 46 receives feedback by way of the thermal sensitive
amplifying circuit 52. When the feedback is outside a specified regulation range
the microchip adjusts the MOSFET's duty cycle until the regulation range is met,
The boosting circuit 44 described herein may be composed of other
suitable circuitry or devices that step up the input voltage. For example, instead of
35 having the inductor 58 as the energy-storage element of the boosting circuit 44
other suitable energy storage elements, such as a capacitor or a transformer may



In a preferred enbodi nent, the boosting circuit 44 is a switching regul ator.
25 Referring to FIG 3, the boosting circuit 44 includes a mcrochip 46, a
switching MOSFET 54, an inductor 58, a capacitor 59, and a diode 61. The

m crochip 46 controls the switching duty cycle of the sw tching MOSFET 54.
As illustrated, the sw tching MOSFET 54, inductor 58, the capacitor 59, and
the diode 61 are arranged in a manner conmmonly known to those skilled in
the art to forma boost 30 converter. The microchip 46 receives feedback by
way of the thermal sensitive anplifying circuit 52. Wien the feedback is
outside a specified regulation range, the mcrochip adjusts the MOSFET' s
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20  resistor 66. As configured, it is understood by those skilled in the art that the first
resistor 64, the second resistor 66 and the thermistor 56, in combination, define
the gain of the amplifying circuit 52. The thermistor 56 is a temperature
responsive resistor that changes its resistance according to the sensed
temperature. Therefore, as the sensed LED lamp 22 temperature varies, the gain
25  of the amplifying circuit 52 varies.
In ‘a preferred embodiment, the thermistor 56 has a negative
resistance/temperature coefficient. Accordingly, when the temperature of the LED
module 40 increases, the thermistor resistance decreases, and the gain of the
amplifier circuit 52 increases. With the microchip feedback above the regulation
30 range, the microchip 46 decreases the duty cycle of the switching MOSFET 54
and reduces the current that is delivered to the LED lamp 22. In this way, the
temperature effects of the LED lamp 22 can be monitored and prevented from
damaging the LED or the controlling electronics. In a preferred embodiment, the
microchip 48 is configured to regulate the current delivered to the LED lamp 22 to
35  approximately between 875 mA and 930 mA at a thermistor sensed temperature



resistor 64, the second resistor 66 and the therm stor 56, in conbination,
define the gain of the anplifying circuit 52. The therm stor 56 is a
tenperature responsive resistor that changes its resistance according to
the sensed tenperature. Therefore, as the sensed LED | anp 22 tenperature
varies, the gain 25 of the anplifying circuit 52 varies. In a preferred
enbodi nent, the therm stor 56 has a negative resistance/tenperature
coefficient. Accordingly, when the tenperature of the LED nodule 40

i ncreases, the thermistor resistance degyeases, and the gain of the
anplifier circuit 52 increases. Wth the m crochip feedback above the
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20 In this way, the LED module 40 allows the initial operation of the flashlight
to be at a high power output, and to deliver more light, while protecting the
electronics from heat damage. Without the thermal stabilizing capability as
described and illustrated above, driving the LED lamp 22 at 750 mA may result in
heat damage to the LED. Operating the LED lamp 22 at lower current will result in

25  less light.

Having now described the schematic depiction of one embodiment of the
LED module 40, a preferred physical implementation of the LED module 40 is
illustrated in Figs. 4A, 4B, and 4C. The LED module 40 includes the LED lamp
22, the outer housing 24, a circuit assembly 60, and a holder 26. The circuit

30 assembly 60 is preferably held in the holder 26; the holder 26 is preferably
arranged within the outer housing 24; and the LED lamp 22 is preferably disposed
on the forward end of the holder 26.

Preferably, the outer housing 24 is made from a conductive material. In the
illustrated embodiment, the outer housing 24 is generally a receptacle including a

35 first end 88, a second end 92 and a cavity 94. The cavity 94 may include

features, such as slots, to receive and align holder 26 therein.



