1 METHOD AND APPARATUS FOR POAER MANAGEMENT I N AN ELECTRONI C DEVI CE

[0001] The present application relates generally to el ectronic devices and
nore 5 particularly relates to a nmethod and el ectroni c device for power
managenent in an el ectronic device, such as a nulti-function portable

‘el ectronic device that includes a canera flash or the like. [0002]
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[06004] However, power management in such devices slill needs much improvement.

20  One particular vexing problem is the camera flash. When the battery is low, or cold, the
battery ESR may be too high to support a camera flash. The camera flash is a high drain
on the battery for a long period of time. It is not uncommon for a camera flash to draw up
to about one ampere (Amp) of power from the battery for up to about eighty milliseconds
(ms). This draw can cause battery “droop”. In such cases the battery droop may be such

25 to trip battery supervisory circuits, causing the handset to reset or go into sleep mode.
This can be a frustrating experience for the user.

[06005] One approach to try and address this problem is to map known levels of
battery capacity and voltage into tables that are associated with events that should occur
at those battery capacity levels. This can be an effective approach for components that

30 draw relatively small or steady amounts of power. However, for a flash or other high-
intensity component, a large margin of battery reserve is needed as the momentary
conditions of a battery that can withstand such a high-intensity burst can vary.
Accordingly this approach is not a satisfactory option for at least some situations.

[0006] US-A-5963255 describes a system and method for managing utilization of a

35 battery, particularly in the context of a digital camera. The camera is configured to monitor
the voltage level of the camera, and, if the voltage falls below a predetermined threshold,



[ 0006] US- A-5963255 describes a system and nmethod for managing utilization
of a 35 battery, particularly in the context of a digital canmera. The
canera is configured to nonitor the voltage |evel of the canera, and, if
the voltage falls below a predeterm ned threshold, 2 then the power
manager configures the canera into a | ower power consunption state. The
use of nultiple power consunption states does not address the problemthat
can be caused by a flash or other high-?ntensity conponent whereby a | arge
margin of battery reserve may be needed, and difficult to determ ne, as
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processor, a supervisor c¢ircurt, sal ured to
performa function that draws 30 power from said power supply; said

processQr baigikgonfigured to performthe steps of:

[0009] An aspect of the invention provides an electronic device comprising: a power
supply; a supervisor circuit connected o said power supply for disabling all or a portion of
functions of said electronic device if a first level of power from said power supply falls
below a predefined threshold, a radio, said supervisor circuit configured to disable said

25 radio when said power supply falls below 3.4 Volis for at least five milliseconds; a
processor connected to said power supply and said supervisor circuit; said processor
configured to receive a request via an input device for a function to be performed by said
elecironic device; an output device connected to said power supply, said processor, and
said supervisor circuit, said output device configured to perform a function that draws

30 power from said power supply; said processor being configured to perform the steps of:
performing a pre-function test; said pre-function test based on said function and selected
to consume less power than said function and also selected to not cause the first level of
power to fall below said predefined threshold; determining a second level of power to said
device as a consequence of performing said pre-function test; and, if said second level of

35 power meets at least one predefined criterion, preventing said device from performing

said function or otherwise permitting said device to perform said function.



performng a pre-function test; said pre-function test based on said
function and selected to consune |ess power than said function and al so
selected to not cause the first |level of power to fall bel ow said
predefined threshol d; determning a second | evel of power to said device
as a consequence of performng said pre-function test; and, if said second
| evel of 35 power neets at | east one predefined criterion, preventing said
devi ce from perform ng said function or othermﬁse permtting said device
to performsaid function. &0010] Afte reventlng t he device from
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once before a once orm ng t pre unction test. 25 [0017] The
processor @aviche configured to neasure the battery | evel throughout the

per f or manceadifg) t heriy fsf WG bh@%he &ond level of power can be measured using one or

more of battery voltage, battery amperage, battery equivalent series resistance, and

20  battery temperature.
[0015] The processor can be configured to measure the battery level after performing
the pre-function test.
[0016] The processor can be configured to measure the battery level once before and
once after performing the pre-function test.

