DESCRI PTI ON MULTI - MODE PORTABLE LI GHTI NG DEVI CE Techni cal Field The present
I nvention relates to portable |ighting devices, including, for exanple,
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Various hand held or portable |ighting devices, including flashlights, are
known in the art. Such lighting devices typically include one or nore dry
cell batteries having positive and negative el ectrodes. The batteries are
arranged electrically in series or pdrallel in a battery conpartnment or
housi ng. The battery conpartment is also sonetinmes used to hold the

i ghting device, particularly in the case of flashlights. An electrical
circuit is established froma batteré elzcﬁrode t hrough conductive neans
which are electrically coupled trode of a light source, such as

a lanp bulb or a |i gAULEPMODEPORTABLE LIBHTINGDEVIGRSSi ng through the

| i ght source, the electric circuit continues through a second el ectrode of
the light source in electrical contact with conductive neans, which in turn
are i nTechnical Elld contact with the ot her el ectrode of a battery. The
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case of an incandescent |anp bul b-thereby generating light. Fl ashl i ghts and
ot her portable |ighting devices have conventionally enpl oyed a nechani cal
power the main power circuit of the flashlight to turn "on" the
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of the light source in electrical contact with conductive means, which in turn are in
electrical contact with the other electrode of a battery. The circuit includes a
switch to open or close the circuit. Actuation of the switch to close the electrical
circuit enables current to pass through the lamp bulb, LED, or other light source—
20 and through the filament, in the case of an incandescent lamp bulb—thereby
generating light.

Flashlights and other portable lighting devices have conventionally
employed a mechanical power switch in the main power circuit of the flashlight to
turn “on” the flashlight and turn “off” the flashlight. When the user desired to turn

25 ‘“on” the flashlight, the user manipulated the mechanical power switch to
mechanically connect two contacts to close the switch and complete the power
circuit, thereby allowing current to flow from the positive terminal of the batteries,
through the light source, and back to the negative terminal of the batteries. When
the user desired to turn “off’ the flashlight, the user manipulated the mechanical

30 switch to disconnect the two contacts of the switch and thereby open the switch
and break the power circuit. The mechanical switch in such devices, therefore,
acts as a conductor in completing the power circuit and conducting current
throughout the operation of the portable lighting device.




exanpl e, push button switches, sliding swtches, and rotating head
switches. Such switches tend to be fairly intuitive and easy to operate by
t he user .wblaeswssg37portabl e |ighting devi ces havi ng j ustca/uszonploaoss
mechani cal power swi tch do not include autonated operating nodes, such as,
for exanple, a blink node, a power reduction node, or an SOS node. To

I ncl ude such automated functionality in a portable |ighting device, the
portable |ighting device nust have adanced el ectronics. For exanple,
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electrically in series with the light source and controller, is used to simultaneously
20 break the circuit powering the electronics and the light source. As a result, the
electronics do not consume power from the batteries (or battery) when the
portable lighting device is turned off. However, in order for the mechanical power
switch to be used as the user interface to select different modes of operation by,
for example, opening and then closing the mechanical power switch within a
25 defined period of time, the microchip is provided with an alternative source of
temporary power.

The alternative source of temporary power is provided so that when the
mechanical power switch is opened the microchip will remain temporarily
powered, even though the portable lighting device has been shut off, until the

30 mechanical power switch is again closed. In the absence of the alternative source
of temporary power, the microchip would lose power when the mechanical power
switch is opened, causing the controller to reset and return to its default mode of
operation the next time the mechanical power switch is closed instead of toggling
to the next operational mode.

35 One or more capacitors arranged in parallel with the controller have been
used as the alternative source of power. The capacitors are selected to have
sufficient capacitance to power the controller for a suitable period of time, such as




One or nore capacitors arranged in parallel with the controller have been
used as the alternative source of power. The capacitors are selected to
have suf fwoizerwoss@paci t ance to power the controller for paTdiseeiabb@speri od
of time, such asone to two seconds, follow ng the opening of the nmechani cal
power switch before falling below the reset voltage of the controller.
Thus, as long as the nechanical power switch is again closed wthin the
allotted tinme frame, the lighting deMdce will begin to operate in the next
node of operation. A disadvantage of this approach is that significant
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operation. In one embodiment, there are no other switches, inputs, or any other
20 man to machine interface other than the single mechanical power switch. At any
time when the mechanical power switch is in the off (or open) position, all circuitry
is physically disconnected from the battery and no battery current is consumed.
The lighting device may include a number of modes of operation and the modes of
operation may include, for example, a normal mode, one or more power save
25 modes, a flash mode, an SOS mode, etc.

According to one embodiment, the multi-mode portable lighting device
comprises a housing for receiving a portable power source having a positive
electrode and a negative electrode, a light source having a first electrode and a
second electrode, and a main power circuit for connecting the first and second

30 electrodes of the light source to the positive and negative electrodes of the
portable power source, respectively. The main power circuit includes a
mechanical power switch and an electronic power switch disposed electrically in
series with the light source. The portable lighting device further comprises a
controller electrically coupled in series with the mechanical power switch so that

35  when the mechanical power switch is opened, the controller is not powered by the
portable power source. The controller includes an output for providing a control



mechani cal power switch and an el ectronic power sw tch di sposed
electrically in series with the |light source. The portable |ighting device
further cwoppiossso3a controller electrically coupled in ®eriusg0mioddess he
mechani cal power switch so that when the mechanical power switch is opened,
the controller is not powered by the portable power source. The controller
I ncl udes an output for providing a controlsignal for controlling the
openi ng and cl osing of the el ectroni 4 power switch, and the controller is
configured to control the electronic power switch in a manner to provide at
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second mode of operation for a brief period after the mechanical power switch is
opened so that if the mechanical power switch is closed before the brief period
lapses, the controller will operate in the second mode of operation. Preferably the
brief period is long enough for a user to reliably open and close the mechanical

25 power switch without undue difficulty. Typically a period of about 1.5 seconds

should be adequate.

According to another aspect, a method of calibrating one or more memory
capacitors of a driver circuit for a multi-mode portable lighting device is provided,
wherein each memory capacitor is connected to a data port of a controller in

30 parallel with a bleed off resistor. The method according to one embodiment
comprises powering the driver circuit to charge each of the one or more memory
capacitors, removing the power from the driver circuit for a predetermined time
interval, powering the driver circuit as soon as the predetermined time interval has
lapsed, and measuring the voltage value on each of the one or more memory

35 capacitors; and storing the voltage measured for each of the one or more memory
capacitors in a non-volatile memory accessible by the controller.



parallel with a bleed off resistor. The nmethod according to one enbodi nent
conprises powering the driver circuit to charge each of the one or nore
menory capecentonss)37renovi ng the power fromthe driver ciPCEAIS2010000083
predetermned tine interval, powering the driver circuit as soon as the
predetermned tine interval has | apsed, and neasuring the voltage val ue on
each of the one or nore nenory capacitors; and storing the voltage neasured
for each of the one or nore nenory cdpacitors in a non-volatile nenory
accessible by the controller.Further aspects, objects, desirable features,
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15 FIG. 4 is a cross-sectional view of the LED module of the flashlight of FIG.

