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(54) Title: APPARATUS AND METHOD FOR UPDATING REMOTE STANDALONE FIRMWARE

FIG. 4

A MICRO-CONTROLLER IN A CHARGING DEVICE DETERMINES
THAT AN UPDATING DEVICE IS INSERTED IN A CHARGING
SLOT ON THE CHARGING DEVICE

/410

RESPONSIVE TO THE DETERMINING, THE MICRO-CONTROLLER
EXECUTES INSTRUCTIONS STORED IN A BOOTLOADER
SECTION (I.E., A SECOND SECTION) IN A FIRMWARE
ON THE CHARGING DEVICE

/420

THE MICRO-CONTROLLER SWITCHES TO AN UPDATING MODE l/

430

IN THE UPDATING MODE, THE MICRO-CONTROLLER UPDATES
INSTRUCTIONS STORED IN AN APPLICATION SECTION (L.E., A
FIRST SECTION) OF THE FIRMWARE, WHEREIN THE FIRST
SECTION IS CONFIGURED TO STORE CHARGING FUNCTIONS
EXECUTED BY THE CHARGING DEVICE

| -440

END

(57) Abstract: A charging device may include firmware configured to execute and control charging functions and updating func-
tions performed by the charging device. The firmware includes a first section configured to store instructions associated with the
charging functions and a second section configured to store instructions associated with updating the first section. The charging
device may also include a charging slot for insertion of one of a rechargeable device and an updating device. The charging device
may further include a micro-controller configured to execute instructions stored on the firmware. Responsive to the updating device
being inserted into the charging slot, the charging device executes instructions stored in the second section to enter an updating
mode and update the firmware.
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APPARATLS AND METHOD FOR UPDATING REMOTE STANDALONE FIRMWARE

BACKGROUND OF THE INVENTION
{0001] Standalone battery chargers (also referred to berein as charging devices) are
widely used to charge rechargeable batteries such as those used in mobile
comnumications devices. Non-limiting examples of mobile communication devices
may inclade mohile or portable radios, mobile computing devices, smartphones or
persongl digial assistants (PDA). These standalone charging devices may be used in
remote locations and may not have wired or wireless connections 1o other computing
devices. The battery charging functions in these charging devices are tvpically
controlled by a micro-controller based hardware cirewitry with factory-mnstalled
firmware (i.¢.. a persistent memory that stores program code and data). Information
stored in memory used by factory-instalied Hranvare may tvically be permaneantly
wstalled and cannot be changed easily afier manufacture. As a result, once the
charging devices are deployed for use, the firmware within the charging device used
to operate/control its functionality cannot be convententy updated.
{00021 YWhen a charging device 13 deplovad for use In a remote location (e, outside
of a manafactoring or service center), the firmware may need to be ypdated to fix
errors andfor to add new features to the charging device. Tyvpically, the charging
device may have to be sent to a factory/service center or g technician may be sent o
the location where the charging device is deploved {0 physically change or reprogram
the memory associated with the firmware. Consider an example where there 13 a new
requirement as to how data is to be secured by the Srmware, a new requirement as to
how the charging device s to safelyv operate. or a new feature to suppmt multiple
haitery chemisiries i a single charzing device. To update the firmware used in the
charging device to support the new requiremenis/features, a trained technician will
have 1o visit the remote site where one or more charging devices are located and
update each charging device individually or each charging device will have to be
taken oul of service and sent to a service center for the updates to made o the

firmware. Whether or not the firmware 1 updated by a technician at a remote site or
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i a service center, the updating process mvolves disassembling each charging device
to be updated. updating the firmware with specialized tools and reassembhing the
charging device. This updating process is costly and mayv result in a charging device
being mut of service for an extended time pertod while its firmware 1s being updated.
0003} Accordingly, there is a need for an apparstus sund method for updating a

ramote standalone firmware,

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0004] The accompanving figures, where hike reference mumerals refer o wdentical or
fonctionally sisular elements throughout the separate views, together with the detaled
description below, are incorporated in and form part of the specification, and serve o
further Hlusirate embodinments of concepts that mecluds the claimed invention, and
explain vanous principles and advantages of those embodiments.

[0003] FIG. 115 a Mock diagram of a charging device used in accordance with some
embodiments.

[0006] FIG. 2 is a block diagram of a firmware used in accordance with some
embodiments.

[0007] FIG. 3 15 a block diagram of a lrmware gpdating device used in accordance
with some embodiments.