known to those skilled in the art. 20 In this way, the LED nodule 40 all ows
the initial operation of the flashlight to be at a high power output, and
to deliver nore light, while protecting the electronics from heat damage.
Wthout the thermal stabilizing capability as described and illustrated
above, driving the LED lanp 22 at 750 mA may result in heat damage to the
LED. Operating the LED lanp 22 at lower current will result in 25 |ess

| i ght. Havi ng now descri bed the schematic depiction of one enbodi ment of the
LED nodul e 40, a preferred physical ingphenmentation of the LED nodule 40 is
illustrated in Figs. 4A, 42, and 4C. The LED nodul e 40 includes the LED | anp
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housi ng 24h e&l‘ﬁﬂ@%é@ﬁ'ﬂ%‘épﬂ)ﬁe&‘dw g‘ue[ I recantiogtcontacts 36, 37 and the LED
lead 82, 83 are mechanical, or particularly, by friction, to ease manufacturing and
production costs. However, any suitable electrical connection methods, such as
20 soldering, can be used.
Arranged as described, the components of the module circuit 38 are
mounted to the circuit board 32 and contained in the LED module 40. The
physical arrangement of the LED module 40 as just described is one suitable way
to implement the module circuit 38 and operate the LED lamp at its lighting
25 potential while protecting the electronics from heat damage by monitoring the heat
generated from the LED and decreasing the current flowing thereto if necessary.
The external dimensions of the LED module 40, and particularly the outer housing
24, is preferably consistent with PR type light bulbs. Having such an external
dimension facilitates retrofitting the LED module 40 as described herein into
30 existing flashlights that receive incandescent PR type light bulbs. However, the
present invention as described herein is not limited by the external dimension or
features as illustrated. The benefits and advantages of an LED module that
operates the LED at its potential, that is thermally self-stabilizing, and that is able
to be retrofitted into an existing flashlight may be achieved through numerous
35 external configurations.



and second LED reception contacts 36, 37 of the circuit assenbly 60.
Preferably, the electrical connection between the LED reception contacts
36, 37 and the LED I|ead 82, 83 are nechanical, or particularly, by
friction, to ease manufacturing and production costs. However, any suitable
el ectrical connection nmethods, such as 20 soldering, can be used. Arranged
as described, the conponents of the nodule circuit 38 are nounted to the
circuit board 32 and contained in the LED nodul e 40. The physi cal
arrangenment of the LED nodule 40 as juzﬁ described is one suitable way to

I mpl enent the nodule circuit 38 and operate the LED lanp at its lighting 25
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the thermal senBie iseasanyssistgn 4§ voitagauiis #pplifiise byaitie pbarmalt kemsitiesses:
through thensRIRg diRSitSPac8oidgtd 8%ain that is a function of the LED lamp 22
temperature. The output of the thermal sensitive amplifying circuit 52 is feedback
20  to the microchip 46 which regulates the current that is delivered to the LED lamp
22 by adjusting the duty cycle of the switching MOSFET 54.
In a second embodiment of an LED module 40a, the power source 2
coupled to the LED module 40a may have a potential that is above what is
needed to deliver the desired forward current. For example, in the instance where
. 25 aflashlight includes four batteries arranged in series, it would have an operating
range of 3.6 Volts to 6.0 Volts. In such an instance, the module circuit 38a
preferably includes a controlled voltage bucking circuit 84 in place of a boosting
circuit 44. Referring to Fig. 5, a schematic depiction of this second embodiment of
the LED module 40a generally includes an LED lamp 22 and a module circuit 38a.
30  The module circuit 38a includes a controlled voltage bucking circuit 84, the sense
resistor 48, and the thermal sensitive amplifying circuit 52. The voltage bucking
circuit 84 is controlled because it includes feedback to adjust its output. The
bucking circuit 84 output drives the LED lamp 22, and receives the sense resistor
48 feedback through the thermal sensitive amplifying circuit 52.
35 Referring to FIG. 5, the bucking circuit 84 is preferably a buck regulator or a
bucking circuit and includes a microchip 46a, a switching MOSFET 54a, an



negative contact 34 which is coupled to the outer housing 24. The outer
housing 15 24 is coupled to the barrel 12, the tail cap assenbly 20, and
finally to the negative end of the aftnost battery 15 to conplete the main
circuit. The sense resistor 48 voltage is anplified by the thermal sensitive
anplifying circuit 52 according to a gain that is a function of the LED | anp
22 tenperature. The output of the thermal sensitive anplifying circuit 52
is feedback 20 to the mcrochip 46 which regulates the current that is
delivered to the LED |l anp 22 by adjusqﬁng the duty cycle of the swtching
MOSFET 54. In a second enbodi nent of an LED nodul e 40a, the power source 2
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20 arranged in a manner commonly known to those skilled in the art to form a
inverting circuit.
While various embodiments of an improved LED module and its respective
components have been presented in the foregoing disclosure, numerous
| modifications, alterations, alternate embodiments, and alternate materials may be
25  contemplated by those skilled in the art and may be utilized in accomplishing the
various aspects of the present invention. Thus, it is to be clearly understood that
this description is made only by way of example and not as a limitation on the
scope of the invention as claimed below. ‘



