PORTABLE FUEL CELL SYSTEMS AND METHODS THEREFOR
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FiG. 1 illustrates an exploded view of a fuel cell system, as
constructed in accordance with at least one embodiment.
FI1G. 2 illustrates a cross-sectional view of a fuel cell system, such as
along line 2-2 of FIG. 1, as constructed in accordance with at
15 least one embodiment.
FIGS. 3A-3D  illustrate cross-sectional views of portions of a fuel cell
system, including one or more fuel cells and a fuel reservoir, as

constructed in accordance with various embodiments
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In this document, the terms “a” or “an” are used to include one or more than
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indicated. In addition, it is to be understood that the phraseology or terminology
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example shown, but as may vary, the power output connector 116 is attached to both

30  the current collector circuit 106 and the optional conditioning electronics section
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25  diaphragm, a regulator valve, and a seal member. In such an example, the
diaphragm and the regulator valve are movingly responsive to a pressure difference
between a first chamber pressure and a second chamber pressure.
In example shown, a fuel plenum 212 (FIG. 2) is created by positioning the
fuel cell layer 102 adjacent to af least one surface 150 of the fuel reservoir 104. A
30  perimeter of the fuel reservoir surface 150 adjacent the fuel cell layer 102 may be
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20 current collecting circuit 106, providing a contact therebetween. As shown, the
mechanical binding of the systemn cover 124 to the fuel reservoir 104 exerts a cover
pressure 204 on the current collecting circuit 106 toward the fuel cell layer 102 (i.e,,
in the opposite direction of foe! pressure 202), further providing efficient contact
between the components of fuel cell system 160.

25 There are many options for the fuel cell system 160. For instance, in certain
examples, the fiel plenum 212 includes a size less than about 1mm in width
{wherein the width is the distance substantially perpendicular to the fuel reservoir
104 and extending from the fuel reservoir 104 to the fuel cell layer 102), while in
other examples, the fuel plemum 212 includes a width greater than Imm. In cerfain

30  examples, the current collecting circuit 106 may be disposed underneath the fuel
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be integrated into an electricgl device. Further, the
fuel cell systemneed not rely on punps, valves or
heaters for its operation, saving precious energy and

el ectrical device vol une. It is to be
understood that the above description is intended to
be illustrative, and not restrictive. For exanple,

t he above-descri bed enbodi nents (and/or aspects 10
thereof) may be used in conbination with each ot her.
Many ot her enbodi nents will be apparent to those of
skill in the art upon review ng the above
description. The scope of the invention should,
therefore, be determined with reference to the
appended clains, along with the full scope of

equi valents to which such clains are entitled. In the
appended clainms, the terns "including" and "in which"
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not rely on pumps, valves or heaters for its operafion, saving precious energy and

electrical device volume.
It is to be understood that the above description is intended to be illustrative,
and not restrictive. For example, the above-described embodiments (and/or aspects
10 thereof) may be used in combination with each other. Many other embodiments
will be apparent to those of skill in the art upon reviewing the above desenption.
The scope of the invention should, therefore, be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims are
entitled, In the appended claims, the terms “including™ and “in which” are used as
15  the plain-English equivalents of the respective terms “comprising” and “wherein.”
Also, in the following claims, the terms “inciuding” and “comprising” are open-
ended, that is, a system, device, article, or process that includes elements in addition
to those listed after such a term in a claim are stil} deemed to fall within the scope of
that claim. Moreover, in the following claims, the terms “first,” “second,” and
20  “third,” efc. are used merely as labels, and are not intended io impose numerical
requirements on their objects.
The Abstract of the Disclosure is provided to comply with 37 C.F.R.
§1.72(b), requiring an abstract that will allow the reader to quickly ascertain the
nature of the technical disclosure. It is submitted with the understanding that it will
25 not be used to interpret or limit the scope or meaning of the claims. In addition, in

the foregoing Detailed Description, various features may be grouped together to
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AVENDED CLAI M5 received by the International Bureau
on 22 June 2007 (22.06.2007) |I.A fuel cell system
conprising: a fuel reservoir configured to store a

wo Hhohhgr ei n; a system cover att achabp@eidobzooeoze
one or nore portlons of the fuel reservoir; an
encl osed region forned by the attachnment of the fue
reservoir with the systemcover; and at |east one
f uel seeemlineghesfitstpae. | Thisyprthod atdisede ¥ aefitdhf, intggEld fuel
cell réfﬁ&lnF 6 {3EntRR Eralthe FHRMEd dhtB%iRASrel@de nfbre features than are

