WO 2009/039654PCT/CA2008/001 711 FUEL CELL COVER 5BACKGROUND
100011Electrochemical cells, such as fuel cells, may utilize oxygen from the environment as a
reactant. While generating electricity, the electrochemical reaction that occurs in the cell also produces
water that mEPBEYHEEEL to other electrochemical cell uses, such as mébiak@idtation or to the
humidification of various parts of the tosystem. The increased functionality of fuel cells for powering
electronic devices now introduces the fuel cells to various environmental conditions that may affect
gas transport properties of the reactants and the water management system. 100021Fuel cells may
require that the gas diffusion layer or the interface between at least part of the cathode and the
environment be electrically conductive for 15proper cell functionality. Because the interface may be
electrically conductive, the suitability oFME%@&@@VWying environmental conditions may be
limited. BRIEF DESCRIPTION OF THE DRAWINGS 100031In the drawings, which are not necessarily
drawn to scale, like numerals 20may describe substantially similar components throughout the several
views. Like numerals having different lettS YRR g) represent different instances of substantially
similar confp@lignts. Th&ldcanihgaidiistitesgeney dilyl, deyisvappheianpigdaudtsratin way of limitation,

various embodimants discussad i present dosument 2510004161, 1 Iusliales a perspective

view of a fiél cell cover with feature ,
that occurs in the cell also produces water that may be directed to other electrochemical
cell uses, such as membrane hydration or to the humidification of various parts of the
10 system. The increased functionality of fuel cells for powering electronic devices now
introduces the fuel cells to various environmental conditions that may affect gas
transport properties of the reactants and the water management system.
[8602] Fuel cells may require that the gas diffusion layer or the interface
between at least part of the cathode and the environment be electrically conductive for
15 proper cell functionality. Because the interface may be electrically conductive, the

suitability of the interface for varying environmental conditions may be limited.

BRIEF DESCRIPTION OF THE DRAWINGS
[6003] In the drawings, which are not necessarily drawn to scale, like numerals
20 may describe substantially similar components throughout the several views. Like
numerals having different letter suffixes may represent different instances of
substantially similar components, The drawings illustrate generally, by way of
example, but not by way of limitation, various embodiments discussed in the present
document,
25 [0004] FIG. 1 tllustrates a perspective view of a fuel cell cover with features,
according to the various embodiments.
[0005] FIG. 2 illustrates a perspective view of a fuel cell cover including a
removable access plate, according to the various embodiments.
[0006] F1G. 3 illustrates a perspective view of an electronic device including a
30 fuel cell cover, according to the various embodiments.
[06007] FIG. 4 illustrates a perspective view of an electronic device including a

cover substantially flush with the device, according to the various embodiments.



according to the various embodiments. 100051FIG. 2 illustrates a perspective view of a fuel cell cover
including a removable access plate, according to the various embodiments. 100061FIG. 3 illustrates a
perspective view of an electronic device including a 30fuel cell cover, according to the various
embodiments. [00071FIG. 4 illustrates a perspective view of an electronic device including a cover

substantiaffyoigph with thecdevingsaaeowiieeirdhevdsnus envlocimeiotacviod0s{k KFublillustrates a
perspective view of an electronic device with a fuel cell cover including.a remcgvv%ble access plate,

according #6ltieveiBtladRg bR GBRRTHIE S HERIERES AN YAISUE LTBN B E%e lectronic

device sysjgggopccordingitp HaIVAHALS reRpritegNiewSHMVARIY IR0 LR} Tbesyaiays embodiments
relate to a fuel cell cover comprising an interface structure proximate to one or more fuel cells. The

interface sttrergiaMtabsTEEOYs SBPABREMAvironmental conditions near or in contact with the one or
more fuel cells. [0011]The various embodiments relate to a fuel cell cover comprising an interface
structure proximate-to one or more fuel cells, wherein the cover may include one or more features to
enhance the perfoimance of the one or moreTud ¥R Ih a selected set of one or more environmental

conditions,{@QaIThe variQus smRadimsnis dsapiate e Aduglicelwawhanispgsing a

interface structure proximate to one or more fuel cells. The interface structure may
affect one or more environmental conditions near or in contact with the one or more
fuel cells.

