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Flashlights and other poriable 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.



5 do not include automated operating nodes, such as, for exanple, a
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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 swiich 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 to two seconds, follow ng the opening of the nechanical power
switch before falling below the reset voltage of the controller.
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t he next node of operation. 5A disadvantage of this approach is that
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controller for an adequate period ofatine, resulting in increased
cost. In addition, in some configurations, the required capacitor(s)
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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 voitage 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.



FIG 3 is an enlarged cross-sectional side view of the front end of
the flashlight of FIG 1 as taken through the plane indicated by 2-2

wher e the&éiﬁpbéﬁﬁ I's shown in the OFF position. 15Fh?rm$20l§‘8@0ﬁ3
0 .

cross-sectional view of the LED nodule of the flashlig

FIG 5Ais a side viewof aretaining collar, and FIG 58 is a

| ongi tudi nal cross-sectional view through the retaining collar. FIG
6 is an enbodi nent of a circuifdiagrgmfor the flashlight of FIG 1.
20FIG 7 is a circuit diagramaccording to one enbodi nent of a state
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under st ood t hat tﬁe Invention 1s not restricted to flashlight 10

descri bed herein. Rather, the inventive features of the flashlight 10
descri bBedef Description Of The Drawings

FIG. 1 is a perspective view of a flashlight according to an embodiment of
the present patent document.

10 FIG. 2 is a cross-sectional view of the flashlight of FIG. 1 taken through the
plane indicated by 2-2.

FIG. 3 is an enlarged cross-sectional side view of the front end of the
flashlight of FIG. 1 as taken through the plane indicated by 2-2 where the
flashlight is shown in the OFF position.

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




bel ow, both individually as well as in conbination, all forma part
of the invention. Further, as will becone apparent to those skilled
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aspects of the present invention rmay also be 6 incorporated Into

ot her portable |ighting devices, including, for exanple, head | anps
and | ant erns. Referring to FIG 1, the flashlight 10 includes a
head assenbly 20, a barrel 12, and agtail cap assenbly 30. The head
assenbly 20 is disposed about the 5 forward end of the barrel 12. The
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power source, such as, for example, one or more batteries 16. Thus, the barrei
12 serves as a housing for receiving a portable power source having a positive
and a negative electrode.
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 batteries, 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 emplioyed for



25 batteries, or a plurality of nore than three batteries arranged
in either a series or a side-by-side arrangenent. O her suitable
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barrel condaurg;tivé %IpringC %‘Pemzberaizefc;rr%rgae opme ngound 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 baftery. In this way, the
batteries 16 contained in the barrel 12 are electrically coupled. The center



20 netal, preferably aircraft grade alum num Further, the barrel 12,
tail cap 28, and conductive spring nenber 32 formpart of the ground
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el ectrode 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 assenbly 80 is installed in the barrel 12,
t he conductive spring nmenber 32 fornms an el ectrical path between the
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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 moduie 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 §6, a second circuit board

58, an upper assembly 70 formed by an upper insulator 72 and an upper positive




25 flashlight 10 ON, the head assenbly is rotated in the
counterclockwi se direction relative to the barrel so that the head
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the circuit of the flashlight 10 and turning the flashllght 10 ON. To
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of heatt%ﬁpgﬁe%ﬂghggb 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.
The second circuit board 58 includes the circuitry for operating flashlight 10
30 and making it function as a multi-mode flashiight.
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 can be any light emitting diode that can be soldered to a
25 printed circuit board. Preferably the LED 37 can be soldered to
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made f roma'i ? l’l cal and thermal conducfor, such as al um num
conductor, suc 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



30The heat sink housing 44 is fornmed so that it flares in a region 78
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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



12 protected fromreverse current flow by the use of a diode included
in the electrical circuit of the flashlight. Referring to FIGS
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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.
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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
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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
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35 specific features of the flashiight 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,
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) 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



25 and a duty cycle input 131. The light source 14 has a first,
positive el ectrode 58 and a second, negative el ectrode 59. The
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contact and contact 21 of barrel 12 as a second contact