structurally arranged such that react ant plenumis

f or mEEPTISHY Bl gt S g 'E‘WE@RE%S 86."‘?'1"8}?5 PP peggfafertve

r es € lsddct matletmdiliclielas thao aiefeatfiret fa siple disddsed mblomsmnt
%lhus t{xchfellom c?a:msnep hee efb% ﬁnxérPArzﬁ m%) It}§ ]ﬁ{aﬁed%@ﬁﬁ(;

a portion or one b f reservolr or
the §WQb@hﬁ@mvﬁm¢ﬂgﬁﬂmTh@af%%?“@%@ﬂ“%?§ﬁen1of cl ai m
1, further conprising a current collecting circuit in
contact with the at | east one fuel cell, the current
collecting circuit configured to receive and
di stribute current generated by the at |east one fue

cell. 3. The fuel cell systemof claim2, wherein
the current collecting circuit is integral with the
at least one fuel cell. 4. The fuel cell system of

claim2, wherein the current collecting circuit is
configured to distribute the fuel cell generated
current to a portable electronic device.

14



5. The fuel cell systemof claim4, wherein the
portabl e el ectronic device includes a cellular phone,
a satellite phone, a |aptop conputer, a conputer

3,{;(2203?/8,;%80 a di splay, a personal audio or vi dF@r/CAzoowoooozsv
f medi cal device, a television, a

transmtter, a recei A‘MENDEIDQGILATMSdeV' ce,

cL eSS SHEH BuSuion 230 B AT 2007)

fuel cell systen1of any of clainms 1-5, further
cohpri sPrbel&el! systest CAMRIISNS) connecting the react ant

E"A;_r}:l Q%Q?eglgééévﬁﬁ%nﬁﬁﬁ@d Qkdre a fbPrAMENDED SHEET
a system cover attachable with one or more portions of the fuel reservoir;

an enclosed region formed by the attachment of the fuel reservoir with the system
cover; and _ ,

at least one fuel cell disposed in the enclosed region, each fuel cell including one or
more flexible walls structurally arranged such that a reactant plenum is formed in a
region between a portion of the fuel reservoir and at least one of the flexible walls;
wherein the one or more flexible walls are supported by a portion of one or both of

the fuel reservoir or the system cover.

2. The fuel cell system of claim 1, further comprising a current collecting
circuit in contact with the at least one fuel cell, the current collecting circuit

configured to receive and distribute current generated by the at least one fuel cell.

3. The fuel cell system of claim 2, wherein the current collecting circuit is

" integral with the at least one fuel cell.

4. The fuel cell system of claim 2, wherein the current collecting circuit is
configured to distribute the fuel cell generated current to a portable electronic

device.

5. The fuel cell system of claim 4, wherein the portable electronic device
includes a cellular phone, a satellite phone, a laptop computer, a computer
accessory, a display, a personal audio or video player, a medical device, a
television, a transmitter, a receiver, a lighting device, an electronic toy, or a power

tool.
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WO 2007/ 079580PCT/ CA2007/ 000029 7. The fuel cel

systemof claim®6, wherein a pressure regulator is

di sposed within the inlet. 8. The fuel cell system
Llaims 1-7, further conprising a pr [

S%P%@%mﬁés er di sposed adj acent the at | east g&gﬁ%ﬁéﬁmmmw

cell. 9. The fuel cell systemof any of clains 1-8,

wherein a reactant pressure urges the one or nore

f1 gxi bl enavabilcsll psah 88 aly e cEBP 015t FutBeP@iisBRE a8 finleiidly
or both of the fuel reservoir or the system cover.

1 0¢ormpeing s regegdntt plopemand Bre fag) jeservol] ai ns 1- 9,
wherein the attachnment of the system cover and the
fuel reservoir includes a weld, a solder, a braze, a
crinp, the use of an adhesive, or a nechanica
structure. 11. The fuel cell systemof any of clains
1-10, wherein the fuel reservoir conprises a
refueling port. 12. A nethod of fabricating a fue
cell system the nmethod conprising: formng a fue
reservoir configured to store fuel therein; formng a
system cover having one or nore air access ports;
coupling the systemcover with one or nore portions
of the fuel reservoir, including form ng an encl osed
regi on; and di sposing at |east one fuel cell in the
encl osed regi on, including arrangi ng one or nore
flexible fuel cell walls to format |east one
reactant plenumin a region between a portion of the
fuel reservoir and at |east one of the flexible fue
cell walls; wherein formng the fuel reservoir
and the system cover includes form ng a support for
the one or nore flexible fuel cell walls. 13. The
nmet hod of claim 12, further conprising contacting a
crent collecting circuit with the at | east one fue
cell.
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17 AMENDED SHEET (ARTICLE 19) WO