[0008] FIG. 4 1x a flowchart of a method of updating a charging device in accordance
with some embodiments.

[0009] Skilled artisans will appreciate that elements in the figures are Hlustrated for
simaplicily and claritv and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements n the figures may be exaggerated relative to
other elements to help to improve understanding of emabodiments of the present
mnvention.

{0010] The apparatus and method componenis have been representad where
appropriate by conventional symbols in the drawings, showing ondy those specific

details that are pertinent to understanding the embodiments of the present mvention so
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as not to obscure the disclosure with details that will be readily apparent to those of

ordinary skill in the art having the benefit of the description berein.

DR rAILED DESCRIPTION OF THE INVENTION
[0011] Some embodiments are directed 1o methods and apparatuses for updating
firmware i a charging device. The charging device includes firmware configured to
execute and control charging functions and updating functions performed by the
charging device. The firmware mcludes a {irst section configured to store matructions
associated with the charging functions and a second section configured to store
mstructions assoctated with updating the first secnon. The charging device also
meludes at least one charging slot for insertion of ong of a rechargeable device and an
updating device. The charging device hurther includes a micro-controller configured
{0 execute mstractions stored on the [irmwvare. Responsive to the updating device
being inserted into the chargmg slot, the charging device executes instructions stored
m the second section to enter an updating mode and update the firmware.
{0012] FI1G. 1 is a block diagram of a charging device used m accordance with sone
embodiments. Charging device 100 may be used to charge a rechargeable device, for
example, g rechargeable battery used in a mobile communications device, Non-
fimiting examples of a mobile communications device may include mobile or portable
radios, mobile computing devices, smartphones or personal digital assistants (PDA).
Charging device mav include one or more slots 110 (e, slots 110a-110x) for recaipt
of a rechargeable device. When, for example. a rechargeable battery 13 inserted into
one of stols 114 {for example, slot 110a) in charging device 104 and contacts on the
rechargeable battery are connected with contacts i slot 110a, charging device 100
may retrieve information, such as the battery characteristics or batfery use data, from
a memory on the rechargeable batterv. Based on the information retrieved from the
rechargeable device batiery, charging device 100 may recharge the battery.
{0013] Charging device 100 nmay be a standalone device without any wired and/or
wirgless connections to other computing devices. Therefore, charging device 100
mayv be configured 1o include a micro-controller based hardware civeuitry 102 and a

factory~instalied firmvware 104, Micro~-controlier 102 mav be configured to control
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charging and updating functions performed 1n charging device 140 by execuling
charging nstructions stored in firmware 104, Fiemware 104 may include a persistent
memory that mav be configured {o store charging and updating instructions and data.
Memuory assoctated with firmavare 104 may be non-volatile memory, such as read-
only memory (ROM). erasable programmable read-only memory (EPROM), or Hash
memory (1.2, electronic non-volatile computer storage medium that can be
electrically erased and reprogranmumed).

{6014} F1G. 2 s a block diagram of a firmware used m accordance with some
embodiments. Firnnvare 104 may include two separate flash memory sections, an
application section 106 {also referred 1o herein as a first section} and bootloader
section 108 {also referred to herein as a second section). Application section 106 1s
configured to store mnstructions for executing charging related functions. Accordingly,
m a charging mode, firmware 14 may use instructions stored n apphication section
100 to charge one or more rechargeable battenies inserted mito one or more charging
slots 119 on charging device 104, Bootloader section 108 i3 configured to store
hootloader instructions (e , wstructions for loading a rumtime environment for
firmware 104 after completion of pre-defined start-up tests). While executing the
hootloader instructions, firmware 104 may operate in an updating mode. In the
updating mode, firmware 104 may update the instructions stored in application
section 106,

[015] Application section 106 may be further divided into memory sections. Toan
ambodiment, application section 106 may be divided into pages {i.e., page O-page M)
and each page may be further divided nto blocks {1.e., block O-block N}, Each block
may be of a specified fixed or vanable size. For example, each block may include 16
bytes of data. Portions of application section 106 may thus be uniguely identified by
its page manber and block mumber. For example. the shaded block mav be identified
as page 1, block &

[0016] Funuvare 104 mav be designed for a specific hardware platformy. Accordingly,
a platform tvpe field may be stored in a predefined and specific bloek {referred 1o
herein an identification block) in application section 106, For example, page | block

1, mav be configured as the idemtification block 1o idenufy the platforn: on which



WO 2015/148147 PCT/US2015/020149

firmware 104 18 to operate. A platform type field stored in page 1, block 1, may
melude a unique platform type value that identifies the associated hardware platform
on which firnvvare 104 may operate. In some embodiments. a platform type field
may be unnecessary because each category of mobile commumications devices may
have physically distinguishable batteries which cannot be mechanically inseried
within the battery slots of other categories of mobile conwnunications devices. Hence,
the physical form of the battery uself may be a platfornt identifier.