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 nmachine
150 has a 30 plurality of state port1¥ 182, 184 and a ground
connection 156. In the present enbodiment, the positive el ectrode 122
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MXSFET, Sucqnat?\e presen{: emjboglment the batteries 16 are arranged electrically in

series so that there is a positive electrode 122 and a negative electrode 124, with

20 the positive electrode 122 corresponding to the positive electrode of the front-most

battery 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 5§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 1580 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
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30 series with the light source 14. Further, controlier 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.
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’ 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



25 respectively. Wien the mechani cal power switch 41 is closed so
that the flashlight 10 is turned back ON, there will be a residual
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vol t age on each capacitor 152, 154 is measured by the contro

upon power up when the nechanlcal power switch 41 is closed. The
controller 140 interprets the residual voltage renmai ning on each 30
capacitor 152, 154 as an ON or an OEfg (i.e., as a 1 or a 0),
depending on the voltage it neasures for each capacitor. Based on the
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Val ue SpiQ.ARt efest\WAE ndiinal e CoEtant (F) dep) eabb gerallel RC EBA)it is equal to 3.3
seconds (2.2 uF x 1.5 MQ). This time constant represents the time for each of the
10 capacitors 152, 154 to decay to 37% of their charged voltage value. Thus, if the fully
charged voltage on each of the capacitors 152, 154 is three (3) volts before the flashlight
10 is turned OFF, the voltage on each of the capacitors 152, 154 would be approximately
1.11 volts after the time constant of 3.3 seconds is elapsed. By contrast, the resistance of
charging resistors 172, 174 is preferably set very low (e.g. 10 kQ) so that the time
15  constants () of the RC circuits 172, 152 and 174, 154 is very short (e.g. 22 ms), so that the
capacitors 152 and 154 can be fully charged by controller 140 almost instantaneously
(e.g., 110 ms in the present embodiment). In general the resistance of charging resistors
172, 174 should be set so that capacitors 152, 154 are charged in a period of time that is
substantially shorter than it would take a user to turn ON and then OFF flashlight 10
20 during 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 162, 154 at the time the controlier 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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Table 1. Summary of operating modes and voltage values on capacitors C1

and C2.
Voltage Value Voltage Value Set
Present At Power Turn ON | After Power Turn ON
(current mode) (next mode)
C1 Cc2 C1 Cc2
Mode
(152) (154) (152) (154)
Normal 0 0 0 1
Po
wer 0 1 1 0
Save
Blink 1 0 1 1
S0S 1 1 0 0

As can be seen from the foregoing, controller 140 can readily use the
residual voltage stored on capacitors 152, 154 to determine the operational mode
of the flashlight 10 each time the controller 140 is powered up. Further, as shown
in Table 1, using two parallel RC circuits {152, 162 and 154, 164) allows four
modes of operation. More modes can be implemented by using more paraliel RC
circuits. Because each capacitor can be used to represent two logic values, the
number of available operating modes can be 27, wherein n is the number of
parallel RC circuits. For example, one RC circuit yields a maximum of 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
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
compared against a voltage stored in non-volatile memory. [f the measured
voltage is equal to or greater than the voltage stored in memory for the capacitor,
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5 capacitor should be after a predetermined time threshold has lapsed from the
opening of mechanical power switch 41, for example, 1.5 seconds. This means
that if the user wants to switch from the normal mode to power save mode, he/she
would be able to turn the flashlight 10 off for up to 1.5 seconds before turning it
back on, and the flashlight will change to the power save mode. Any longer time

10 would cause the flashlight to return fo the normal mode.

While the decay voltage value stored in non-volatile memory for each
capacitor 152, 154 may be calculated based on the decay formula V; = Ee’ a
more preferred approach is to empirically determine the voltage stored on each
capacitor 152, 154 after the desired predetermined period has lapsed and then

15 store the residual value for that capacitor in non-volatile memory for the future
reference of controller 140.