25 [0017] The processor can be configured to measure the battery level throughout the
performance of the pre-function test.
[0018] The processor can be further configured to, after preventing the electronic
device from performing the function, permit the output device to perform an alternative
function that consumes less power than the function.

30 [0019] Where the function is a camera flash used at full power, the alternative
function can be the camera flash used at less than full power.
[0020] The alternative function can be chosen to consume a third level of power that
is greater than the predetermined threshold and differs from the predetermined threshold
by a value that approaches zero.

35 [0021] The supervisor circuit may be configured to enter said electronic device into a
sleep mode when said power supply falls below 3.1 Volts for at least three milliseconds.



[ 0018] The processor can be further configured to, after preventing the

el ectronic device fromperformng the function, permt the output device
to performan alternative function that consunes | ess power than the
function. 30 [0019] Where the function is a canera flash used at full .
power, the alternative function can be the camera flash used at |ess than
full power. [0020] The alternative function can be chosen to consune a
third | evel of power that is greater th&n the predet erm ned threshold and
differs fromthe predeterm ned threshold by a value that approaches zero.
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15 battery level cannot sustain a full flash;

Figure 7 shows exemplary voltage profiles of a battery when a flash is used at full power;
and,
Figure 8 shows exemplary voltage profiles of pre-flash tests overlaid on the voltage
profiles of Figure 7.
20
DESCRIPTION OF PREFERRED EMBODIMENTS
[6024] Referring now to Figure 1, a front view of electronic device in accordance with
an embodiment is indicated generally at 30. Device 30 includes a housing 34 that
frames an input device in the form of a keyboard 38 and an output device in the form of a
25 display 42. In a present embodiment, device 30 includes at least the functionality of a
wireless email paging device and a user of device 30 can interact with keyboard 38 and
display 42 to send and receive email messages. |t is to be understood that device 30 is
simplified for purposes of explanation, and that in other embodiments device 30 can
include, and typically would include additional functionality and include input and output
30  devices accordingly. Such other functionality can include voice telephony, music player,
audio recording and video player. Thus, other input devices can include microphones,
and other output devices can include speakers. Device 30 can also be equipped with

Bluetooth™

(or equivalent technology) which acts as a wireless conduit for such input
and output device. In general, it should be understood that device 30 can include any
35 combination of functions.

[0025] In a present embodiment, device 30 also includes a camera. Referring now to



frames an input device in the formof a keyboard 38 and an output device in
the formof a 25 display 42. In a present enbodi nent, device 30 includes at
| east the functionality of a wreless email paging device and a user of
device 30 can interact with keyboard 38 and display 42 to send and receive
emai | nessages. It is to be understood that device 30 is sinplified for
pur poses of explanation, and that in other enbodi nents device 30 can

i nclude, and typically would include addi'tional functionality and include

i nput and output 30 devices accordingly. Such other functionality can
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connected to any component (e.g. the CCD associated lens 46, radio 62, display 42 and
flash 50) within device 30 that needs power to operate.
[0028] Those skilled in the art will now recognize that flash 50 is a high-intensity
component that can cause significant battery drain. As an example, for device 30 it will

25 be assumed that flash 50 draws about one ampere of power for about eighty milliseconds
during a single picture-taking flash.
[0029] Device 30 also includes a supervisor circuit 70 that is connected to battery 66
and processor 54. Supervisor circuit 70 is operable to monitor the life of battery 66 and
depending on the life of battery 66, supervisor circuit 70 can disable various components

30 that draw power and/or cause device 30 to enter sleep mode and/or turn-off device 30
altogether. Supervisor circuit 70 is shown as a separate hardware component within
device 30, but it should be understood that can simply be implemented as a software
process that executes on processor 54. (As a still further alternative to the present
embodiment, supervisor circuit 70 can be implemented as part of a larger analog power-

35 management integrated circuit, such as the TPS65800 power management integrated
circuit (“PMIC”) from Texas Instruments Incorporated, 12500 T1 Boulevard, Dalias, TX