{0017} Firmware 104 mav also be assigned one or more version numbers.  For
example, firmware 104 may be assigned a major version number andfor a minor
version number to identify the version(s) of the mstructions stored in application
section 106, The version numbers may also be storad in a predefined and specific
block in application section 106, A checksum value may also be stored ina
predefined and specific block in apphication section 106, The checksum value 1s
calcuiated duning compilation of the wstructions to be stored in application section
106. The checksum value may be checked before mstructions siored in application
section 106 is updated and may be used to verify the mtegnity of firmware 104 after
firmware 104 has been updated. The platform tvpe value, versions nurnbers andior
checksum vatue may sach be stored in the same identiflication block or i a different
wdentification blocks.

[0018] Charging device 100 may include one or more charging slots 116 {i.e., slots
T10a-110x} for inserting, for exanple, a rechargeable battery, A firmware updating
device, as shown in FIG. 3, mav also be inserted into one or move predefined charging
slots 11 (also referred 1o herein as a charging and updating slot) in order to update
firmware 104, In addition, a rechargeable battery may also be recharged when
inserted in the charging and updating slot{s).

{80191 FI1G. 3 is a block diagram of a firmawvare updating device formad in accordance
with some embodiments. The external form of firmware updating device 300 may be
the same as the external form of| for example, a rechargeable batiery conligured {0 be
charged when inserted into a charging stot 110 in charging device 100, However,
uniike a rechargeable battery which may include some combination of a thermistor,

cells, cell protection devices, integrated circuits for assessing batiery parameters, low
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capacity EEPROM, and a slave address associated with the memory of the
rechargeable battery and that is dependent on a bardware platform, finmware apdating
device 300 may not include cells and therefore mav not have to go through a safety
approval process and has no shelt life inutation. Firmware updating device 300
mcludes a high capaaity (HC) electrically erasable programmable read-only memory
{EEPROM) 302 whose slave address 1s distinguishable from that of a rechargeable
hattery. Charging device 10 may therefore use the distinguishable slave address to
wentify firmware updating device 300 and to distinguash Brmware updating device
300 from a standard rechargeable battery. The capacity of the HC EEPROM 302 may
be the same as or larger than that of application section 106 n the firnsvare 104 1o be
updated. The witernal cireuitry of frmware updating device 304 mav be designed so
that firnnware updating device 300 can be vsed on different charging device platforms,
without requiring bardware modification.

[0020] Before firmyware 104 mayv be updated, instructions to be stoved in application
section 104 of firmware 104 may be slored in HC BEPROM 302 on firnnvare
updating device 300, The instructions may be downloaded to firmware updating
device 300 from a computer to which firnyware updating device 300 is comnnected.
Even though charging device 100 may include multuple charging slots 110, firmware
104 may only be updated with the instructions stored i HC EEPROM 302 on
fismware updating device 300 when firmware apdating device 304 is inserted into an
updating and charging slot. When charging device 104 includes a single chargng slot,
the smgle slot is configured as both the updating and charging slot. Each updating
and charging slot, on a charging device with one or more slots 113, 15 also configured
to receive both a rechargeable battery that is to be charged by charging device 100
and firmware updating device 300

[0021] As noted previousiy, one or more slots 110 may be predefingd as the updating
and charging slote and firmyware 104 may only be opdated with the instructions stored
w1 HC EEPROM 302 when firmware updating device 300 is inserted into a predefined
updating and charging slot, for exanple. slot 110a. In an embodiment, where only
one slot (for example, slot 110a} is predefined as an updating and charging slot,

possible confusion that may occur when two different firmware updating devices 300
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are sumuttaneously inserted in two charging slots 110 on charging device 100 may be
chmimated. In an embodiment where two or more slofs 110 are predefined as the
updating and charging slots, a mechanism m firmware 104 mav be used to detarmine
which inserted fivmware updating device 304 showld be wsed to update finmware 164,
For example, the mechanism in firmvware 104 may use a priority associated with each
of the predefined updating and charging slots or a prionty associated with each
tserted firmware updating device 3080 to dentify a firmware updating device 300 that
ts to be used to update firmware 104