2007/ 079580PCT/ CA2007/ 000029 14. The rmnet hod of

claims 12 or 13, further conprising disposing a
protective porous nenber adjacent the at |east one
woebo7oriske 15, The net hod of any of clai ns PETAA2067/000029
wherein coupling the systemcover with the fue

r@ser vohe fiehctilgpsernel diang,s, Saleeten angsssle aggulgor is disposed
cri nmpi ng, .gluing, thermal adhesive, pressure

s&H8IR G Eledhesi ve, or one or nore mechanica

structures. 16. A fuel cell system conprising: at

| east one fuel cell including an anode, a cat hode,

afRd anTks bt pdl preni of enposdanshle? elyehsuesmpriaing weprotsetive
f . ri.al.. f I;f 1 ncluding at
|ﬁ%@?§%§%3§ﬁ¥#§%§a&%ﬁ?#?%ﬁggggaﬁggéﬁgag first portion
of the at |east one fuel cell, the fuel reservoir

[ r he fuel. or. the fuel r
¢ {1 ];Ir ?’gllrlee elt c%llssgzs(?tenel o% a:gy 0# Szun:% l—g, ““?heréill? a re“?atcz’%)arléjl eessure urges
the one or more flexible walls towards the supporting portions of one or both of the

fuel reservoir or the system cover.

10.  The fuel cell system of any of claims 1-9, wherein the attachment of the
system cover and the fuel i'eservoir includes a weld, a solder, a braze, a crimp, the

use of an adhesive, or a mechanical structure.

11.  The fuel cell system of any of claims 1-10, wherein the fuel reservoir

comprises a refueling port.

12. A method of fabricating a fuel cell system, the method comprising:
forming a fuel reservoir configured to store fuel therein;
forming a system cover having one or more air access ports;
* coupling the system cover with one or more portions of the fuel reservoir,
including forming an enclosed region; and
disposing at least one fiel cell in the enclosed region, inctuding arranging
~ one or more flexible fuel cell walls to form at least one reactant plenum in a region
between a portion of the fuel reservoir and at least one of the flexible fuel cell
walls;
wherein forming the fuel reservoir and the system cover includes forming a

support for the one or more flexible fuel cell walls.

13.  The method of claim 12, finther comprising contacting a current collecting

circurt with the at least one fuel cell.

17
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a current collecting circuit in contact with a second
portion of the at |east one fuel cell, the current
collecting circuit configured to.-receive and
Wi 0H7B0 e power generated by the fuel cel | :PCHA2807/000029
fuel plenuminterposed between the at |east one fue
reservoir surface and the first portion of the at

| east .one fu cel | stem of .

i o mife, TRBPLREetg peer o i Er P e AR B CR e
t he seocondngubertadiatenothe sthestabe fudadt one fuel cel
against a portion of the current collecting circuit.
18. The fuel cell systemof clainms 16 or 17, wherein
the fukl phhemehed of 2py oficlaims 1 2g 4rwhicrsin| cpupbing thotysiere dovigywith

seal ﬁﬁmefemtol}@ncﬁﬁéd welBAED S deRELOMh A NS indirdE dglunga%\eﬁﬁn

the at | east one fuel reservoir surface an first

port i 8Hesye. ?‘ﬁé"f‘at‘eni“%‘é"s"‘@h"é'ﬁ% OF Q& oT Y echgrcal sppiures.
2007/079580PCT/CA2007/000029 19. The fuel cel

systquof @é 3& | ai s 16-18, wherein the at | east
one fU&l Fot? ?ﬁ?ﬁ%gggand the first portion of

t he at | easltasome ffelig! iwbiding ar odoupklode, arglian glecinlyte
adhes;nye?po ebg;@gefuel cell system of any of clains
16- 19 er_conprising a protective porous nenber
p03|t|oneéﬁ&ﬁWéﬁéﬁPm@ﬂ@ﬁﬁﬂlleast one fuel cell. 21.