20 only shown connected to processor 54, but it will be understood that
battery 66 is connected to any conponent (e.g. the CCD associated | ens 46,
radio 62, display 42 and flash 50) within device 30 that needs power to
operate. [0028] Those skilled in the art will now recognize that flash 50
Is a high-intensity conponent that can cause significant battery drain. As
an exanple, for device 30 it will 25 be assuned that flash 50 draws about
one anpere of power for about eighty m | B seconds during a single

pi cture-taking flash. [0029] Device 30 also_includes a supervisor circuit
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15
[0031] In Table |, two exemplary parameters are shown. The first column, event
number, is simply a label for a particular set of parameters. The second column, voltage
threshold, defines a certain voltage level below which an event associated with the event
number may be triggered. The third column, duration, defines a time period whereby if

20  the voltage of battery 66 in the second column falls below the voltage level in the second
column for the duration in the third column, then the event in the fourth column will be
triggered.
[0032] For example, in event number one, if the voltage of battery 66 drops below 3.4
Volts for five milliseconds, then supervisor circuit 70 will disable radio 62. Likewise, in

25  event number two, if the voltage of battery 66 drops below 3.1 volts for three milliseconds,
then supervisor circuit 70 will cause device 30 to enter sleep mode.
[0033] It is to be understood that the parameters in Table | are exemplary. Other
parameters may be included, such as a measurement for equivalent series resistance
("ESR”). Complex formulas may also be associated with each parameter before a

30  particular event is triggered.
[0034] Referring now to Figure 4 a method of power management in an electronic
device is represented in a flow-chart and indicated generally at 200. To assist in



(Volts) (mlliseconds) 1 3.4 Volts five ns Disable radio 62 2 3.1 Volts
three ns Enter sleep node 15 [0031] In Table I, two exenplary paraneters
are shown. The first columm, event nunber, is sinply a |abel for a
particul ar set of paraneters. The second colum, voltage threshold,
defines a certain voltage |evel bel ow which an event associated with the
event nunber may be triggered. The third colum, duration, defines a tine
period whereby if 20 the voltage of battéry 66 in the second colum falls
bel ow the voltage |evel in the second colum for the duration in the third
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met hod 200 [0@36] beNextpataatm&O a preefunstiart teptis iniiated imapcesenteranpleldhs ee- 30

in the, gontf&aetnom?s&[saf e%shk&wgé scdde c}f%hé@e%sHM@fss& ggnh ﬁ‘tﬁod 200
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is received step can be ef when processor
recei ves arevenigin Takilal.keyboard 38 that the user desires to use the flash

function i er r r I
a6, 0036] MEHC" PALE. dbobisfitftoablel FUbnaaRb beficRfod FRH ool 3"”%‘;& esent
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pre-f ash g)gé.h?éﬁrggr@@grea ﬁéﬁgeﬁfh b ucRBhAFRIFALe FHRBEMEYo thif e 70
pre-flash test will not cause superwsor cwcmt 70 to cause device 30 to enter sleep mode.
Thus, as an example, it can then be desired to establish a pre-flash test that fires flash 50
so that flash 50 will draw the full one ampere of current from battery 66, but at the same
20 time only fire flash for a period of two milliseconds (or other period well less than three
milliseconds), so that the pre-flash test does not exceed the thresholds of supervisor
circuit 70.
[0038] According to the above example, at step 220 flash 50 will be fired by
processor 54 for a period of two milliseconds such that one ampere of power is drawn by
25 flash 50 from battery 66 for a two millisecond period.
[0039] Next, method 200 will advance from step 220 to step 230 at which point the
level of baitery 66 will be measured. Again, the variables used in measuring battery 66
are not particularly limited, and can include any known measurements used for
measuring battery 66, for example, voltage level and ESR. At step 240, a determination
30 is made as to whether the level measured at step 230 is below a predetermined
threshold.
[0040] If, at step 240, it is determined that the battery level is below the predefined
threshold, then method 200 advances to step 250 where an exception occurs. The
exception can simply be a message presented on display 42 to the effect that the battery
35 levelis too low in order to use flash 50, and flash 50 can then be disabled so that device