00221 When a device, for evample, a rechargeable batterv or firmware updating
device 300, 15 inserted into any charging slot 110, including any predefined updating
and charging slof{s), charging device 100 reads the battery data from the EEPROM on
the device. Responsive to charging device 100 successfully reading the battery data
from the inserted device, micro-controller 102 on charging device 100 performs the
battery charging functions by executing instructions stored in application section 106
of firmware 1. ¥ charging device 100 cannol succesafully read the battery data
from the EEPROM on the insarted device, it determines whather the device is inserted
mto any of the predefined updating and charging slots, for example, updating and
charging slot 11a, i the slot in which the device is inserted s determined to be an
updating and charging slot, charging device 100 may determine that the imserted
device is firmware updating device 300 by successfully reading a charging device
tvpe and/or firmyware versions from the identification bloek{s} in HC EEPROM 302 of
the inserted device. In an embodiment, charging device 100 may sdentify or validate
the charging device platform tvpe associated with firmyware updating device 300 when
firmware updating device 300 is inseried into the updating snd charging slot and an
appropriate electrical connection s formed between the updating and charging slot
and the firmvare updating device 300, Responsive 1o successtulby reading/validating
the charging device fvpe andfor lirmware versions stored 1 HC EEPROM 302 of the
inserted device, and validating the integrity of the data stored on the inserted device
through the use of the checksum, charging device 100 may begin a firmware updating

Process.
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{00231 Subsequent to beginning the firmware updating process, charging device 100
mav deternune the charging device type and/or firmware versions for the instructions
stored in HU EEPROM 302, If the charging device tvpa is received from HC
EEPROM 302 or determined based on the physical form of {irnwvare updating device
300, charging device 1) compares the determined charging device type with a
charging device type stored in firnvware 104, and if the types match, charging device
11 compares the firmware versions retrieved from HC EEPROM 302 with the
versions stored in firmware 104, I the fivmware versions retrieved from HC
EEPROM 302 is a later version than the version stored in firmware 104, charging
device 100 enters a bootloader mode (also referred to as the updating mode) and
apdates firmware 104 by exscuting bootioader instructions stored in bootloader
section 108, Accordingly, frmware 104 may only be updated 1f the frmware
versions stored on firmware updating deviee 300 1s newer than the existing firmware
varsions stored on charging device 100,

[0024] Responsive (o entering the bootloader mode, mformation stored in application
section 106 is erased. Data may be read from the HC EEPROM 302, one page at a
time, and written into application section 106, When all pages of application section
106 have been updated, the bootloader verifies the checksum of the new firmware,
exits from the bootloader mode, and provides an mdication 1o a user that the upload
was successful. The indication may be provided, for example, via a statas light-
enutting diode (LED) on charging device 1600, Simudardy, if the checksum cannot be
vertfied, for example, because the new firmware is corrupted or invalid, a notification
may be provided {0 the user via the status LED.  Each of a successfid and
unsuccessful status may be associated with a predefined bhinking pattem.

{0025 If the firmware update process is disturbed by, for example. removal of
GBrovware updating device 300 while the firmware update process 1s in progress,
charging device 10 may recover the firmware update process when firmware
updating device 300 is reinserted into the updating and charging stot. In this case,
there may be no firmware version comparison(s), but the charging devics tvpe
comparison may be used to ensure that the correct firmware is programmed on

firmware updating device 300, In the case where the charging device tvpe is
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corrapted and/or anavailable duning a firmware update recovery process, the fitmware
update recovery process may still proceed when fivmware updating device 30¢ with
the correct form factor 1s properly mnserted to the updating and charging slot {i.e.,
thare is an appropiate elecirical connaction bebween firmvware updating device 300
and the updating and charging slot)

[0026] The overall firnvware update process may oceur over a relatively short ime
period, for example, less than one minule. Various states of the firnvware update
process, for example, when the fiomware update i progress or completed, may be
shown using unique LED blinking patterns on a status LED. Manufactunng of
firmware updating device 300 therefore adds no additional costs to the manufacturing
of the charging device 100. In some embodiments, for easy identification, firnywvare
updating device 300 may be designed with colors that are different from the colors
used on standard recharpeable battertes and firmware updating device 300 may be
clearly {abeled with the firmware version stored on firmware updating device 304,
Firmmware updating device 300 may also be clearly labeled with the charging device
type that firmware updating device 300 is configured to charge  Accordingly, one or
morte firnware updating devices 300 may be sufficient to upgrade an installation base
with multiple charging devices. In addition, a single firmware updating device 360
mayv be shipped between mudtiple locations, a much easier and cost effective solution
than shipping a charging device to a service center to update the firmware on the
charging device or sending a specialized technician to a remote location to update the
firmware on a charging device.