[0011] The various embodiments relate to a fuel cell cover comprising an
interface structure proximate to one or more fuel cells, wherein the cover may include
one or more features to enhance the performance of the one or more fuel cellsin a
selected set of one or more environmental conditions.

[0012] The various embodiments also relate to a fuel cell cover comprising a
cover in contact with one or more fuel cells. The cover may include one or more
features that respond to a change in to one or more environmental conditions near or in
contact with the one or more fuel cells in order to enhance the performance of the fuel
cells.

[0013] The various embodiments may also relate to an electronic system
comprising an electronic device, one or more fuel cells in contact with the electronic
device and an adaptive interface structure. The cover may affect one or more
environmental conditions near or in contact with the one or more fuel cells.

[0014] The various embodiments may relate to a method of making an
electronic system comprising forming an electronic device, forming one or more fuel
cells in contact with the electronic device, forming an interface structure, contacting the
one or more fuel cells with thelel ectronic device and contacting the cover with one or
more of the fuel cells or electronic device. |

[0014a] According to the first aspect of the invention, there is provided a fuel
cell system compﬁsing: at least one flexible fuel cell layer; and a fuel cell cover that
includes an interface structure disposed proximate to the at least one flexible fuel cell
layer, wherein the at least one flexible fuel cell Jayer includes two or more fuel cells
substantially integrated within a two dimensional layer and a substrate coupled to the
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cover in contact with one or more fuel cells. The cover may include one or more features that respond
to a change in to one or more environmental conditions near or in contact with the one or more fuel
cells in order to enhance the performance of the fuel cells. [0013]The various embodiments may also
relate to an electronic system comprising an electronic device, one or more fuel cells in contact with
the electrarie dryiseians ayadaptivennteriaca siosedureidhbeatoven tayudffeetomsl thamore
environmental conditjons pear or in contact with the.one or more. fuel gells, [Q0141T rious
embodiméiftg WEW@%H@%@%@?ﬁoﬁ%@%ﬁﬁéﬂtﬁ%‘%ac%%%rsvsstg%%c%urﬁ%&%fnag}%?r%i%% an electronic
device, forging@nedrdnaienfuieleelisdnomatdatandtty the siéetsonie dedice]lfaipeing an interface
structure, contacting the one or more_ fuel gg{{l}l}s with thi Iectroni{c ge%ﬂcee zilndrg%r&tg(f%qg A he cover with
one or mote e fuel CHROET BRI BRRCHRRAEPRID DAL R ELHTIING O the Tirat aspact of the invention,
there is prevideska-feshaaissystemicempidngr abigdst ane flexible fusdloctlliygerpaacta fuel cell cover
that includes an interface structure disppsed proximate to the.at least one flexible fuel cell layer,
wherein th@%f%&%ﬂ@yﬁé%i@ E%?‘&gfﬁa%%)fﬂ%ﬁa%}st%a ogg%lrlﬁ:gra - gg¥§§|g%gggft‘gﬁﬁa||y integrated
within a twg,dipensienallavanaeensybsitaiewupledietie dwoditerfsdnalllaybemid forming an
enclosed region between the substrate and the two dimension?l I%%e[é rllgs %/Ivlh(easre(i)n ég%ointerface
structure iSNSAHHRGRS RS SRS A EHSHER QST BT e O R B AT The &t feast one fuel

cell layer. :RRdAbikAGCardinginethel sendiidmspectotiipdiédveptian, there is provided a fuel cell cover,
comprising@an interface layer coupled to, a flexible @ﬁégcell Ia?(ter,nw grréeirS} t?gvgﬁte%rgace layer includes
an adaptivil?Hd8rial that FERRBRRE S MFRT LTRSS R BHHGHH fio