FIG. 5A is a side view of a retaining collar, and FIG 5B is a longitudinal
cross-sectional view through the retaining collar.
FIG. 6 is an embodiment of a circuit diagram for the flashlight of FIG. 1.
20 FIG. 7 is a circuit diagram according to one embodiment of a state machine
for the flashlight of FIG. 1.
FIG. 8 is another embodiment of a circuit diagram for the flashlight of FIG

FIG. 9 is a circuit diagram of one embodiment of a regulating circuit for use
25 in the circuit of FIG. 8.

Detailed Description
A multi-mode flashlight 10 according to an embodiment is illustrated in
perspective in FIG. 1. The flashlight 10 incorporates a number of distinct aspects.
While these distinct aspects have all been incorporated into the flashlight 10, it is
30 to be expressly understood that the invention is not restricted to flashlight 10
described herein. Rather, the inventive features of the flashlight 10 described
below, both individually as well as in combination, all form a part of the invention.
Further, as will become apparent to those skilled in the art after reviewing the
present disclosure, one or more aspects of the present invention may also be
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In the illustrative embodiment, barrel 12 is sized to accommodate two
20 batteries 16 disposed in a series arrangement. The batteries are preferably
alkaline type dry cell batteries of a AA size in the present embodiment. However,
rechargeable batteries may be used instead of dry cell batteries. In addition,
batteries having sizes other than AA may be used.
The barrel 12 may also be configured to include a single battery, three
25 Dbatteries, or a plurality of more than three batteries arranged in either a series or a
side-by-side arrangement. Other suitable portable power sources, including, for
example, high capacity storage capacitors, may also be used.
In the illustrated embodiment, the barrel 12 includes forward threads 18
formed on the outer diameter of its front end, and aft threads 22 formed on the
30 inside diameter of its aft end. The barrel 12 of the present embodiment also
includes an annular lip 24 of reduced diameter projecting from the inner diameter
of the barrel at a forward end. An aft facing surface of the annular lip 24 forms a
contact 21 for a mechanical power switch described below.
Referring to FIG. 2, the tail cap assembly 30 includes a tail cap 28 and a
35 conductive spring member 32. The tail cap 28 preferably includes a region of
external threads 34 for engaging the matching aft threads 22 formed on the
interior of the barrel 12. Other suitable means may also be employed for
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tail IS 1n turn electricall coupled to the barrel 12
t hrough int énftaeepr:gsentrﬁug)odymgnt tbarrel 12 and tail cap 8 are formed out of

20 metal, preferably aircraft grade aluminum. Further, the barrel 12, tail cap 28, and
conductive spring member 32 form part of the ground return path from a negative
electrode of the light source 14. The conductive spring member 32 is electrically
coupled to the case electrode of the battery 16 and the tail cap 28. Tail cap 28 is
in turn electrically coupled to the barrel 12 through interface 35. Thus, when the

25 tail cap assembly 30 is installed in the barrel 12, the conductive spring member 32
forms an electrical path between the case electrode of the battery 16 and the tail
cap 28, and the tail cap 28 forms an electrical path between the conductive spring
member 32 and the barrel 12 through, for example, interface 35 and/or the mating
threads 22, 34.

30 To facilitate the flow of electricity, any existing surface treatments, such as
by anodizing, disposed at the tail cap/barrel contact and the interface between
conductive spring member 32 and tail cap 28 should be removed.

In addition to acting as a conductor in the main power circuit, the
conductive spring member 32 also urges the batteries 16 toward the front of the

35 flashlight 10. As a result, the center electrode of the rear battery is in electrical
contact with the case electrode of the next forward battery. In this way, the
batteries 16 contained in the barrel 12 are electrically coupled. The center



tail cap assenbly 30 is installed in the barrel 12, the conductive spring
menber 32 forns an el ectrical path between the case el ectrode of the
battery Moant/asbis7tail cap 28, and the tail cap 28 for reTaAs2@b@0G083 cal
pat h between the conductive spring nmenber 32 and the barrel 12 through, for
exanple, interface 35 and/or the mating threads 22, 34. To facilitate the
flow of electricity, any existing surface treatnents such as by anodi zi ng,
di sposed at the tail cap/barrel cont&t and the i nterface between
conductive spring nmenber 32 and tail cap 28 should be renoved. In addition
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power éﬁzg ﬁgeB??r%b%Qeq% ?Hb power switch 4 1 shown in the

ara g 'Eont a

circuit ram o ct's of the
ighting module 40 together with the retaining collar 42, barrel 12, and

20 head assembly 20 form a mechanical power switch corresponding to mechanical
power switch 41 shown in the circuit diagram of FIG. 6. The contacts of the
mechanical power switch 41 comprise the contact 21 of the annular region 24 and
the heat sink housing 44 of the lighting module 40. In FIG. 3, the flashlight 10 is
shown in the OFF condition (i.e., switch 41 is open). To close switch 41 and turn

25 flashlight 10 ON, the head assembly is rotated in the counterclockwise direction
relative to the barrel so that the head assembly 20 is axially translated away from
the barrel and the heat sink housing 44 comes into contact with contact 21,
thereby closing the circuit of the flashlight 10 and turning the flashlight 10 ON. To
turn flashlight 10 OFF, the head assembly is rotated in the opposite, clockwise,

30 direction so that the head assembly is axially translated toward the barrel and
pushes the heat sink housing 44 of lighting module 40 out of contact with contact
21 of the barrel 12.

FIG. 4 is a cross-sectional view of the lighting or LED module 40 in
isolation. The LED module 40 of the present embodiment includes an LED 37 as

35 light source 14, a first circuit board 38, a lower assembly 45 formed by
compressible positive contact 54 and a lower insulator 56, a second circuit board
58, an upper assembly 70 formed by an upper insulator 72 and an upper positive




mechani cal power switch 4 1 conprise the contact 21 of the annul ar region
24 and the heat sink housing 44 of the lighting nodule 40. In FIG 3, the
fl ashl i ghwoX201vs3shown in the OFF condition (i.e., sw t®iTASWI0H0@®PEN). ToO
close switch 41 and turn flashlight 10 ON, the head assenbly is rotated in
t he countercl ockwi se direction relative to the barrel so that the head
assenbly 20 is axially translated away fromthe barrel and the heat sink
housi ng 44 cones into contact with cehtact 21, thereby closing the circuit
of the flashlight 10 and turning the flashlight 10 ON. To turn flashlight
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provi dgdound Eoact is Thelegipeal qunirunicatioonwidbtth@shéat sink dvyiar theafirst
cormunl f’ﬁﬁ'i Bgami g the positive electrode of LED 37 via first circuit board

an r_ground contact is in electrical communication with the
heat s. nk 8 laEgh%] andsthecheat sink fare afixed to the first circuit board 38,

20 preferably via a solder connection. The first circuit board 38, which preferably is a
metal clad circuit board having a plurality of thermally conductive layers connected
by thermal vias, promotes the rapid and efficient transfer of heat from the LED 37
to the heat sink 80.
The LED 37 can be any light emitting diode that can be soldered to a
25 printed circuit board. Preferably the LED 37 can be soldered to the first circuit
board 38 using a screen applied solder paste and a reflow oven. More preferably,
the LED 37 is the LUXEON® Rebel product commercially available from Philips
Lumileds Lighting Company, LLC. l
The second circuit board 58 includes the circuitry for operating flashlight 10
30 and making it function as a multi-mode flashlight.
The lower assembly 45 is preferably formed by co-molding compressible
positive contact 54 and a lower insulator 56 together. Likewise, upper assembly
70 is preferably formed by co-molding upper insulator 72 and an upper positive
contact 74 and an upper negative contact together. Thus, the upper and lower
35 insulator are preferably formed from an injection moldable plastic with suitable
structural and thermal qualities for the application.