{0027} In an embodiment, firmware apdates may be uploaded {o a support center that
cant be accessed via a computer network. A ternunal configured with necessary tools
{not shown)} and connected o the computer network may download the firmyware
updates and program firmware updating device 300 with newly downlnaded firmware
updates. This eliminates the need for recalling firmware updating device 300 when
new firmware updates becomes available.

{0028} The newly downloaded firmware updates may be encrypied in firmywvare
updating device 300 and may be decrvpted by the bootloader before the code 18 used

to update fnmware 104, After the bootloader instructions are programmed and stored
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i bootloader section 108, the bootloader instructions may be rendered unreadable.
The bootloader mstructions may also be unmodifiable. The bootloader instructions
may include the kev(s) for encrvption and decryplion schames {i.e., unreadabla
encry plion/decey ption kevs) so that information provided on finmware updating
device 300 can be properdy encrypted/decry pted and retneved by the bootloader.
[0029] FIG. 4 13 a fow diagram of a method of updating a charging device in
accordance with some embodiments. At 410, a nucro-controlier in a charging device
determines that an updating device is inserted m a charging slot on the charging
device. A1 420, responsive to the determuning, the micro-controller executes
instructions stored in a bootleader section (e, a second section) in a firmware on the
charging device, At 430, the micro-controlier switches to an updating mode. At 440,
wn the updating mode. the micro-controller updates instructions stored in an
apphcation section (Lo a first section) of the firmware, wherein the first section is
configured to store charging functions executed by the charging device.

[0030 In the foregoing specification, specific ernbodiments have bean deseribed.
However, one of ordinary skill in the art appreciates that various meodifications and
changes can be made without departing from the scope of the invention as set forth in
the claims below, Accordingly, the specification and figures are to be regarded in an
tlostrative rather than a restrictive sense, and all such modifications are intended to be
mcluded within the scope of present teachings.

{0031} The benefits, advantages, solutions Lo problems, and any element(s) that may
cause any benefit, advantage, or solution o oceur or become more pronounced are not
{0 be construad as a critical, required, or essential features or elements of any or alf

the claims. The invention 1s defined solely by the appended claims including any
amnendments made during the pendency of this application and all equivalents of those
claims as issued.

{00321 Morcover in this document, relational terms such as first and second, top and
hottom, and the ike may be used selely o distinguish one entity or action from
another entity or action without necessarly requiring or implying any actual such

relationship or order befween such entities or actions. The terms "comprises.”

RN

[}

"comprising,"

Rl

“has™, “having.” “ncludes™, “imncleding. ™ “containg™, “corfaiming™ or

10
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any other vanation thereof, are miended to cover a non-exclusive incluston, such that
a process, method, article, or apparatus that comprises, has, includes, contams a list of
elements does not inclde only those elements bt miay include other elements not
expressly listed or inherent 1o such process, method, arficle, or apparatus. An element
proceeded by “comprnises .. a”, “has . 2", “includes .. a”, “contains . a” does not,
without more constramis, preciude the existence of additional identical elements in
the process, niethod, aticle, or apparatus that comprises, has, mcludes, comtains the
element. The terms “a™ and “an™ are defined as one or more unless exphaitly stated
otherwise herein. The terms “substantially™, “essentially”, “approximately™, “about”™
or any other version thereof, are defined as being close 1o as understood by one of
ordinasry skill in the art, and in one non-lineting embodiment the lerm is defined to be
within 10%, in another embodiment within 5%, n another embodiment within 1%
and in another embodiment within 0.3%. The term “coupled™ as used herein is
defined as connected. although not necessarily directly and not necessanly
mechanically. A device or structure that 1s “conligwred” in a certain way s
configured in af least that way, but mav also be configured in wavs that ave pot listed.
100331 1t will be appreciated that some embodiments may be comprised of one or
more genaric or specialized processors {or “processing devicas™) such as
microprocessors, digital signal processors, customized processors and field
programumable gate arravs (FPGAs) and anique stored program mstructions (ncluding
both sofiware and firmware) that control the one or more processors {o implemertt,
comunction with certatn non-processor circuits, some, most, or all of the functions of
the method andfor apparatus desenibed herein. Alternatively, some or all funchions
could be implemented by a state machine that has no stored program: instructions, or
i one or more application specific integrated circuits (ASICs}, in winch each function
o1 some combinations of certain of the funciions are implemented as costom logic

Of course, a combination of the two approaches could be used.