30 continues to otherwise function normally except that flash 50 is not available for use.



not actually exceed the event thresholds of the supervisor circuit 70 and
trigger one of the events in Table |I. [0037] Since, according to Table I,
if the voltage of battery 66 drops below 3.1 volts 15 for nore than three
mlliseconds device 30 will enter sleep node, then the duration of the
pre-flash test should be chosen to be nuch shorter than three mlliseconds
so that the pre-flash test wll not cau%e supervisor circuit 70 to cause
device 30 to enter sleep node. Thus, an exanple, it can then be desired
to establish a pre-flash test that flres flash 50 so that flash 50 wll
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formof flo epictin
step 220a. In turn that proflie can be compared with known profiles that predict whether

20  afull duration flash would exceed the threshold parameters of supervisor circuit 70.
[0044] It should be understood that method 200 and/or method 200a and/or variants
thereof can be directly incorporated into supervisor circuit 70.

[0045] It is to be reiterated that the foregoing embodiments are merely exemplary and
variations, combinations and/or subsets of the embodiments discussed herein, and/or

25  other embodiments not expressly discussed herein are contemplated. For example,
while the previous embodiments contemplate that the exception at step 250 or step 250a
would involve not permitting the flash to proceed, in other embodiments other exceptions
could occur. Figure 6 shows an exemplary set of steps that could be used to implement
step 250 or step 250a. At step 251 the battery level is measured. At step 252, a

30 determination is made if the battery level exceeds a predetermined threshold. If the
response at step 252 is “No”, then at step 253 a flash photograph is not permitted. At
step 254 a determination is made as to whether other adjustments can be made that will
compensate for the poor lighting that lead to the request for the use of the flash in the first
place. The determination could be based upon whether decreasing the shutter speed,

35 and/or increasing the aperture size of the lens and/or any other type of adjustment that
can compensate for poor lighting conditions. If the response at step 252 is “No”, then at



200a i ncludes many of the sanme steps as nethod 200 and |ike steps include
the same references except followed by the suffix "a". O note, however,
met hod 200a i ncludes 10 step 215a where the battery level is nmeasured once
before the pre-function test at step 220a, and then again after the
pre-function test at step 230a. Also of note is that step 240 is replaced
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speed or a ut omat 1 cal gus ed doermt t he hoto%rahto
be taken <cause devrce 30 to enter sleep mode Vol oltage

of battery 66 from Vs when the ambient temperature is about A °C and flash 50 is used

age proflle 300 represents the drop in
at its full setting, drawing about one ampere of power, over a full time period t of about 80
milliseconds.

25 [0050] In contrast voltage profile 308 represents a profile that will NOT cause
supervisor circuit 70 to cause device 30 to enter sleep mode. Voltage profile 308
represents the drop in voltage of battery 66 from Vsan when the ambient temperature is
about A °C and flash 50 is used at its full setting, drawing about one ampere of power,
over a full ime period t of about 80 milliseconds.

30 [0051] Those skilled in the art will now recognize that profiles 300 and 308 are
idealized for purposes of explanation, and that in practice such profiles are not
necessarily linear.

[0052] Numerous profiles (or representations thereof), such as profiles 300 and 308,
can be gathered for different Vs, voltages of battery 66 and different ambient

35 temperatures A °C. An “average” version of profiles (such as profile 300 and 308) can be
established by determining profiles for a number of substantially identical copies of device



wi thout a flash. At step 258 the photograph is taken. 5 [0046] Likew se, if
the response at step 252 is "Yes", then at step 256 the flash settings are:-
adj usted to reduce power consunption by flash 50 so as to not cause
supervisor circuit 70 to shut down device 30. The exact settings for flash
50 at step 256 can be chosen so as to maxi m ze the anmount of |ight output
fromflash 50 but without tripping supergi sor circuit 70. 10 [0047] It
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performed in conjunction with step 257, so as to vary the settings of the
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10 30, so that variability between devices can be ascertai ned and