enbodi nent - of the LED nodul e 40b generally includes an LED | anp 22 and a
nodul e circuit 38b. The nodule circuit 38b includes a controlled voltage
inverting circuit 86, the sense resistor 48, and the thernmal sensitive
anplifying circuit 52. The inverting circuit 86 is controlled because it

i ncl udes feedback to adjust its 15 outddt. The inverting circuit 86 out put
drives the LED lanp 22, and receives the sense resistor 48 feedback through
the thermal sensitive anplifying circuit 52. Referring to FIG 6, the
inverting &aiMsiit 86 is preferably an inverting regulator or inverting
circuit and includes a mcrochip 46b, a swi tching MOSFET 54b, an inductor
58b, a capacitor 59b, and a di ode 61b. These conponents are 20 arranged in
a manner comorly krfolighting mokuledorSlashligbts, said tigheingntodule donpmisiag: i nverti ng
circuit. Wile | QUS. iments of an inproved LED nodule and its
respective coﬁg@h%nlgmﬁg@ggbeen presented in the foregoing disclosure,
numerous nodi fancapliyisy catditinalubiogsy therhistanassid endrnnktoeatangeand sthter nat e

mat eri al S.hggt%rot?ﬁs% Qet S{ﬁ'ﬁélglto%d_ by, those skilled in the art and may be

utilized in accorrp?i“éhﬁi i Vet dous aspects of the present invention.

Thus, it is toabeicoickipriayingranenmitaad ahlvatput, tshidsarisiing SitduRRoliSledBrigai®nl y by

way of ex e d.nat as limtation on the scope of the invention as
cl ai med b@{i&@\l/v_sa OUtEI%a?O#E!e%fP aASVV'F%W?i q?d":ﬁdg%ﬂ rsghd'af‘)esfqns&wl deJiveed todhey

| i ghting lgdwnettiogriodiesi ng: a light emtting diode; an anplifying circuit
including a therm stor, said therm stor arranged to sense heat fromsaid
light emtting diode; and a mcrochip having an input and an output, said

anplifying cireuit eoiynted raedsidiod cldiMPHtwh&airts AYsich UM AL Fsgeeﬁt.
swi tching devjce that regul ates energy delivered to the 1ighf enmitting

di ode. 2. X 3PRMNAG Ul e of claim 1, wherein said switching device is
part of a boosting circuit. 3. Alighting nodule of claim1, wherein said
switching device is part of a bucking circuit. 4. A lighting nodul e of
claim 1, wherefn saPdighingcRPAgeddiglaia il swparain sefd awitthmngrdeving isiparti t . 5.
A lightings gBdeligy Bfcut! @ m 1, wherein said switching device is a MOSFET.

4, A lighting module of claim 1, wherein said switching device is part
of an inverting circuit.

5. A lighting module of claim 1, wherein said switching device is a MOSFET.

6. A lighting module of claim 1, wherein said microchip is configured to
operate the switching device such that 875 mA to 930 mA is delivered to the light
emitting diode when said thermistor senses between 20°C to 30°C.

7. A lighting module of claim 1, wherein said microchip is configured to
operate the switching device such that 880 mA to 910 mA is delivered to the light
emitting diode when said thermistor senses between 23°C to 27°C

8. A lighting module of claim 1, wherein said microchip is configured to
operate the switching device such that substantially 900 mA is delivered to the light
emitting diode when said thermistor senses 25°C.



6. Alighting nodule of claim1l, wherein said mcrochip is configured to
operate the switching device such that 875 mA to 930 mA is delivered to the
light emtting di ode when said therm stor senses between 20C to 30C. 7. A
lighting nodule of claim1, wherein said mcrochip is configured to operate
t he switching device such that 880 mA 910 mMA is delivered to the |ight
emtting di ode when said therm stor senSes between 23C to 27C 8. A lighting
nodul e of claim1, vvherei n said mcrochip is configured to operate the