Because the manufacturing folerances for capacitors is relatively high, the
actual capacitance of a capacitor can vary significantly from its nominal value, as
well as from the actual capacitance of 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 §8 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 [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 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-volatile memory for each
capacitors 152, 154 now precisely reflects the decay voltage threshold for each
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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 1562 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 {0 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
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the corresponding values in memory and determines the correct mode of
operation is now a fourth mode, which is an SOS mode. The controller 140 then

15 discharge both capacitors C1 162 and C2 154. As shown in Table 1, the logic
value of capacitors C1 1562 and C2 154 are both 0.

As reflected by Table 1, the above process may continue indefinitely while
the user indexes through the various modes of operation programmed into the
controller 140.

20 In the embodiment illustrated in FIG. 7, RC 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 currentf. The cwrent 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



The predeterm ned period is preferably greater than or equal to 0.75
5 second and less than or equal to 3.0 seconds. Mre preferably, the

predeterwﬁjl@gﬁhgd is greater than or equal to 1.0 sggﬂﬁgm@p@m;sgss

than or equal to 2.0 seconds. Still nore preferably,

predeterm ned period is 1.5 seconds. The operation of the fl ashli ght
10 between different nodes will now be described 10 in connection
with Table 1 and FIG 7. Wen the flzghlight 10 is initially turned
ON or turned ON after 1.5 seconds has Iapsed the flashlight 10 is
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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.



5 154. As shown in Table 1, the logic value of capacitors 01 152 and
C2 154 are both 1. While the flashlight 10 is in the Blink node, the
i ght sou L sdply blinks ON and OFF at a frequency i e
control | eﬁﬁ"é!’@és% While the flashlight 10 is in thg&@f"sﬁ’@’%%,

if it is turned OFF for less than, for exanple, 1.5 seconds and then
turned back ON, the voltage val ue nmeasured 10 at both data ports 142
and 144 will be higher than each of Zéweir corresponding 1.5 seconds
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resistor for the current-limted |oad swtch my be sel ected based on
a mnimum out put current desired to be output fromelectronic switch
117 and delivered to the light source 14. Because of the w de

manuf acturi ng tol erances of the current-limted devices, all nopst al
of the devices will actually output a current



10 above the desired output current limt unless nodul at ed.
Accordingly, the controller 140 is configured to control the port
130, and hence the duty cycle input 131 of the electronic switch 117,
using a pul se-wi dth nodul ation (PW) signal. By adjusting the duty
cycle of this PWMsignal, the averaget’output current fromthe
electronic swtch 117 can be controlled to the desired | evel. 15The
duty cycle the controller uses to Qﬁ'r}%ﬂ\@ t he average out put current
of the current-limted electronic swtch 117 to the desired level is
stored in nonvolatile menory, such an EEPROM enbedded in the
controller. During the calibration procedure, the initial duty cycle
val ue st éYlsichimEdory is set at 100% and is then decrenented during
a functional test until the appropriate duty cycle is 20 reached to
produce the desired average output current fromthe electronic switch
117. In one ehbodi Awnilti-mdide patiallc bghting dsvice hempugingnt - 1 i mi t ed
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25 scope of the invention as clainmed below 27 CLAIMS What is

cl ai med: 1. Anulti-node portable |lighting device conprising:

a housing for receiving a portable power source having a positive

el ectrode and a negative electrode; a |ight source having a first

el ectrode and a second el ectrode; 28 a main power circuit for
connecting the first and second el ectrodes of the |ight source to the
positive and negatiyve electrﬁdes of the portable power source,

respect i RISMAIHE and CAMBHIRE Nt volags o FW&’I‘*’B?&HOHQ‘}%C@B&]H&HP [’3 By
switch and an el ectronic power switch disposed electrically in series
with the |ight source; a controller electrically coupled in
series wth t#Ae nedhmtigatdepoeble dightingdeyise ppeprding encleined. mdekramibeal
power WL e,] & BRENAGH s P GARE EQLLLL LS. AL ARYELAG D, § BEcPOf! 3! ©
power source, e "ComtTol T er includ g afi outpu or providing a
control sdsgrl for controlling the opening and closing of the

el ectronic power switch, the controller being configured to contro
the el ectronic power switch in a manner to provide at |east two nodes
of operation;s A rfulfitiAd® peReblt Mighiavded e AcdBRIRE Yo REIARIRFBIA Sk
tenporarily storlng a npde of operation and at |east one out put

coupl ed ERFTENROASAHEFDET BR CPRACIIBIoMuUNi cating at | east 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 out put
signal fromthe st Atmultiaodiepertaldn dighviverdevive hb@rdiogta dbilret, wisrein the
configured to wqitg a nem/nqpe of operation to the state nachine

fol | owi n§PBNEP Agp device 18 an IAUHOL, | ¢ | - npde portabl e |ighting device
according to claiml1l, wherein said controller is a mcrocontroller.