The LED 37 and the heat sink 80 are affixed to the first circuit board 38,
preferably via a sol der connection. The first circuit board 38, which

pr ef er ablwoi2e108aval clad circuit board having a pl uralcryusedionb@siral | y
conductive |l ayers connected by thermal vias, pronotes the rapid and
efficient transfer of heat fromthe LED 37 to the heat sink 80. The LED 37
can be any light emtting diode that can be soldered to a printed circuit
board. Preferably the LED 37 can be 46l dered to the first circuit board 38
using a screen applied solder paste and a reflow oven. Mre preferably, the
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hal f wayangi elactrigellycoupleg tlngﬂlght %@urce 14 and the barrel 12. In addltlon the heat
20 sink housing 44 electrically couples the ground path of the second circuit board 58
to the barrel 12. The heat sink housing 44 therefore acts as the negative, or
ground, contact for the lighting module 40. Further, by arranging the heat sink
housing 44 as shown in FIG 2 so that it is in good thermal contact with the barrel
12 when the flashlight 10 is ON, heat that is generated by the light source 14 is
25 efficiently absorbed and/or dissipated by the first circuit board 38 to contact ring
81, the heat sink housing 44 and finally barrel 12. Thus flashlight 10 is able to
effectively protect the light source 14 from being damaged due to heat.
Preferably, the heat sink housing 44 is made from a good electrical and thermal
conductor, such as aluminum.
30 The heat sink housing 44 is formed so that it flares in a region 78 toward
the back or bottom of the LED module 40 from a first region 77 having a first
diameter to a second region 79 having a second, larger diameter. The diameter
of the first region 77 is sized so that it can fit within the annular lip 24 without
coming in contact with the annular lip 24. The outer diameter of the lower
35 insulator 56 is sized so that there is little or no play in the radial direction between
the inner wall of the barrel and the lower insulator §6. In this way, the heat sink
housing 44 can be kept from contacting the barrel 12 except when LED module 40



but ot her volunes of potting material nmay be used. Wen flashlight 10 is in
the ON state, the heat sink housing 44 thermally and electrically couples

t he |i ghtweaoroos3®B4 and the barrel 12. In addition, thePheats2aivobooBdUSi Ng
44 el ectrically couples the ground path of the second circuit board 58 to
the barrel 12. The heat sink housing 44 therefore acts as the negative, or
ground, contact for the lighting nodule 40. Further, by arranging the heat
sink housing 44 as shown in FIG 2 solthat it is in good thermal contact
with the barrel 12 when the flashlight 10 is ON, heat that is generated by
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20 16 is urged forward against the back face 88 of the lower insulator §6, the center
electrode of battery 16 engages with the compressible positive contact 54. In this
way, the LED module 40 provides a simple configuration that enhances the
electrical coupling between components even when the flashlight is jarred or
dropped, which may cause the battery or batteries 16 to suddenly displace axially
25  within the barrel 12. Further, because the compressible positive contact 54 may
absorb impact stresses due to, for example, mishandling and recess 89 is deeper
than the center electrode of the forward most battery 16, the battery's center
electrode and the electronics of the flashlight provided on second circuit board 58
are well protected from physical damage during use of the flashlight 10.
30 Also, because the compressible positive contact 54 is disposed forward of
the shoulder 90 of back face 88, if a battery or batteries 16 are inserted
backwards into the barrel 12 so that their case electrodes are directed forward, no
electrical coupling with compressible positive contact 54 is formed. Accordingly,
the configuration of the LED module 40 and its arrangement within barrel 12 will
35 help to protect the flashlight's electronics from being affected or damaged by
reverse current flow. In another embodiment, the electronics of flashlight 10 are



the LED nodule 40, in the forward direction will be limted by the annul ar
lip 24 of the barrel 12. The lower insulator 56 includes at its back face
88 a recew®280/08%37ch i s surrounded by an annul ar shoul #er/t3201900d08Rt t he
recess is centrally located. The recess 89 is dinensioned to be deeper than
the height of the center electrode of battery 16. However, as shown in
FIGS. 2 and 3, when the forward nost battery 16 is urged formard agai nst
the back face 88 of the lower insulafldr 56, the center electrode of battery
16 engages with the conpressible positive contact 54. In this way, the LED
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di st anc ere
annul adirestion of §ze cﬂtatrmg pekar 42.nThediks $@ pﬁerably extend from the front of

20 the retaining collar to slightly over half the axial length of retaining collar 42. The
ribs 86 are dimensioned so as to limit the amount of radial play between the
forward end of the lighting module 40 and the inner diameter of the barrel 12 to a
desirable amount. The ribs 86 are also preferably dimensioned to project
outwardly from retaining collar 42 by the same or a greater distance than the

25 locking tabs 85 project inwardly. By only having the ribs extend to about the
middle of the of the retaining collar 42, the aft end 87 of the retaining collar 42 can
expand sufficiently over the outer surface of the heat sink housing 44 within the
barrel 12 until circumferential locking tabs 85 snap into annular recess 82 (see
FIG. 3). Once the circumferential locking tabs 85 are snapped into annular recess

30 82, the rearward movement of the lighting module 40 is confined by the annular lip
24. Thus, by securing the retaining collar 42 to the lighting module 40, which is
disposed in the barrel 12, the retaining collar 42 keeps the lighting module 40 from
falling to the rear of barrel 12, and potentially out the back end of the flashlight 10,
in the absence of batteries 16 being installed in the flashlight 10. In a preferred

35 embodiment, the retaining collar 42 is made from an insulator such as, for
example, plastic.