swi tchi ng devige sug hat S y 900 .mA is delivered to th

emtting di odegv\,hen Hng H‘é‘?cﬁﬁ%f)gffa%rﬁs eé%@:sai"im'@“mpﬂ? §H'E'fo ‘ﬁ{ﬁjul e of
claimi1, vdyeiraté nhséﬁnérgm &fa@d@lq@hvae@cmfsmmgm emittirep dicaleeby ejushieg ghe t hat i's
del i vered t f?ql,\ﬁ? ? ?c% di pde by adjusting the swtching duty
cycle of §‘éﬁ YR %@oﬁ%ﬂﬁs TS 9EXIFi ghti ng nodul e of claim 1, wherein
said mcrochip is configured to operate t he switching device such that 330

mA to 450mﬁ\|?del ve edtotp |% emttllr;;% di ode when said therni stor
senses between'80C 2 di9tBemogiie af plRgH: NSRRI SR BYCreship A SONiigWREIN sai d

m crochi pobéraf‘eoﬂfe' QMiERfhd BevieP8EH that @@othts Nsngmaeisi diveieantol hatiighB0 MA to
370 mMA is delivered to the light emtting diode when said thermstor senses

bet ween 96®iting ci@m/hqrzsawherr@ﬁtor ﬁ%ﬂsﬁﬁééﬁ"\@eﬁﬁocﬂ"& HO0iC. wherein said
mcrochip is configured to operate the swtching device such that
substantially 330 mA is delivered to the light emtting diode when said
therm stor sendés 1H0dighting mosulg ghelpiy Tryderain sridc Migraship isvserfigueds ia d

ni crochi pobﬁa?e mecé\iv?i&rhﬂ%eééﬁ%e sucfthaf 330 GHA BB APHA & @iivEledl (8 the (R €1 N

said mcrochip is energized power source, wherein the energy of said
power souf@dtintefipde whensaid thQrW@tOFJ_SEHS% betgmn&@qmd@pecfor a flashlight,
said lighting nodul e conprising: a conductive housing including a first
end, a second end, and a cavity; a light emtting diode disposed on the
first end of sakd cAri'd;min@ veodutriof nigim 1amdhezeinisaguimicroddp ds icanfigudechép a
nodul e ci ' Ie ounl | ogle, . sai d
cireur ¢ bagstate,ferGateh R daE Al SenBistat 18 AR bRk T B8 ickf
housi ng, saitithgnickd wheri $a1djtmrm|ator sgnsas 1B@10r stor to sense heat fromsaid
light emtting diode. 16. A lighting nodule of claim15, wherein said
therm stor is coupled to an

13. A lighting module of claim 1, wherein said microchip is a microprocessor.

14. A lighting module of claim 1, wherein said microchip is energized by a

power source, wherein the energy of said power source depletes over time.

15.  Alighting module for a flashlight, said lighting module comprising:

a conductive housing including a first end, a second end, and a cavity;

a light emitting diode disposed on the first end of said conductive housing;
and

a circuit board including a module circuit electrically coupled to said light
emitting diode, said circuit board at least partially contained within the cavity of said
housing, said module circuit having a thermistor to sense heat from said light emitting
diode.

16. A lighting module of claim 15, wherein said thermistor is coupled to an

amplifying circuit.
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anplifying circuit. 15 17. A lighting nodule of claim15, wherein said
nmodul e circuit is electrically coupled to said conductive housing. 18. A
|l i ghting nodule of claim15, wherein said thermistor is coupled to an
anplifying circuit, wherein the gain of the anplifying circuit adjusts
according to the tenperature sensed by said thermstor. 19. A lighting
nodul e of claim 18 further including a picrochip configured to regulate
energy flowing to said light emtting di de, wherein output of said
anplifying circuit is input to said nicrochip 20. A lighting nDduIe of
claim 19, wherein said nlcrochl IS cou boosting circuit.

| e
lighting nodul e Wi cAdighting m‘WH & GRIRa| %y Eer"béﬂ‘fjd“? e & ?H“e'a e{eﬁtr§all3‘ouck| ng

circuit. 2gupfed to@Rid ddiBflelRusihgc! ai m 19, wherein said mcrochip is
coupled to an inverting circuit. 23. An LED nodule for a flashli ght

conprising: a conductive housing; an LED di sposed on one end of said

housi ng; and a rgdul g I@hflﬁgiHodG%fadlé]ﬁWB th%?élﬁ sBRUBEAYsBE RCESURTRA toYarfoup! ed
to said LED, said nodule Circuit conf |tgure to regul ate energy that 1s

del i vered tEtSnIQ'ﬁ)énQEDCUE)aWBGre@htﬂﬁhga@e@i’s 8 qr@@ﬂﬁwﬂatqywt@dwm acppydinmto An LED