The fuel Gelel reSholireRB1IRingd¥asine SlrRidPosiddhedfjacdntls filer

conmpri sin stem
P porhon%f the at%east one fuel cell, the fuel reservoir configured to store the fuel or

the fuel storage material;

a current collecting circuit in contact with a second portion of the at least one
fuel cell, the current collecting circuit configured to receive and distribute power
generated by the fuel cell; and

a fuel plenum interposed between the at least one fuel reservoir surface and

the first portion of the at least one fuel cell.

17.  The fuel cell system of claim 16, wherein a pressure in the fuel plenum urges
the second portion of the at least one fuel cell against a portion of the current

collecting circuit,

18.  The fuel cell system of claims 16 or 17, wherein the fuel plenum is at least
partially surrounded by a seal member, the seal member providing a seal between
the at least one fuel reservoir surface and the first portion of the at least one fuel

cell.
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cover including at |east one air access port, the
system cover attachable to one or nore portions of
the fuel reservoir. 22. The fuel cell system of

cl ai Wherein a connection between the sy
‘%géywéﬁ%&?he fuel reservoir includes a weld, %g%%kmmwmmam
nor e

ol a cri an .adhesi or .one

recian; 2he Nl Felt o o R Rty el a\é}ereugﬁwéﬁ?aéff one fuel
Cl gbddvdi suMh@r8HNhd BLt ﬁdﬁ&ﬂem 1610 ¥Elead) OHS ARl CdIAre bodfRELusing
of the protective porous nenber, the current

coﬁpéé@$ﬁ@ circuit, the at Ieast one fuel cell, the

fuel plenum or a portion of the fuel reservoir. 24.

The fuel cell systemof claim?2l, wherein the system

‘ C O\ZGI C@hqaﬁjelseéi syttemlof amy uﬁ('clﬂium 16619, frrthegtanplsagta motective

he fu cl ai -24, wherein
el PR se e Re SR SR i o ed ¢ o
di stribute the power generated by the at |east one

fuel cell to a portable el ectronic device. 26. The
fuél- cele Sykednpwstent phpt ohbclaimeelte?h farker compesipg a system

o LA T o SO R SR PERRL A RERR g0 one or

more portions of the fuel reservoir.

22.  The fuel cell system of claim 21, wherein a connection between the system
cover and the fizel reservoir includes a weld, a solder, a braze, a crimp, an adhesive,

or one or more mechanical structures.
23.  The fuel cell system of claim 21, wherein the system cover houses one or
more of the protective porous member, the current collecting circuit, the at least one

fuel cell, the fuel plenum, or a portion of the fuel reservoir.

24.  The fuel cell system of claim 21, wherein the system cover comprises stecl,

aluminum, or a rigid plastic.
25.  The fue] cell system of any claims 16-24, wherein the current collecting
circuit is configured to distribute the power generated by the at least one fuel cell to

a portable electronic device.

26.  The fuel cell system of claim 25, wherein the current collecting circuit

comprises a connection member attachable with the portable electronic device.
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WD 2007/ 079580PCT/ CA2007/ 000029 27. The fuel cell
system of any of clainms 16-26, further conprising an
el ectronic conditioning circuit; and wherein

he current collecting circuit is configured
3W§9Wﬁ@6?§)the power generated by the at Ieas%ggﬁgmwmmmng.

fuel cell to the electronic conditioning circuit. 28.

The fuel cell systemof claim27, wherein the

el @&t r ofthefiebewtli dystomi afgug of duinis 165260 ifisfhes ednprivings anpélektronic
of the fuel .reservoir. 29. The fuel cell system of

any® UQW%ﬁQﬁQMiéWéS, further conprising a

suppl enphéah R eh@dht RalldcaRY cirdlitis confABEER tNdiktiBute the power
suppl enent al energy battery is disposed, at least in

pagenergted iyrhe gtdpast ne fuplecel (the cleseemjopenditgping Hifsuit-ye

cell systemof any of clains 16-29, wherein the fue
conpri ses hydrogen. 31. The fuel cell system of any

of 2&l ai T fb€él-BD systheoéichin Bé, wheetn gte@lafeniorbedifialing circuit
co .is%%.a h¥gr%§$n épora e material. 32. The fuel
cel I FE P P G ST REr ei n t he hydrogen storage
mat eri al stores hydrogen by physiosnption. 33. The

fuel cell system of claim 31, wherein the hydrogen . .

st dt-agel itat® i Bl syHvesohyy cferalyF dhdf Juthest Fapprising a
3ﬁmg>ﬂﬁxﬁﬁf&m&%ﬁ%ﬁ&b?&uﬁny of clainms 16-33, wherein

t he [

uel storage material conprises a nmetal hydride.
35. Twkeréindhe wpplemsyil enargyf baiieyy Sfdisppsidnatli6asga part, in the

mh&ﬁghpﬁ%ggﬂgggkoﬁeservoir includes a first cellular
component “interconnected with at | east a second

cellular 20
30.  The fuel cell system of any of claims 16-29, wherein the fuel comprises

hydrogen.