Referring to FIGS. 3 , 5A and 5B, the retaining collar 42 includes
circunferential |ocking tabs 85, which project inwardly fromthe inner
surface oWothm/asaisai ni ng col lar 42, and ribs 86, which pcojusetionniosar dl y
fromthe outer surface of the retaining collar 42. Referring to FIG 3 ,
each of the locking tabs 85 is sized to fit into the annular recess 82 on
the exterior of the heat sink housin? 44, A plurality of ribs 86 are
preferabl e spaced equal |y around thel@xterior circunference of the
retaining collar 42 so as to generally extend in the axial direction of the
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the talFurt%aelcr), t%\8e’ distance between the vertex of the parabola defining the profile 118
and the aft opening of the reflector 118 is preferably 0.080 — 0.130 inches, more
preferably 0.105 — 0.115 inches. The opening of the forward end of the reflector
106 preferably has a diameter of 0.7 — 0.8 inches, more preferably 0.741 — 0.743
25 inches, and the opening of the aft end of the reflector 106 preferably has a
diameter of 0.2 — 0.3 inches, more preferably 0.240 to 0.250 inches. Further, the
ratio between the distance from the vertex to the opening of the aft end of the
reflector 106 and the focal length is preferably in the range of 1.5:1 and 6.5:1,
more preferably 3.0:1 to 3.4:1. Moreover, the ratio between the distance from the
30 vertex to the opening of the forward end of the reflector 106 and the focal length is
preferably in the range of 20:1 and 40:1, more preferably 26:1 to 31:1.
In the illustrated flashlight 10, the reflector 106 may be selectively moved in
the axial direction relative to the light source 14. By rotating the head assembly
20 relative to the barrel 12 the head assembly 20 travels along the forward
35 threads 18 of the barrel 12 and causes the reflector 106 to axially displace relative
to the light source 14. By varying the axial position of the reflector 106 relative to
the light source 14, the flashlight 10 varies the dispersion of light produced by the



the barrel 12, the face cap 102 and the head 108, generally formng the
external surfaces of the flashlight 10, are manufactured fromaircraft

qual ity, Wweaniwesawsred al um num which nmay be sel ecti vel yCansdéiaaoosIhe
non- conducti ve conponents are preferably made from pol yester plastic or
other suitable material for insulation and heat resistance. Referring back
to FIG 3, the reflective profile 118 of the reflector 106 is preferably a
segnent of a conputer-generated opti Mtzed parabola that is netallized to
ensure high precision optics. Optionally, the reflective profile 118 may
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20 FIGS. 2-4, the electrical circuit of flashlight 10 is shown in the open or OFF
position. The electrical circuit is closed, or is in the ON position, when the head
assembly 20 is rotated to sufficiently translate the lighting module 40 in the
forward direction so that the flared region 78 of the heat sink housing 44
electrically couples with the contact 21 of the barrel 12. Once the circuit is closed,

25 electrical energy is conducted from the rear battery 16 through its center contact
which is in connection with the case electrode of the battery 16 disposed forward
thereof. Electrical energy is then conducted from the forward-most battery 16 to
the compressible positive contact 54 of the lighting module 40. The electrical
energy is then selectively conducted through the electronics on the second circuit

30 board 58 through the upper positive contact 74 and to the positive electrode of the
light source 14 via the first circuit board 38. After passing through the light source
14, the electrical energy emerges through the negative electrode of the light
source 14 which is electrically coupled to heat sink 80 via the first circuit board 38.
The heat sink housing 44 of heat sink 80 is electrically coupled to the contact 21

35 of barrel 12. The barrel 12 is coupled to the tail cap 28, which is in electrical
contact with the conductive spring member 32. Finally, the conductive spring
member 32 of the tail cap assembly 30 completes the circuit by electrically



Further, because the head assenbly 20 of the illustrated enbodi nent does
not formpart of the electrical circuit, it may be conpletely renoved from
t he barr ewoXBioafs3dasne flashlight 10 so that the tail capPre8/usnaoobooshe
flashlight 10 nmay be inserted into the head assenbly 20 and the flashlight
used in a "candle node." Referring back to FIG 3, although the enbodi nent
di scl osed herein illustrates a substantially planar |ens 104, the
flashlight 10 may instead include a Néns that has curved surfaces to
further inprove the optical performance of the flashlight 10. For exanpl e,
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barrel 12 would cause the flashlight to turn OFF and axial movement of the head

assembly 20 toward the barrel 12 would cause it to turn ON.

Further, although a rotating type mechanical power switch that opens and
closes the electrical circuit at the barrel/heat sink housing has been described, the

25 electrical circuit may be closed or opened at other locations. Moreover, although
a rotating type mechanical power switch has been described, the various aspects
of the invention as described herein are not limited by the type of mechanical
power switch employed. Other suitable mechanical power switches, including, for
example, push-button and sliding type mechanical power switches may also be

30 employed.

The multi-mode operation of flashlight 10 will now be described. The
flashlight 10 is preferably provided with a plurality of modes of operation. In the
embodiment described below, the flashlight 10 is provided with four modes of
operation. Each mode of operation allows the flashlight 10 to perform one of four

35 specific features of the flashlight 10, such as, for example, normal operation,
power save, blink, or SOS. When the flashlight 10 is initially turned ON, or if
flashlight 10 has been turned OFF for more than a predetermined period of time,



In the present enbodi ment, a parallel ground path is also forned fromthe
second circuit board 58 to the heat sink housing 44 through upper ground
cont act s wotaohmsssro t he upper end of the second circui tChaseaoshBoand t he
first printed circuit board 38, which is in turn in electrical contact with
t he heat sink 80. Thus, the controller provided on the second circuit board
58 may remain powered at all tines when the nechanical power switch 4 1 is
closed, even if the electronics on th second circuit board 58 nodul ate the
| ight source 14 on and off. Referring to FIG 3, to open the electrical

fi)r ;:;J;thelnﬁ?émﬁﬁ 100 ill la@torhaﬁcal@%%@i% t.mér][sir dfﬁtﬁ ﬁmddéeoh@Pétrﬁ@?ﬁnbl yd20
ot on Wi sherishiiaB 16 fie TR dust operatios Biadk 46t IS Eibed ORI PE3ad of ¢ he
ga\llr [) el oﬁﬂmeNWIﬁoImg@h Iéstoslaethdnl osegaaketd armedemnwnneaf petied hifltghe, élﬁd itheh ur ned
orr by Tt Bk Gy RREAASGER B8 BRIP4 $Eend fBb i BRUB, Ele nar rel
12,5 t htheufashlight 1l is incthenseapndaopenatiog mode if igisnagaindunigd OFF fentai ni ng
CO' | ar gégod %'?‘i‘in’ié‘%ﬁ\ﬁﬂ‘i’é f’écfsl thPZJr' ecﬁ}mﬂﬂ th '@EMde@é’ﬁmﬁQd (b%‘t'io‘a &&iBASng ©

per at the idvers axl al nmovehent of the

head athambir QGQ@a&WQ f ﬁféﬁrﬂ@ﬁ@"%‘ér%W"thMﬁ tp adhird epgrating daedeyhdnt o turn
gﬁsgnﬁ@;sgﬁiteumnmﬂé théeﬂéreﬁh?ighaaﬁeueb.hytth%?trﬁ@/\@pdratthg meehf it3swoul d

a rotatin nechani ¢ ower
swi t ch PRk ‘BB%& CS)glﬁol °5|§5‘§’i'§é’t RErigd et imeq WHiSh ds) '?glgfh‘?’hé"b%cw |tPE%at si nk
h?u@It R prétetemieeddpeiad hﬁdmehendlhtheh[] turaéd chackuiON,nthe ﬂaskrtlligiﬁe't!) avillopened
at o r t hou t at t I
owi ¢ cnhahSE R A i SRERAING mBl; D000 2 Locre O theci nventon as o
described hén éhe presentembodiment, the predetgimeined periathaf tme jsoset tashet ch
enpl oy eduadd' esﬂ‘Hot ét?'la?f ('195 §€é s, FWMEH i§'\Y Félé‘t‘?felwsﬁﬁhl&éﬁ& of @meexanpl e,