modul e of %é‘lé??lp%?’atu%n@b&‘b?%éﬁ thERkkg circuit includes a thermstor to
sense the tenperature of the LED. 25. An LED nodule of claim23, wherein

said therm stor has a negative resistance coefficient. 26. An LED nodul e of

claim 23, whereig SaAq?tg[P‘ugurjnﬁdLﬁé 'bFUI'afm "IQ?L'IM%?%C?L@ Wl&i)&lﬁ%oﬁfg&éﬁ 9

wherein the galn of circurt 1s a
t enper at ur eegofate IeeerlgEIIiOV\/_l@ t02§a|d mhtLﬁmttmgcﬂJd)dﬁ ofheceiniantiRe of whidramplifydeg d

nodul e ci r ing circuit that is regulated according to
the gain o wsue’{ 'édlﬂgml{gg?'d%llgi%gﬁlbcU|t 28. An LED nodul e of claim 26, wherein

said nodul e circuit includes a bucking circuit that is regulated according
to the gain of 26" d R%le];d/'mr})%ufé fcéLalm 19, wherein said microchip is coupled to a

boosting circuit.

21 A lighting module of claim 19, wherein said microchip is coupled to a

bucking circuit.

22. A lighting module of claim 19, wherein said microchip is coupled to an

inverting circuit.

23. An LED module for a flashlight comprising:

a conductive housing;

an LED disposed on one end of said housing; and

a module circuit contained in said housing electrically coupled to said LED,
said module circuit configured to regulate energy that is delivered to the LED
based on the sensed temperature of the LED.

24. An LED module of claim 23, wherein said module circuit includes a

thermistor to sense the temperature of the LED.

25.  An LED module of claim 23, wherein said thermistor has a negative

resistance coefficient.

26. An LED module of claim 23, wherein said module circuit includes an
amplifying circuit, wherein the gain of said amplifying circuit is a function of the sensed

temperature of the LED.



|

29. An LED nodul e of claim 26, wherein said nodule circuit includes a
inverting circuit that is regulated according to the gain of said anplifying
circuit. 30. An LED nodul e conprising: a conductive housing;, an LED

di sposed on one end of said housing; and a nodule circuit contained in said
housing el ectrically coupled to said LED and to said conductive housing,
said nodule circuit including an energy regulating circuit and a thernal
sensitive anplifying circuit. 31. An LED nodul e of claim 30, wherein said
thermal sensitive anplifying circuit i%cl udes a tenperature sensi ng devi ce.
32. An LED nodule of claim31, wherein said tenperature sensing device is a
therm stor. 33._An LED npndul e of claim 30, wherein the output of said

thermal sensitidve afpl4ERimRAus szﬁlaﬂml?@ vﬂmmtw%@wu@n@r@w nelydesgi ng
circuit. 3%00&%9%@9@ks@e@ﬁlafécﬁéd&b%@ng&éﬂﬁé 8hiA c3ahd a?ﬁ‘&ff)gﬁs(g ERGK ating

circuit 20 includes a mcrochip and a boosting circuit An LED nodul e
of claim 33, wherein said energy reqgul ati ng circuit includes a mcrochip

and a bucking cig cui hp L@b ristiule=br BR gﬁ'éb élﬁ'é&idg%odﬁﬂée[:ﬁdl r?\@i'u@ese%ergy

regulating circuit includes a mcro an Inverting circu
bucking circuit that is regulated accordlng to the gain of said amplifying cwcuut

29. An LED module of claim 26, wherein said module circuit includes a

inverting circuit that is regulated according to the gain of said amplifying circuit.

30.  An LED module comprising:

a conductive housing;

an LED disposed on one end of said housing; and

‘a module circuit contained in said housing electrically coupled to said LED
and to said conductive housing, said module circuit including an energy
regulating circuit and a thermal sensitive amplifying circuit.

31. An LED module of claim 30, wherein said thermal sensitive amplifying
circuit includes a temperature sensing device.

32. An LED module of claim 31, wherein said temperature sensing device is
a thermistor.

33. An LED module of claim 30, wherein the output of said thermal sensitive

amplifying circuit is input to said energy regulating circuit.

34. An LED module of claim 33, wherein said energy regulating circuit 20 -
includes a microchip and a boosting circuit.

35. An LED module of claim 33, wherein said energy regulating circuit
includes a microchip and a bucking circuit.

36. An LED module of claim 33, wherein said energy regulating circuit
includes a microchip and an inverting circuit.