consi dered when establishing profiles. (Such variability can include
battery age, battery quality, and/or overall quality of all of the
conponents that conprise device 30, and the manufacturing processes
affecting the sane. For exanple, sonme seem ngly identical flash conmponents
51like flash 50 will consune nore power %han others.) Referring now to
Figure 8, profiles 300 and 308 are repréduced, except that graph 304
includes a pre-function test profile 316, while graph 312 includes a
pre-functi Ghimest profile 320. Pre-function test profiles 316 and 320 are

exanpl es of the ristHgeP 220 or step 220a can have when
per f or med in e(\a)?(cqe d eﬁ(?t))#gg\?ﬁ exanpl e, when nethod 200 is perforned and

step 10 220 resalpbwetsum;lMtery 66 exhibiting profile 316, then at step 240
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devi ce 6 30) conpr réde%gor coﬁf[@f}\é@ QE% re&ue,%‘t' p@réﬁ' Iﬁwt delvice forta furbkion to be

connected to sal |sab I'ng al 5 portion of
functions of sai cbedbtmedbmwd et@@tr@@cdﬁwae,fu rst I evel of power from said

power supply fal lt%uﬁi% ice QIZEQ@)fd ﬁgctéa'i&%@b&me@s §hlcﬁ Roces$or| ghd

superV| sor circult con ure to disable said en sai d g‘@ wer
supply falls bel caﬂldastmewqrs:lr@lefr saifl quius ﬁevlﬁ%onmmeidée@eﬁﬂ'én a fungiien:

.
(54) connected tqj§@§poggmﬁ&n§&g§dweaggx§@|d supervisor circuit; said 10

processor conflgured 0 recelve request via an input deV|ce for a
functi 6B to be spdrpﬁm@t(ﬁ? b%ﬂ@cwfﬁétqddﬁlpéﬁﬁmir@éte%rp out put device (42,

50) connected to S&% ] r%bl’gltﬁ’ét%n S} Qlcﬁ)bl‘é@fﬁﬁﬁﬁfn te@MAsed ah daidyidtivh sor
circuit, said outpu dev] ce configured to performa function that
and selected to consume less power than said function and also selected to
not cause the first level of power to fall below said predefined threshold;
determining a second level of power to said device as a consequence of
20 performing said pre-function test; and,
if said second level of power meets at least one predefined criterion,
preventing said device from performing said function or otherwise permitting

said device to perform said function.

25 2. The electronic device (30) of claim 1 wherein said output device is a camera flash
(50).

3. The electronic device (30) of claim 2 wherein said processor (54) is configured to
activate said flash (50) according to said function for a period of about eighty
30 milliseconds and draws current of about one ampere; and wherein said processor
(54) is configured to activate said flash according to said pre-function test for a period

of about two milliseconds and draws current of about one ampere.

4. The electronic device (30) of any one of claims 1 to 3 wherein, in conjunction with
35 preventing said device from performing said function, said device is configured to

generate an output signal indicating that there is insufficient power to perform said



draws power from said power supply; 15 said processor (54) being configured
to performthe steps of: performng a pre-function test; said pre-function
test based on said function and selected to consune |ess power than said
function and al so selected to not cause the first |level of power to fal
bel ow sai d predefined threshold; determining a second | evel of power to
sai d device as a consequence of 20 perfqrmng said pre-function test; and,
if said second | evel of power neets at | 4st one predefined criterion,
preventing said device fromperformng said function or otherw se
permitting sEngtiefevice to performsaid function. 25 2. The el ectronic
device (30) of claim1 wherein said output device is a canera flash (50).
3. The electronic device (30) of claim2 wherein said processor (54) is
confi gur ed & o Thaglectranie deirel(30) akany B®) of stabos ditn g wheraimsaid device hasiaf or a
period of abo } 1(bhY and. [ one
anpere; and mﬁﬁrgFﬁagﬁféggﬁgéggggggg9@?@gggﬂﬂgﬁﬁpgﬁ%gggﬁgqggﬁggg%8w§%id
flash aécording to said pre-function test for a period of about two
mllisecon ; t . | ect ropj.C
evi co. (30) of ek aartc BMErCio) o a8 aor RmE TRES inefbin T8 pRIBRTH e 2
preventing safenfigetedde Masshieraid ehieve) apdisdidfsenend level of powlerdesingoand or