push-but'ton an

anl ca
enpl oy &Yt Mofe than $Ufﬁ6'§@t e?ﬁtQRﬁ{a'EW Qfl'g%srﬁ Bh\%l@ W"’\'\'p‘ﬁﬁtﬁ ﬁl? B@§9r| bed.
Thes f agéémalv 2000 t@rrpmfrerf&lshu It 90 i erthert tura fldshiight 19 bdckr@des Inf

o th 1 oarer BeedGSHReR e rde?@hgﬁﬁﬁsﬁﬁé Wu ik perirale o aowR et 108 it
10 to pesdetermimed péndd)us psefecatily dess dhan Sssedondse dtheswise dlashlight 4Qch as,
for ex?ﬂ?bﬁm% réﬁaﬂdl{’ Pc?cf F&qufbr tﬂ%"%&rﬁ@g ?Js Plefdre Pcan®e rdlifhed 6 its

fl ashl s 1ni
default mode of operation W|thout indexing through all of the modes of operation.
20 In the embodiment described above, while the flashlight 10 is in the fourth

operating mode, if it is turned OFF for a short period of time and then turned back

ON, the flashlight 10 will change back to the first operating mode. Yet in an

embodiment with more than four modes of operation, if the flashlight 10 is turned

OFF for a period of time that is less than or equal to the predetermined period of

25 time and then turned back ON, the flashlight 10 will change to a fifth operating

mode, and so on. Regardless of the number of included modes of operation, e.g.,

-2 to N, the flashlight 10 preferably cycles back to the first mode of operation after
reaching the last mode programmed into the electronics of the flashlight.

Preferably, the first operating mode is a normal mode in which the light

30 source 14 of flashlight 10 is provided with maximum power as long as the

mechanical power switch 41 remains closed. The second operating mode in the

present embodiment is a power saving mode in which the light source 14 of

flashlight 10 is operated at reduced power (e.g., 50% power) in order to extend

the life of the batteries. The third operating mode of the present embodiment is a

35 blink mode in which the light source 14 is flashed on and off at a predefined

frequency or preprogrammed frequency pattern that is perceptible to the human



flashlight 10 has been turned OFF for nore than a predeterm ned period of
time,the flashlight 10 will autonmatically operate in a first, default node
of operatworoimisaize the flashlight 10 is in the first operaiscogoomde, if it
is turned OFF for a period of tinme, which is less than or equal to a
predeterm ned period of time, and then turned back ON, the flashlight 10

w Il change to a second operating node. Wiile the flashlight 10 is in the
second operating node, if it is agai W/turned OFF for a period of tine,
which is less than or equal to a predeterm ned period of tine, and then
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attery and the negative electrode 124 corresponding to the negative electrode of

the rear-most battery. In other embodiments, the batteries may be arranged

electrically in parallel.

The electronic switch 117 has a voltage input 126, a voltage output 128

25 and a duty cycle input 131. The light source 14 has a first, positive electrode 58
and a second, negative electrode §9. The mechanical power switch 41 includes
heat sink housing 44 as a first, contact and contact 21 of barrel 12 as a second
contact. The controller 140 has a power input 146, a ground 148, a plurality of
data ports 142, 144 and a duty cycle output 130. The state machine 150 has a

30 plurality of state ports 182, 184 and a ground connection 156.

In the present embodiment, the positive electrode 122 of the batteries 16 is
electrically coupled to the voltage input 126 of the electronic switch 117 and the
power supply input 146 of the controller 140. The voltage output 128 of the
electronic switch 117 is electrically coupled to the first, positive electrode 58 of the

35 light source 14. The second, negative electrode 59 of the light source 14 is
electrically coupled to the first contact (heat sink housing 44 in the present
embodiment) of the mechanical power switch 41. Therefore, when the second



the life of the batteries. The third operating node of the present

enbodi nent is a blink node in which the Iight source 14 is flashed on and
of f at a woedsfisasd frequency or preprogramed frequencyCpaiSt@onodoRat i s
perceptible to the humaneye. The fourth operating node is an SOS node in
which the |ight source 14 is automatically flashed to signal SOS in Mrse
code. FIG 6 is one enbodinent of a circuit diagramfor the flashlight 10
of FIG 1. In the enbodinent of FIG 18, the circuit for the flashlight 10
of FIG 1 includes batteries 16, electronic switch 117, |ight source 14,
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In the present embodlment the positive electrode 122 of the batteries 16 is

20 also connected to the power input 146 of the controller 140. The ground 148 of

the controller 140 connects to the first contact of the mechanical power switch 41.

Therefore, when mechanical power switch 41 is closed, a second closed circuit

loop is also formed in which an electric current flows from the batteries 16,

through the controller 140, and the mechanical power switch 41. The controller

25 140 is considered the load of the second closed circuit loop. When the

mechanical power switch 41 is open, the load of the second loop, namely the
controller, is electrically disconnected from the batteries 16.

Accordingly, as shown in FIG. 6, the main power circuit includes a

mechanical power switch 41 and an electronic switch 117 disposed electrically in

30 series with the light source 14. Further, controller 140 is electrically coupled in

series with the mechanical power switch 41 so that when the mechanical power

switch 41 is opened, the controller 140 is not powered by the batteries 16. The

controller 140 includes an output 130 for providing a control signal for controlling

the opening and closing of the electronic switch 117. The controller is also

35 configured to control the electronic switch 117 in a manner to provide at least two

modes of operation as discussed below.



electrically coupled to the voltage input 126 of the electronic switch 117
and the power supply input 146 of the controller 140. The vol tage out put
128 of thwoebmussmni ¢ switch 117 is electrically coupl eg#Craskde/obiosst
positive electrode 58 of the |ight source 14. The second, negative

el ectrode 59 of the light source 14 is electrically coupled to the first
contact (heat sink housing 44 in the present enbodi nent) of the nechani cal
power switch 41. Therefore, when the18econdcontact (contact 21 of barrel
12) of nechanical power switch 41 is brought into contact with the first
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Mah PRABWiNY Whalt StadtBGritfl8de dhe flashlight 10 was in the last time the mechanical
power switch 41 was closed. Accordingly, the state machine 150 is used to
provide state information of the flashlight 10 to the controller 140 every time
flashlight 10 is turned ON by mechanical power switch 41.
FIG. 7 is a circuit diagram showing one embodiment of a state machine
25 150 for the flashlight 10 of FIG. 1. In the embodiment of FIG. 7, two RC timing
circuits are used. One is shown on the left of state machine 150 and the other is
shown on the right of state machine 150. The left RC circuit includes a capacitor
152 electrically coupled in parallel to a bleed off resistor 162. A charging resistor
172 is interposed between the parallel RC circuit 152, 162 and the state port 182
30 of the state machine 150. The resistor 172 is also connected in series with the
RC circuit 152, 162. The state port 182 is electrically coupled to the data port 142
of the controller 140.
The configuration of the right RC circuit is similar to the left RC circuit. A
capacitor 154 is electrically coupled in parallel to a bleed off resistor 164. A
35 charging resistor 174 is electrically interposed between the parallel RC circuit 154,
164 and the state port 184 and is in series with the RC circuit 154, 164. The state
port 184 is further coupled to the data port 144 of the controller 140. Both RC