3. Anmulti-node portahle |ighting device according to claiml1,
wherei n said éont r 8Imdt-madepgrnbly ligkting dsvise pesording ta Yamd gdepn said

Operati0Em9@§§§k9ﬁmﬁﬂ?if%1EE?E@NP“G output signal fromthe state

machi ne by reading a voltage on each output signal fromthe 28 state
machi ne and conparing that voltage to information stored in

non-vol atil e FEMDT X - multi-mode portable lighting device according to claim 7, wherein said

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

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 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



4. A multi-node portable Iighting device according to claim 3,
wherein the state machi ne conprises at | east one energy storage
device in parallel with a bleed off resistor. 5. A nulti-node
portable lighting device according to claim4, wherein the energy
storage device is a capacitor. 296. A nulti-node portable

| i ghting device according to claim4, wherein the energy storage
device is an inductor, 7. A multi-node portable |jighting

devi ce as@Brmchyeirrledespfirsg RGpgugihaviagisapasHonB1d hleed oferesistpr i s an
EEPROM  ¢lectricallyBeonfieditl bithd RfeciRPid @i | | ghting device according to
claim7, wherei'n said controller 1s a mcrocontroller and sai d EEPROM
is enbedded in said mcrocontroller. 9. A multi-node portable
| i ghting devi acgardj.n o _cl.ai further ¢ i Si.n n .

anal og-t o-di gi?gal cé’ﬁ‘glé?r'?oéée.pogtaﬁe Wgﬁtﬁ? &éﬁcﬁﬁ?ctof -I%%ea?olgl?]t%‘bvlhgmm the

| i ght i ngs@ehafinrdaeldiitthded a chagdicSistonblecteicallysHipdsahialsegesttetvbegiat al
converter is eng dded iE:s§£% §gntroLler. 11. A mul ti-node

por t abl ed#t? At %ﬁﬁévpﬂ I EHF FREU G ¥ai m 1, wherein the |ight
source is an LED. 12. A multi-node portable Iighting device
according to claim1, wherein the Iight source includes a filanent.
29 state nachihe iAchuwldescds poitelge ligiging derigk pedezdingity aivalfaeiesm thad a
bl eed of f S| Ct Ll Vi t i |

par al | ol reosfRbEb o BGELiERt 26y BRIRGRY B ity bRF-AIRRE B iddaorry,
to cl ai meb3torwherein the state machine further includes a charge
resistor electrically disposed in series between a data port of the
controller and the first RC circuit. 15. A multi-node portable

lighting devig¢g acgefgiiMhde@oRhib Mhiithg WORE @tddrdiletd @SSt AGEreR] tht he
charge resistor is substantlajlggless than the resistance of the
t

bl eed of bleedaffsesistor has a resistapge ofpat hgpst tworpsérss pomegibivde picatst thag tevi ce
accordinghgg?&ggb 15, wherein the bleed off resistor has a
at I

resi stance east two orders of magnitude greater than the

charge resistor. 17. A multi-node portable Iighting device
according to aim1l, wherein the .state nachine..includes. t state
output s connebted Ba e Rprant e et Ven a Do B B el o e
to contr ghtetrhRhile @EdNIdRE k6o RAWRIIHW dofiflectdd 8 (HERDARS11dr CanildltBY/ dh@roflQus
nodes of operation. ) o .

configured to control the electronic power switch in a manner to provide four modes of

operation.

18. A multi-mode portable lighting device according to claim 1, wherein 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.