confi gured t omoRleHas-RER, RitaQiithR E%;Q% | pgi ' . IS

i nsufficient gwer to fgyerfg m sg%’?!sé %éﬁ@gilt%ﬁ%bgga'%ﬁgeg%gg{sﬁb%éﬂcg’ i ce
(30) of any opRiteHY tegmrgraiirel to 4 wherein said device has a rechargeabl e
batteryg(66) housed within said el ectronic device for providing power. 5

6. The electronic device (30) of any one of clainms 1 to 5 wherein said
processor (7547hg slectrailig depinecd0) of anyngrot clamisl! fd 6 shetegvedid arndessair 54écond
| evel of powe i I [ er age,
battery equi vg?dg%?@gégﬁ%ggwgssigg%%% ,Iggéf%%gf%%¥§égbggfeéﬁgg§}gﬁrﬁ3$%@'7. The
el ectroni c defnetion(tgshangfor shrpugheat tie neirfarmarice of saie préréunetion teat.d pr ocessor
(54) is configured to neasure said battery |evel before and/or after
performng said pre- function test and/or throughout the perfornmance of
sai d pﬂé_ f @nclheplesteanic device (30) of any one of claims 1 to 7 wherein said processor (54)is

configured to measure said battery level once before and once after performing said
pre-function test.

9. The electronic device of any one of claims 1 to 8 wherein said processor is configured
20 to capture a time varying profile of one or more parameters indicative of battery level
during the performance of the pre-function test.

10. The electronic device (30} of any one of claims 1 to 9 wherein said processor (54)is
further configured to, after preventing said electronic device from performing said
25 function, permit said output device (42, 50) to perform an alternative function that
consumes less power than said function.

11. The electronic device of claim 10 wherein said function is 2 camera flash used at full
power and said alternative function is said camera flash used at less than full power.
30
12. The electronic device of claim 11 wherein the alternative function is configured to
consume a third level of power that is selected so as not to cause the first level of
power to fall below said predefined threshold.



15 8. The electronic device (30) of any one of clains 1 to 7 wherein said
processor (54) is configured to neasure said battery | evel once before and
once after performng said pre-function test. 9. The el ectronic device of
any one of clainms 1 to 8 wherein said processor is configured 20 to
capture a tine varying profile of one or nore paraneters indicative of
battery level during the performance of_ the pre-function test. 10. The

el ectroni c device (30) of any one of cl al 1 to 9 wherein said processor
(54) is further configured to, after preventing said el ectronic device

f r om per f orl6i Tre elactcoribddvisecafictaim Tpeherein seigd psMSeI Cireldl 7 8 kis canfiguge) tog o
perform an al : | ACk : RN | ]
function. 11.&%@88324 é‘g?tg%wﬁ?éé\g%v'b%gé %I? &gﬁgﬁﬁgh\;\%ﬁgei n 53{@@9?3?}?? ?gnsgs a
canmera fl ash Vidiedorat I¢ast thregpoilisecands.sai d al ternative function is said
canera flash used at |less than full power. 30 12. The el ectronic device of
claim 11l wherein the alternative function is configured to consune a third
| evel 06 pdweFhe dlattronic daicecofeny soeof clans 1 & avhasein gaidfareeassPidel of

power to fall I i i : ; : i C

devi ce of cl a?&nﬁgaé\%ﬁgggg%aéggﬁggﬁgg? @pg%&%ﬂtﬁeu’?at}yl? %g)rofﬁ&%gghfé%ﬁfr&% to
enter said el prametdrgindisativeof hatterydewd! depngribgerpenancgi of theonteriurdiippigstf al | s
below 3.1 Volts for at least three mlliseconds. 5 14. The electronic
device of any one of clains 1 to 8, wherein said processor is configured
to use an average of a plurality of time varying profiles of one or nore
par amehgrs i ndicative of battery |evel during the performance of the
pre-function test. 10