mechani cal power switch 41 and an electronic switch 117 di sposed
electrically in series with the |light source 14. Further, controller 140 is
el ectri cawbyooospided in series with the mechani cal powePCIRiseel/0ddsso t hat
when the nmechani cal power switch 41 is opened, the controller 140 is not
powered by the batteries 16. The controller 140 includes an output 130 for
providing a control signal for controlling the opening and cl osing of the
el ectronic switch 117. The controll eROis al so configured to control the
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Ot BB ifiring normal operation. In general, the bleed off resistor preferably has a
resistance of at least two orders of magnitude greater than the charge resistor.
When the mechanical power switch 41 is opened or in the OFF position,
the voltage stored on capacitors 152, 154 will decay at a given rate that is
dependent on the value of the capacitor 152, 154 and bleed off resistors 162, 164,

25 respectively. When the mechanical power switch 41 is closed so that the
flashlight 10 is turned back ON, there will be a residual voltage remaining across
each of capacitors 152, 154. The residual voltage on each capacitor 152, 154 is
measured by the controller 140 upon power up when the mechanical power switch
41 is closed. The controller 140 interprets the residual voltage remaining on each

30 capacitor 152, 154 as an ON or an OFF (i.e., as a 1 or a 0), depending on the
voltage it measures for each capacitor. Based on the interpreted state of each
capacitor, the controller 140 determines and implements the appropriate mode of
operation for flashlight 10. Table 1 below, summarizes each operational mode the
controller 140 of the present embodiment is configured to implement based on the

35 state of each capacitor 152, 154 at the time the controller 140 is powered up. In
other embodiments, other modes may be included or the modes may be
associated with different states of capacitors 152, 154.
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parallel RC circuits.

For example, one RC circuit yields a maximum of
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two

operating modes, two RC circuits yields a maximum of four operating modes, and
three RC circuits yields a maximum of eight operating modes, etc.
Beneficially, if the mechanical power switch 41 is left open or in the OFF

15

position for a sufficient period of time, the residual voltage across capacitors 152,

154 will decay to zero (0) volts, regardless of their original state. As a result,
when the controller 140 is turned on again, the controller 140 will measure no
voltage on either capacitor 152 or 154 and, as shown in Table 1, put the flashlight
10 into the first or “Normal” mode of operation.
How controller 140 interprets the residual voltage remaining on each
capacitor 152, 154 as being in the ON or OFF state (i.e., as a 1 or a 0) is now
explained. In one embodiment, the residual voltage remaining on each capacitors
152 and 154 at power up is measured by an analog-to-digital converter (ADC)
which is embedded in the controller 140. The measured voltages are then

20

25

compared against a voltage stored in non-volatile memory.

If the measured

voltage is equal to or greater than the voltage stored in memory for the capacitor,



dependent on the value of the capacitor 152, 154 and bl eed off resistors
162, 164, respectively. Wien the nechani cal power switch 41 is closed so

t hat the wbhastidsgisy 10 is turned back ON, there will bepraTnsgddoedosyol t age
remai ni ng across each of capacitors 152, 154. The residual voltage on each
capacitor 152, 154 is measured by the controller 140 upon power up when the
mechani cal power switch 4 1 is closed. The controller 140 interprets the
resi dual voltage renmai ning on each cdBacitor 152, 154 as an ON or an OFF
(i.e., as al or a 0), depending on the voltage it neasures for each
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state @wellas fram thejagipabcapaditangewf another capacitor having the same nominal
20 capacitance. As a result, capacitors with the same nominal capacitance can
discharge at substantially different rates during bleed off, with higher capacitance
capacitors taking longer to drain than lower capacitance capacitors. In order to
remove such variability from the system, in a preferred embodiment, a calibration
procedure is performed during manufacturing to normalize or calibrate the
25 discharge rate of each capacitor 152, 154. A detailed description of an
embodiment of the calibration procedure is described below.

Once second circuit board 58 is manufactured, the board is connected to
an LED to simulate the load of the flashlight 10 while the relevant pin of the
controller is driven low to provide a calibration signal to the controller. The

30 controller and load are then powered and both capacitors 152, 154 fully charged.
Power to the controller 140 and LED is then cut off for an exact interval, for
example, 1.5 seconds. After the set time interval has passed, the circuit is
powered up and the voltage value on each capacitors 152, 154 is precisely
measured by the controller 140, which then stores the measured voltage values

35 for each capacitor in non-volatile memory, such as an EEPROM embedded in the
controller 140. The voltage value stored in non-volatie memory for each
capacitors 152, 154 now precisely reflects the decay voltage threshold for each



expl ai ned. I n one enbodi nent, the residual voltage remai ning on each
capacitors 152 and 154 at power up is neasured by an anal og-to-digital
convert erwQADO)ossds7ch i s enbedded in the controller 140PCThis20ma8008%d

vol tages are then conpared agai nst a voltage stored in non-vol atile nenory.
If the measured voltage is equal to or greater than the voltage stored in
menory for the capacitor,then the capacitor is treated as being in the ON
state, whereas if the measured voItaS@ for a capacitor is less than the
stored voltage for the capacitor, it is treated as being in the OFF state.
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embodiment, the value of charging resistors 172, 174 are preferably set at 10 KQ
or less so that capacitors 152, 154 can be fully charged in about 50 ms or less.
While the flashlight 10 is in the Normal mode, if it is turned OFF for less
than, for example, 1.5 seconds and then turned back ON, the voltage value
25 measured at data port 142 will be approaching 0 volts and the voltage value
measured at data port 144 will be higher than the 1.5 second voltage threshold
value stored in the non-volatile memory. The controller 140 compares the voltage
values presented at data ports 142, 144 to the corresponding values in memory
and determines that the correct mode of operation is now the second mode, which
30 is a power save mode. The controller 140 then charges capacitor C1 152 and
discharges capacitor C2 154 using the method described in the normal mode. As
shown in Table 1, the logic value of capacitor C1 152 is set to 1 and the logic
value of capacitor C2 154 is set to 0.
While the flashlight 10 is in the power save mode, if it is turned OFF for less
35 than, for example, 1.5 seconds and then turned back ON, the voltage value
measured at data port 144 will be approaching 0 volts and the voltage value
measured at data port 142 will be higher than the 1.5 seconds voltage threshold