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



18. A multi-node portable lighting device according to claim1,
wherein said operating nodes include a normal node and a power

reducti on node. 19. A nmulti-node portable lighting device
according to claiml, wherein said operating nodes include a nornal
node and an SOS node. 20. A mA%i-node portable lighting
device according to claim1, wherein said operating nodes include a
nor mal de and nk m)ded 21. A multi-node portable

l'i ghting eaé%%mg%‘?& t:]"alilﬁﬁecto{} ¢laim1l1l, wherein said state nmachine

stores a node of operation for greater than or equal to 0.75 seconds
and 30 less than and | ess than 3 second 22. A mul ti-node
portabl e |ight¥ng O Eén%d@dv@r’tal?lﬁ&gktalgcfleaicﬁ]aacor@m%F%qiﬁnsblwesquaﬁaéd
machi ne %@rﬁeﬁ:hﬁlem% plho@aoﬁr@aagen %& r&i&@;a%rorteam @l o@%ﬁh altld)legs 0
second and | ess than or equal . secon S. : mul ti - node
por t abl etHahghtquadtodbl sevendsc cor d| ng to claim1, wherei n sal d state
machi ne stores a node of operation for about 1.5 seconds. 24.
A nmet hod of operating a multi-node portable |ighting device including
a mai n power gi.r cuAtmiliimeieppashle ighting degtmte aSudifgtd dajth ROvHeedMh eaid
power source, controller for controlé n el ectronl C power swtch
di sposedSPiF MardingsioReSFoRmese ¥ aperiipn for ?eﬁ%ﬂ Sseries with the

| i ght source, the controller being electrlcally connected in series
to a mechani cal power switch disposed in the main power circuit in
series with tBe |igheethasiofoperatios anivkthmade poadle hghting devicqimehuflinga t o
t he contrg e
controll erl up wer%fgﬁ“‘é%; Qgr?w&%gpa(rjhgﬁt Q(%h é'h[t r?gtgglﬁg BW?I Sourcea#j&*nrﬂgnn%m
state rraﬁhlcnﬁlctlhngiai eemome: povler ssitchadisimsed mabemainl p@meba:scmﬂt iarlettiral

| east one out put sjgnal ;. witing a second no erat| on
from t neSeBRRIINE IS ottt copB Ol R e BT DHE BB 2l Ohar ei n
the st at geom@iianfoWd:rlstvittie BpR8Y id A6 nBArsywhr EREGt BfscORariat iheMighor a
brief period after the nechanical power switch is opened so that if

t he mechamireseandyonly acsuasttbauses indyrdse dp hererteoliendhanetbed prompréing tipses,
t he cont tﬁ% w Il operate in the second node of operation.

25. A rre d of calibrating one or nore nenory capacitors of a driver
circuit for ausmg ﬂmcumﬁélepqncnamverhp gjmehd\gldﬂvbmutwmeigahlrfrcemahtate
menory capacitor connected,tq. a dat rt ontr | lLer in

paral l el alflﬂe %Iteé"‘éllflecf‘f St mgqeg %cg’lpem?%b tRB eé?ﬁ*?ﬁ tSieBder i ng
the driver ci#gidhfab@oslaiode oLdshatidh ffdnetherentedllel ey e Bfafmﬁachme
capamtors removi ng the povver fromthe driver circuit for a

pr edet er fAIGSENE PoTET DA Bheren thesate Maaking wal wmepber te seqond mede @Bon as
the pr edS}Bé?{itEJ rkgfiah eliBdl 8fidGhe NBShahRESRVer FERIAS bﬁ&eﬁ@@tﬁé?lf{tﬁege
val ue on eac (6] ne or

nore nenory capaC|tors
mechanical power switch is closed before the brief period lapses, the controiler will

operate in the second mode of operation.

25. 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 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 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



31 storing the voltage nmeasured for each of the one or nore
menory capacitors in a non-volatile nenory accessible by the
controller. 26. The nethod of claim25, wherein the brief period of

time is less than or equal to 1.5 seconds.
31

storing the voltage measured for each of the one or more memory capacitors in a

non-volatile memory accessible by the controller.

26.  The method of claim 25, wherein the brief period of time is less than or

equal to 1.5 seconds.