{00341 Moreover, an embodiment can be ynplemented as a compuier-readable storage
medium having computer readable code stored thereon for programnung a computer
{e.g., comprising a processor) to perform a method as described and cdlanmed herein

Examples of such compuier-readable storage mediums nclude, but are not linnted 1o,

11
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a hard disk, a CD-ROM, an optical storage device, a magnetic storage device, a ROM
{Read Only Memorv), a PROM (Programmable Read Only Memorv), an EPROM
{Erasable Programmable Read Only Memorv). an EEPROM (Elecirically Erasable
Programmable Read Only Memory) and a Flash memory. Further, it 13 expeciad that
one of ordinary skill, notwithstanding possibly significant effort and many design
chotces motivated by, for example, avatlable tune, current technology, and economic
considerations, when guided by the concepts and prnciples disclosed herein will be
readily capable of generating such software instructions and programs and ICs with
minimal experimentation.

{0351 The Abstract of the Disclosure is provided to allow the reader to quickly
ascertain the nature of the techimcal disclosure. It 1s submitted with the understanding
that 1t will not be used fo interpret or Hmit the scope or meaning of the claims. In
addition, in the foregoing Detatted Description, it can be seen that vanous features are
grouped together in various embodiments for the purpose of sireamlining the
disclosure. This method of disclosare is noi fo be interpreted as reflecting an
mtentton that the claimed embodiments require more features than are expressly
recited in each claim. Rather, as the following claims reflect, inventive subject matter
fles in less than all features of a single disclosed embodiment. Thus the following
claims are hereby incorporated into the Detasled Deseription, with each claim

standing on its own as a separately claimed sabject matter.

12
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We claimy;

1. A charging device, comprising:
a firmware configured to execule and control charging functions and finmware
updating functions performed by the charging device. the irmware including:
a first section configured 1o store instructions associated with the
charging functions, and
a second section configured to store instructions associated with
updating the {irst section;
at least one charging siot for msestion of one of a rechargeable devics and an
updating device; and
a micro-contratier configured to execute mstructions stored on the firmyware,
wherein responsive to the updating device being inserted mio the at least one
charging slot, the charging device execntes nstructions stored in the second section to

enter an updating maode and update the firmware.

2. The charging device of claim 1, wherein in the updating mode the micro-
controller 15 configured o

vertfy the mtegrity of information stored on the updating device,

erase information stored in the f{irst section,

retrieve mformation from the epdating device,

write the information retrieved from the updating device 1o the first section,

and
verify the integrity of the information written 1o the first section.
3 The charging device of claun {, wheramn the at least one charging slof is one of

a plurality of slots i the charging device, and

13
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wherein responsive o the rechargeable device baing inserted mio the at least
one chavging slot, the charging device uses instruchons stored m the first sechion to
enter a charging mode and 10 charge the rechargeable device.
4. The charging device of claim 1, wherein the at least one charging slot 1s one of
a pluralitv of slots 1n the charging device and wherein responsive to one of the
rechargeable device and the updating device being mserted in one of a plurality of
slots, the charging device atlempts o retrieve data associated with the rechargeable
device to enter a charging mode, and

whereain if the data associated with rechargeable device cannot be read, the
charging device determines whether the updating device iz mserted m ong of a

plurahity of slots.

3. The charging device of claim 1, wherein s the updafing mode, the charging
device is configured 1o

retrieve at least one of a charging deviee type and a firnmvare version from g
non-volatile memory on the updating device,

compare the charging device tvpe with mformation stoved in the first section,
and if there 1s a match, compare the firmware version with mformation stored i the
first section;

if the firmware version is later than g version retrieved from the first section,
the charging device is configured to retrieve information from the updating device and

update the first sectton with information retneved from the updating device.

6. The charging device of claim 1, wherain at least one identification section in
the first section cludes at {east one of a unique type value for identifving a platform
on which the firmware 1s to operate, a version number associated with the firmware
and a checksum value,

wheremn the checksum value 1s a valoe calcudated dwring compilation of
mstractions stored in the fivst section and 1s used o vendy the integrity of the

firnnware.