controller and | oad are then powered and both capacitors 152, 154 fully
charged. Power to the controller 140 and LED is then cut off for an exact
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appr oacantiglley 149.ts and the vol t age val ue neasured at data port 144 will be
hi gher than|f g dniboaenilvetra®@rint ISR circuits 152, 162 and 154, 164
are used as the temporary memory means or devices state machine 150 for.
memorizing the next mode of operation that controller 140 is to implement at
power up. In other embodiments, energy storage devices other than capacitors
152 and 154 may be used. For example, inductors may be used in parallel with
25 the bleed off resistors 162, 164 instead of capacitors 152, 154 to form RL circuits
as the temporary energy storage means or devices. In this manner an LC timing
circuit would be connected to data ports 142, 144.
If flashlight 10 is configured to hold 3 batteries 16 in series, the electronic
switch 117 preferably comprises a current-limited load switch to regulate the current
30 provided to light source 14 to a desired level, particularly if light source 14 comprises an
LED. Preferably, the electronic switch 117 modulates the DC current from the
batteries 16 to a pulsed current. The current limited switch can be a commercial
device such as FPF2165 manufactured by Fairchild Semiconductor. The output current
delivered to the light source 14 can be set by a resistor connected to the ISET pin of the
35  current-limited switch. However, because current-limited load switches of this type have
a higher than desired tolerance (e.g., £ 25%), if the output current for the switch is set per
design requirements to 500 mA, for example, and the switch has a tolerance of + 25%, the



val ue stored in the non-volatile nmenory. The controller 140 conpares the
vol tage val ues presented at data ports 142, 144 to the correspondi ng val ues
i n menor ywendiodss@rm nes that the correct node of oper aPCOUS2E000483 he
second node, which is a power save node. The controller 140 then charges
capacitor C 1 152 and di scharges capacitor C2 154 using the method
described in the normal node. As shown in Table 1, the | ogic val ue of
capacitor C1 152 is set to 1 and th@bl ogic value of capacitor C2 154 is
set to 0. Wiile the flashlight 10 is in the power save node, if it is
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capaci tamdsis then decremented during a functional test until the appropriate duty cyc|e is

20 reached to produce the desired average output current from the electronic switch
117. In one embodiment, the duty cycle of the current-limited electronic switch
117 is decremented until the electronic switch delivers an output current of 525
mA to the light source 14. Once the desired average current is achieved, the duty
cycle resulting in the desired average current is stored back in the non-volatile

25 memory of the controller 114 so that the light source 14 will always operate at that
maximum duty cycle during the different modes of operation, with the exception of
the power save mode. In the power save mode, the duty cycle is further
decremented to result in the desired power savings from the “Normal” mode (e.g.,
25% or 50%).

30 In the foregoing discussion, a current-limited load switch was employed as
electronic switch 117 to limit the current delivered to light source 14. In other
embodiments, in which it is desired to increase or decrease the current provided
by the batteries 16 or other portable source of power to the light source 14, as
shown in FIG. 8, a current regulating circuit 160 may be electrically interposed

35 between the output from electronic switch 117 and the light source 114.
Depending on the design requirements, current regulating circuit 160 may be a
conventional boost converter, buck converter, or boost/buck converter.



152 and 154 may be used. For exanple, inductors may be used in parall el
with the bleed off resistors 162, 164 instead of capacitors 152, 154 to
form RL cwocuios3®3 t he tenporary energy storage nmeans @CTad®s2010080083 n this
manner an LC timng circuit would be connected to data ports 142, 144. |If
flashlight 10 is configured to hold 3 batteries 16 in series, the

el ectronic switch 117 preferably conBrises a current-limted load swtch to
regul ate the current provided to |igB® source 14 to a desired |evel,
particularly if light source 14 conprises an LED. Preferably, the
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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
25  scope of the invention as claimed below.



117. In one enbodi nent, the duty cycle of the current-limted electronic
swtch 117 is decrenented until the electronic swtch delivers an output
current olo2BB/asBo3ro the |ight source 14. Once the desi Pel/isr@oag®sEur r ent
is achieved, the duty cycle resulting in the desired average current is
stored back in the non-volatile nenory of the controller 114 so that the

| ight source 14 will always operate at that maxi numduty cycle during the
di fferent nodes of operation, with tBé exception of the power save node. In
t he power save node, the duty cycle is further decrenented to result in the
desired power savings fromthe "Normal" node (e.g., 25%or 50%. In the

f or egoi dlscu55|on a current-limted | oad swtch was enpl oyed as

el ectr witch 117 to limt the current delivered to |ight source 14. In
ot her enbodlnents, in which it is desired to increase or decrease the

current proyided .fhe .batteries 16 or other portable source of power to
the Iight swgﬁés%'ﬁ‘gg ghown in FIG 8, a current regulating circuit 160

may be electrically interposed between the output fromelectronic switch

regutati ng. af r curt THLb e or A RRNAR BRI L S e Tk

converter, or boost/buck converter. FI G 9 illustrates a circuit diagramfor

a regul ating ci r%\Uhéuéaﬁg f@prireééuw gaapd}tmé W%é&be%uﬁg)% Begiﬁweng the
ave age, c rregqmﬂellve{ LGé?,t g source 14 from for exanple,

bat er &S B egative electiod®; The boost converter circuit |ncI udes a
m crochip 163, a switching transistor 164, an inductor 165 disposed in
series with the a current
sense resistor 1%6'%3&%@% @g\ﬂ(ﬁgg firéggf’é&ﬂ{)hét%ﬁ@ %%éé@q%@t'ﬁﬁg swi t chi ng

transi stor 164. Capacitors 167, 168 are al so prow ded in the present
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provid providing a control signal for controlling the opening and closing of the electronic:

15 power switch, the controller being configured to control the electronic power

switch in a manner to provide at least two modes of operation;

a state machine having a memory mechanism for temporarily storing
a mode of operation and at least one output coupled to the controller for
communicating at least one output signal to the controller, wherein said controller
20 is configured to determine the mode of operation based on the at least one output
signal from the state machine, and wherein the controller is configured to write a

new mode of operation to the state machine following power up.

2. A multi-mode portable lighting device according to claim 1, wherein
said controller is a microcontroller.

25 3. A multi-mode portable lighting device according to claim 1, wherein
said controller is configured to determine the mode of operation based on the at
least one output signal from the state machine by reading a voltage on each



continuous DC current output to the light source 14. Wil e various

enbodi nents of an inproved flashlight and its respective conponents have
been pr eswotetn/isso3rhe f oregoi ng di scl osure, numerous nDECTIUS201000®83
alterations, alternate enbodi nents, and alternate materials nay be
contenpl ated by those skilled in the art and nmay be utilized in
acconplishing the various aspects of the present invention. Thus, it is to
be clearly understood that this descEBption is made only by way of exanple
and not as a limtation on the scope of the invention as clained

bel ow. Quiputtsigi¥¥iafromsthel Statefnachind -arfl BbinpblariA§dfaPbkage o liinatiendevi ce
conprléhy ousuaﬂafor recei ving a portabl e power source having a