31.  The fuel cell system of any of claims 16-30, wherein the fuel storage

matenal comprises a hydrogen storage material.

32.  The fuel cell system of claim 31, wherein the hydrogen storage material
stores hydfo gen by physiosorption.

33.  The fuel cell system of claim 31, wherein the hydrogen storage material

stores hydrogen by chemiosorption.

34.  The fuel system of any of claims 16-33, wherein the fuel storage

material comprises a metal hydride.

35.  The fuel cell system of any of claim 16-34, wherein the fue] reservoir

Includes a first celiular component interconnected with at least a second cellular
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AMENDED SHEET (ARTI CLE 19) conponent, the

i nterconnected cellular conponents arranged to
substantially fill an allotted space. 36. The fue

cel | stem of claim 35, wherein the aIIotted

V0 FQ%'&{ 8% in a portion of a cell phone, %2%%07/000029
digital assistant, a laptop conputer, a d|g|tal

camera, a gane device a portable television, or a

f1 ashligRbonerd /the m@eorfnueéd BB coRhBNaRing @Y s@gtarﬁlla@ #TPan
16-36, wherein the fuel reservoir conprises a

struct WiefledRars or and an outer enclosure wal |
confornably coupled to the structural filler. 38. The
fuel c st.e of. clai .16-37, wherein the
el ST R R e SR

r egul atportiowef ageli gifonke b pagyngd digita! a@BtantThleptépreinpgel 4 digital
SYS! eMfherfBartl ackibh Bl te?»e%,smmﬁg fisflighire  uel
reservoir and the at Feast one fuel cell conprise a
conbi ned vol une of about 25 cubic centlneters or

| ess. 40. e el shflidof syl eEMRfi6- .amy/heém q]L:, memssmmr

16- 39, wherein the 31 | e st one fuel @

conf i gGPRRISES Sy &l enf gy Fe REEE 8 f?*?f%fa‘ﬁb‘bawfd he
about Hrdddutd fisr. nore and a peak power of about 3

Watts or nore. 41. The fuel cell system of any of
claims 16-40, wherein a system energy density

conpri 8&s dihe fuel Bt eysipwmtof atyodiplaimb il §-&% wheggn thafel rederveie| |
syst emqpraiofl 2 Boh Qfat ﬁ&k&e Q?lyl‘ﬁér’or i Rﬁ:elﬁhé%x% m

conpri si ng: assenbly, including at

| east one fuel ceII |nclud|ng an anode on a first

S Iu rf acee? a maﬁewéesﬁ&gaf ﬁ@@)ﬂgﬁims G- iww&rexﬁmd fudlteservoir and
el ectrolyte inter ed there C

por ous&)‘rr% 58 °an§’§ i 1 Gne Senaecamr]rl th eVO QE? s%’écocﬁrd'mﬁm
sur f acerless.

40,  The fuel cell system of any of claims 16-39, wherein the at least one fuel cell
is configured to generate an average electrical power of about 1 Watt or more and a

peak power of about 3 Walts or more.

41.  The fuel cell system of any of claims 16-40, wherein a system energy
density comprises about 500 Watt-hours/liter.

42. A fuel cell system providing portable power, the system comprising:

a fuel cell assembly, including at least one fuel cell including an anode on a
first surface, a cathode on a second surface, and an electrolyte interposed
therebetween; '

a protective porous member positioned near the fuel cell second surface;
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a current collecting circuit configured to receive
and distribute power generated by the at |east one
fuel cell; a hydrogen reservoir including a

surface 905|t|oned adj acent the fuel cell first
P PULEhe hydr ogen reservoir configured t &Y gR07/000029

hydr ogen f uel ; a fuel plenuminterposed between
t he hydrogen reservoir and the fuel cell first

surface; angeurment col@ecﬁdg&trﬁm c6riRgBred fo A&k nh Bis@ibusk ﬁﬁél:

one air_acce stem cover sized and
shaped‘?ﬁmwgiggp %”%Wwﬁﬁf of the protective porous
nerber, t healpdfogenesesoir neloding a Diflice Pésitionddigjadht theRE kel

one fu q:Jrst glgl'atl:e’ th& lﬂ}(dn]; glér? ll'esep\.l'olerrg:cl)'lnq:]éurec\r 0§ atplggxyérlfﬁ%g Ejg r teh Ie n

hydr ogen resefvo

t he pIenun1%mdthwnv@ﬂmgéhawaméwhwﬁa380$ewmng¢mcmdcdl
cont actgpalmeenqdt he at |east one fuel cell and the
current collecting circuit. 43. The fuel cell system
of cl ai m 42 YR FYEH e Al IFsine 2iEarestrort hesyetem conet sized
di st ri labdsBspel l’d&xoﬁ@\bﬁd’or%&&ffﬂﬁe %te&webmxs&tmdb&a@& cu?r@ﬁ

fuel cel to a.p b e e ni_c, devi ce.

met hod °%’4‘ AT &f‘“ 0“%%* 05'53315 f‘f"bgff‘“&’e?rla Payray %fﬁ’?et he
nethodhﬁbm$mwsvﬂg forn1ng a fuel cel

coupling a urh%ln Afﬁﬁ §rre$§glje fn tK\é IQJU.I? aﬁci d C%Eer%%ra o gre(s)sfuretupg%

fuel cell, incl
t her ebeeiiidstvoRr et diar gnasuel gelkand the eléﬂehf@e]ﬂqcm cgfuitcui t
adj acent a second portion of the fuel cel

dISpOSI g cover. having at | east one_ain _
_access‘%ort%%%%rcel ﬂ@mBPfﬂﬂP§26&aFW@m fpflecting circuit
col | ecdistrigtes e porivtr, geiteheed by e aniedsd one fikl call RQMbHBR eREtronic
the fugl; reservoir, including positioning the at

| east one air access port near the second portion of
the fuel cell; and

44. A method of fabricating a portable fuel cell system, the method comprising;

forming a fuel cell;

coupling a fuel reservoir with a first portion of the fuel cell, including
forming a fuel plenum therebetween;

disposing a current collecting circuit adjacent a second portion of the fuel
cell;

disposing a system cover having at least one air access port over one or more
of the current collecting circuit, the fuel cell, or a portion of the fuel reservoir,
including positioning the at least one air access port near the second portion of the
fuel cell; and

coupling the system cover with the fuel reservoir.
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coupling the systemcover with the fuel reservoir

45. The nmet hod of claim44, wherein coupling the fue
reservoir with the first portion of the fuel  cel

i ncl udes using an adhesi ve. 46_The nethod of clains

MO SPTYESYherei n coupl i ng the system cover with-4ily/00002
fuel reservoir includes welding, soldering, brazing,
crinping, gluing, thermal adhesive, pressure

sensi ti4fe alhesdhod of Qfim@neviafeintdlifingRE falntse@bir with the first

Struct ugesy of die el LBEinMEL0 06, Of, 2810Y,Of ¢l ai s 44- 46,
further conprising dlsp03|n§ a’seal” menber between

the fuel reservoir and the first portion of the fue

cell.  48. Fhendmhbeghial 4@&!5,%&&1%&5@4&%%%% %o%rtuﬁﬁ%ﬁhe

conprising di sposing a _protective porous f

bet weerfug! Freerir ipdudes weldiee. snidering bugdng. Fépningagluing, phermal
second z@Kusilve, ressife sbrdigivd 44@4sive &r bae or ke mERIRNIBR ttheEre
any of clains 44-48, further conprising electrically
coupling the current collecting circuit with a

port abl4@. el Betrrethad of adeafi obadms 44518, fuiieecomptifiqispbsirgayteadf

C ai M5 i Qern kUl HOGE SOURE b G FhEERTF BRRL Ve

coupling the current collecting cifcu
electronic conditioning circuit.

48.  The method of any of claims 44-47, further comprising disposing a
protective porous member between the at least one air access port and the second

portion of the fuel cell.

49.  The method of any of claims 44-48, further comprising clectrically coupling

the current collecting circuit with a portable electronic device.

50.  The method of any of claims 44-49, further comprising clectrically coupling

the current collecting circuit with an electronic conditioning circuit.,
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