14
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7. The chargmyg device of claim 1, wherein when the updating device 1s mserted
mto the at least one charging slot and an appropriate connection is formed between
the at least nne charging slot and the updating device, a platform on which the

firmware 1% o operate iy identified

8 The charging device of claim 1, wherein the updating device 1s identified
using a slave address associated with a non-volatile memory on the updating device.
9. A method, comprising:

determuning, by a nucvo-contvoller, that an updating device 1s nserted in at
feast one charging stot on a charging device;

responsive to the determining, by the micro-controller, executing instructions
stored 1 a second section 1 a fitmware on the charging davice;

switching, by the mucro-controller, to an updating mode; and

updating instructions stored m a first section of the frmware, whevein the first

section is configured 1o store charging instructions executed by a charging device.

10, The methed of claim 9, wherein the updating comprises:

verifying the imegrity of mformation stored on the updating device.

grasing information stored i the first section,

retrieving information from the updating device,

writing the information retnieved from the updating device to the first section,
and

varifving the mtegrity of the mformation wiitten (o the first section.

11, The method of claxm 9. Further comprising;

determining, by the micro-controller, that a rechargeable device is inserted
wio the at least one charging slot;

using, by the micro-controlier, instructions stored in the first section to enter a

charging mode and to charge the rechargeable device.
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12, The method of claim 9, further comprising:

deternuning, by the micro-controller, that one of a rechargeable device and
the updating device is inserted in one of a plurality of slots i the charging device,
whergin the at least one charging slot is one of a phuorality of slots in the charging
device:

attempting, by the micro-controller, to retrieve data associated with the
rechargeable device to execute instructions stored in the first section, and

wherein if the data associated wilh rechargeable device cannot be read,
determining, by the micro-controlier, that the updating device is inserted in the at least

one charging slot.

13, The method of claim 9, wherein the updating comprises:

retrieving, by the micro~controlier, at least one of a charging device type and a
firmware version from a pon-volatife memory on the updating device,

comparing, by the micro~controtler, the charging device tvpe with information
stored in the first section, and if there 15 a match, comparing the firmware version
with infornation stored in the [irst section;

if the firnnware version iy later than a version retrieved from the first section,
retrigving, by the micro-controller, nformation from the updating device and updating

the first section with information retrieved from the updating device.

4. The method of claim 9, wherein the updating comprises:

retrieving, by the micro-controller, a firmware version from a non-volatile
memory ot the updatng device,

comparing. by the mucro-coniroiler, the Grmware verston with information
stored in the first section:

if the firmware version s Iater than a version retrieved from the first section,
refrieving, by the micro-controller, information from the updaiing device and updating

the first section with imformation retrieved from the updating device.

16
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Lr

A system, comprising:
an updating device configured 1o store istructions to be used in updating a
firmware on a charging device; and
the charging device including:
the firmware configured to execute and control charging fonctions and
firnvware updating functions performed by the charging device, the lrmware
including a first section configured 1o store instractions associated with the
charging functions, and a second section configured to store mstructions
associated with updating the first section;
at least one charging slot for insertion of one of the updating device or
a rechargeable device; and
a micro~controller configured to execule mstructions stored on the
frmware,
wherein responsive to the updating device being inserted o the at least ong
charging slot, the charging device uses Instructions stored i the second section to

enter an updating mode and update the firmware,

17
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AMENDED CLAIMS
received by the International Bureau on 21 July 2015 (21.07.2015)

1. A charging device, comprising:
a firmware configured to execute and control charging functions and firmware updating
functions performed by the charging device, the firmware including:
a first section configured to store instructions associated with the charging
functions, and
a second section configured to store instructions associated with updating the first
section;
at least one charging slot for configured to selectively receive one of a rechargeable
device and an updating device, wherein the at least one charging slot is one of a
plurality of slots in the charging device and wherein responsive to one of the
rechargeable device and the updating device being inserted in one of a plurality of
slots, the charging device attempts to retrieve data associated with the rechargeable
device to enter a charging mode, and wherein if the data associated with rechargeable
device cannot be read, the charging device determines whether the updating device is
inserted in the at least one charging slot; and
a micro-controller configured to execute instructions stored on the firmware,
wherein responsive to the updating device being inserted into the at least one charging
slot, the charging device executes instructions stored in the second section to enter an

updating mode and update the firmware.

2. The charging device of claim 1, wherein in the updating mode the micro-controller is
configured to:

verify the integrity of information stored on the updating device,

erase information stored in the first section,

retrieve information from the updating device,

write the information retrieved from the updating device to the first section, and

verify the integrity of the information written to the first section.