L .ah
posi ti 'gﬁé%ﬂpaa'é’ MEAEBat i ve el ectrode; a |ight source having a first
el ectrode and a second el ectrode; a main power circuit for connecting the

hegat i ve el Sct r odo gl Gt pBhabBionsBid080ke ABcbRyAd So BTl By SirBREin 1 ,
power d¢he state machingicomprisesdtdeastadneg energysstorage devicerin glagaliel avittcapower

sw §ch bq’é.ﬁoé‘ﬁ?gsi?l{o?.c”i cally in series with the |ight source; a controller
electrically coupled in series wwth the nmechanical power switch so that

when t he nechani cal power switch is opened, the controller is not powered

by the porta&le WWt!iW@PoﬂbB% RghtingOdéate iakebtding 9o il PWhetdlh
provid a_control s‘lé%nal. or_controll'ing the opening and closing of the

el ectrkﬁggnﬁ%togﬂﬂe[ C€ @ CRAPYt er being configured to control the

el ectronic power switch in a manner to provide at |east two nodes of

operati on; st at ofal! ' . ' for t.enporaril.
stor g a e of BRLF Lt BRKaBE, riEPacyEE SRROIARY 18 Cf Ry bileit
cont r olthe enewgy soragendevice ijaatindugier. one out put signal to the controller,

wherein said controller is configured to determ ne the node of operation
based on the at | east one, output. sjignal fromthe state machi ne, and wherein

thd0control Ifer i A A¥HtNRAR ROftablR lighting devicesgsording te ainbA. WHEr®IB st at e

machi ngaidohdmwblgilpmenonylls ad. EBPRON - node portable |ighting device
according to claiml1l, wherein said controller is a mcrocontroller. 3. A

mul ti-node portable |ighting device according to claim1, wherein said
control l er i8 cof multi-edode podableriightinghdevioe eccbradipg tatdlaim BGawdheérgin t he at

said controller is a microcontroller and said EEPROM is embedded in said
microcontroller.

15 9. A multi-mode portable lighting device according to claim 1, further
comprising an analog-to-digital converter.

10. A multi-mode portable lighting device according to claim 9, wherein
said analog-to-digital converter is embedded in said controller.

11. A multi-mode portable lighting device according to claim 1, wherein
20 the light source is an LED.

12. A multi-mode portable lighting device according to claim 1, wherein
the light source includes a filament.

13. A multi-mode portable lighting device according to claim 1 wherein
the state machine includes a first RC circuit having a capacitor and a bleed off
25 resistor electrically connected to the capacitor in parallel.



| east one output signal fromthe state nmachine by reading a voltage on
eachout put signal fromthe state nmachi ne and conparing that voltage to

i nf or mat iwo 28tomsgas7i N non-vol atile nenory. 4. A nutli- mpde/ysesinabioss

i ghting device according to claim3, wherein the state nmachi ne conpri ses
at | east one energy storage device in parallel with a bleed off resistor.
5. Anutli-node portable |ighting device according to claim4, wherein the
energy storage device is a capacitor296. A nutli-node portable |ighting
devi ce according to claim4, wherein the energy storage device is an

I nductor. 7.44A ' Fﬁﬁﬂeﬁ@é b | ' | t hm 3,
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M cr oc petwédn ardatd Borafdh&EEBRMIesadRAMGEROcifdlid m crocontroller. 9. A
mul ti-nmode portable |ighting device according to claim11, further

conprising an analog-to-digital converter. 10. A nulti-nbde portable
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12. A biged offrperistoor t abl e i ghting device according to claimi1, wherein the

|l ight source includes a filament. 13. A nulti-node portable |ighting device
according tg claim1 wherein the state nachine in&il udes a first RCcircuit

havi ng a capfei t 4y Maitrmpde pegakierlighting deyiceaceardingdP §RIEb AReWHEERIo t he

capaci tigé bigedoaff aédistor Has a\réistahcawsiat edstawocordeghbf ntaghitudesgreaterr di ng
to cl aijm 1%%133}& n the state machine further includes a charge resistor
|

el ect r it} BEJEHSIN: series between a data port of the controller and
the first RCcircuit. 15. A nmulti-node portable |ighting device according

to,gl ai m 14 ,-wherein 4 ' the . 0S| - antial |
08 Fhan 1" o Ll Bods BoRABR fotfing, JEviEC AcBBrdifg xS oiim 1, WHBRAN! 21 1Y
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provide four modes of operation.

18. A multi-mode portable lighting device according to claim 1, wherein
15 said operating modes include a normal mode and a power reduction mode.

19. A multi-mode portable lighting device according to claim 1, wherein
said operating modes include a normal mode and an SOS mode.

20. A multi-mode portable lighting device according to claim 1, wherein
said operating modes include a normal mode and a blink mode.

20 21. A multi-mode portable lighting device according to claim 1, wherein
said state machine stores a mode of operation for greater than or equal to 0.75
seconds and less than and less than 3 seconds.

22. A multi-mode portable lighting device according to claim 1, wherein
said state machine stores a mode of operation for greater than or equal to 1.0
25 second and less than or equal to 2.0 seconds.

23. A multi-mode portable lighting device according to claim 1, wherein
said state machine stores a mode of operation for about 1.5 seconds.



17. A multi-node portable |ighting device according to claim11, wherein the
state machine includes two state outputs connected to the controller, and

t he cont rwDl2ero/i8303¢onfi gured to control the el ectronic PORAS26MI00@B3 I N a
manner to provide four nodes of operation. 18. A nmulti-node portable

|'i ghting device according to claim11, wherein said operating nodes include
a normal node and a power reduction node. 19. A nulti-node portable

| i ghting device according to claim130wherein said operating nodes include
a norrmal node and an SOS node. 20. A nmulti-node portable |ighting device
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node of operation secon hod of operating a
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connecting a light source to a portable power source, a controller for

controlling an el ectr switch dIS sed rcuit
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hglousecgh‘?oﬁ%l\@?"}gf@bgro the controller, the nethod conprising the steps of:
using the controller upon power up to read at | east one output signal from
a state machine t\ﬁnﬁ’ﬁg? & %é&w@nfddesbf BBéu%ti% ORI el @dshthﬂré@doqnetétgté east

ting a secon erat|on
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25. The method of claim 16, wherein the brief period of time is less than
or equal to 1.5 seconds.

26. A method of calibrating one or more memory capacitors of a driver

circuit for a multi-mode portable lighting device, wherein each memory capacitor is

20 connected to a data port of a controller in parallel with a bleed off resistor, the
method comprising:

powering the driver circuit to charge each of the one or more
memory capacitors;

removing the power from the driver circuit for a predetermined time
25 interval;

powering the driver circuit as soon as the predetermined time
interval has lapsed;

measuring the voltage value on each of the one or more memory
capacitors; and



or equal to 1.5 seconds. 26. A nethod of calibrating one or nore nenory
capacitors of a driver circuit for a multi-node portable |ighting device,
wher ei n esiolRomMAsBO3y capacitor is connected to a data poPCTAS2&0000083 ol | er
in parallel with a bleed off resistor, the nmethod conprising: powering the
driver circuit to charge each of the one or nore nenory capacitors;
renmoving the power fromthe driver circuit for a predetermned tine
interval ; powering the driver circui8las soon as the predeternined tine
interval has | apsed; neasuring the voltage value on each of the one or nore

menory capaci t or toriHifitHeOUbIehd hreasréR96r BBET oF tNe fdte 6RAtbrefmEhrpne or

nore nenory, capacitors ip a non-volatile ry accessible by the
contr Oppg@é_/ltors I?n a non-volaRle memory access|bler[>eynt?1eycon(iro?ler. Y