18
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3. The charging device of claim 1, wherein responsive to the rechargeable device being
inserted into the at least one charging slot, the charging device uses instructions stored in the

first section to enter a charging mode and to charge the rechargeable device.

4. (canceled).

5. The charging device of claim 1, wherein in the updating mode, the charging device is

configured to:
retrieve at least one of a charging device type and a firmware version from a non-volatile
memory on the updating device,
compare the charging device type with information stored in the first section, and if there
is a match, compare the firmware version with information stored in the first section;
if the firmware version is later than a version retrieved from the first section, the charging
device is configured to retrieve information from the updating device and update the

first section with information retrieved from the updating device.

6. The charging device of claim 1, wherein at least one identification section in the first
section includes at least one of a unique type value for identifying a platform on which the
firmware is to operate, a version number associated with the firmware and a checksum value,

wherein the checksum value is a value calculated during compilation of instructions

stored in the first section and is used to verify the integrity of the firmware.

19
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7. The charging device of claim 1, wherein when the updating device is inserted into the
at least one charging slot and an appropriate connection is formed between the at least one
charging slot and the updating device, a platform on which the firmware is to operate is

1dentified.

8. The charging device of claim 1, wherein the updating device is identified using a

slave address associated with a non-volatile memory on the updating device.

20
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9. A method, comprising:

storing, in a first section of firmware, instructions associated with the charging functions;

storing, in a first section of firmware, instructions associated with updating the first
section;

determining, by a micro-controller, that an updating device is inserted in at least one
charging slot configured to selectively receive one of a rechargeable device and an
updating device in a charging device, wherein the at least one charging slot is one of a
plurality of slots in the charging device and wherein responsive to one of the
rechargeable device and the updating device being inserted in one of a plurality of
slots, the charging device attempting to retrieve data associated with the rechargeable
device to enter a charging mode, and wherein if the data associated with rechargeable
device cannot be read, the charging device determining whether the updating device is
inserted in the at least one charging slot;

responsive to the determining, by the micro-controller, executing instructions stored in
the second section in a firmware on the charging device;

switching, by the micro-controller, to an updating mode; and

updating instructions stored in the first section of the firmware, wherein the first section is

configured to store charging instructions executed by the charging device.

10. The method of claim 9, wherein the updating comprises:

verifying the integrity of information stored on the updating device.

erasing information stored in the first section,

retrieving information from the updating device,

writing the information retrieved from the updating device to the first section, and

verifying the integrity of the information written to the first section.

11. The method of claim 9, further comprising:

determining, by the micro-controller, that a rechargeable device is inserted into the at
least one charging slot;

using, by the micro-controller, instructions stored in the first section to enter a charging

mode and to charge the rechargeable device.
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12. (canceled).

13. The method of claim 9, wherein the updating comprises:

retrieving, by the micro-controller, at least one of a charging device type and a firmware
version from a non-volatile memory on the updating device,

comparing, by the micro-controller, the charging device type with information stored in
the first section, and if there is a match, comparing the firmware version with
information stored in the first section;

if the firmware version is later than a version retrieved from the first section, retrieving,
by the micro-controller, information from the updating device and updating the first

section with information retrieved from the updating device.

14. The method of claim 9, wherein the updating comprises:

retrieving, by the micro-controller, a firmware version from a non-volatile memory on the
updating device,

comparing, by the micro-controller, the firmware version with information stored in the
first section;

if the firmware version is later than a version retrieved from the first section, retrieving,
by the micro-controller, information from the updating device and updating the first

section with information retrieved from the updating device.
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15. A system, comprising:
an updating device configured to store instructions to be used in updating a firmware on a
charging device; and
the charging device including:
the firmware configured to execute and control charging functions and firmware
updating functions performed by the charging device, the firmware including
a first section configured to store instructions associated with the charging
functions, and a second section configured to store instructions associated
with updating the first section;
at least one charging slot configured to selectively receive one of the updating
device or a rechargeable device, wherein the at least one charging slot is one
of a plurality of slots in the charging device and wherein responsive to one of
the rechargeable device and the updating device being inserted in one of a
plurality of slots, the charging device attempts to retrieve data associated with
the rechargeable device to enter a charging mode, and wherein if the data
associated with rechargeable device cannot be read, the charging device
determines whether the updating device is inserted in the at least one charging
slot; and
a micro-controller configured to execute instructions stored on the firmware,
wherein responsive to the updating device being inserted into the at least one charging
slot, the charging device uses instructions stored in the second section to enter an

updating mode and update the firmware.
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