guredto a oxygen to pass through
the cover tg saptagtbpeleglkhwberpintheadaptivel malayiskis canfipristg tpraltatiaghimension of the

apertures in response to_a change in an environmental condition qr to an.applied signal.
[0014c]Acdbbi %%H?éf%ﬁ%‘df@”f%—%?eﬁ’ﬁmrﬁé?g ?g‘&gr(%é{? éaé%allﬁg&{g %%ptimizing the
performanecg@fafueh ceheysiamml tesrRidiagupsouidiogpllexidibefislec b dayemthgtamcludes_two or
more fuel cells substantially integrated within a tvf\(o dijnen§i0n§I layer and a sgp%%%qgo%pled to the
layer and f%ﬁ@rﬁﬁe&ﬁ%%éﬁf’%ef’ SBRHRIE AR RS BT A RIS TR PP ARG S B &itianing an
interface layekprexdmaisdauthedueksel yayesinhereirihedigtoneadayasissespoisiverteat least two
environmental condition proximate to the fuel cell layer. QETAILED DESCRIPTION [0015]The
following d%?éf?l’é’é“’ﬁ@%@ﬂiﬁﬁ&ﬂlFﬁ&R%@%@r%@fs g&ﬁ‘é@%@%’fﬁpanying drawings, which form a part of
the detailed description. The drawings show, by way of illustration, various embodiments that may be
practiced. These embodiments, which m E%é%fé%ﬁn as "examples," are described in
enough detail to enable those skilled ﬁ%ieé[\ %Eé i eémbodiments. The embodiments may be
combined, @iresiembodimgnisiBamael siiiieddisesitisiuraiudeshieticatehanges may be made without

departing f;%?oglgaggl%%ed%\mrezg\é,a{égy& ?(r)nrrgoag }ljrgg rg}sfhe detailed description. The drawings

show, by way of illustration, various embodiments that may be practiced. These
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5The following detailed description is, therefore, not to be taken in a limiting sense, and the scope of
the various embodiments is defined by the appended claims and their equivalents. [0016]In this
document, the terms "a" or "an" are used to include one or more than one and the term "or" is used to
refer to a nonexclusive "or" unless otherwise 10indicated. In addition, it is understood that the

phraseology or terminolo mployed herein, and not otherwise defined, is for rpose of
description‘%%?/ A nﬁ%t@%l?%ﬂgﬁié{?fﬁ 171 tt'loe?{%?llguass em glﬁr%sén%ergfastcel%%fh%ﬁ%% cover.
Performandetaf fuehaslesyistendsliativdingapassivecfivelthe bsystdimsninay loecaffectentbis

environmental 15conditions, such as humidity, ambient temperature, ambient pressure, or other
environme?ﬂgyi)gr‘f&ﬁ%l HE hogk?‘are? 2’ %%&%%H%Ypéar c}%ir%ng'%grgb?g%%ar?’aﬁévﬁeggrcgz of a fuel cell, as
well as subgiangialiy allef theléuelthellsdaparstackonr iheastopbcdltiayaridhe ambotintsntsay be

approximately evenly distribyted.across each active area and each cell uniformly. Fuel cells may utilize
some Porm%%g%’ﬁ%l?f}éﬂgiéﬁtﬁe%rdféﬁ?)ﬁ Tatis %%ﬁglmteéj toea%%ﬁlel\}g %:Tillén Chgfggeer]n" FLLJ?é cglls maill
employ a "Hipatampplafelovaisepanataithpiatei thitteflinastlowpfieldsdalaichinathistpurpose. Due to the
design of most fuel cell systems, the GDL and the bipolar plate (if employed) may be electrically
conductiveﬁﬂué\{égpf% collect the electrons generated in the fuel cell reaction. Consequently, this may
limit the mgtarials that mhythis dsedhitenfalivicaters ‘@Dir itesliche2badtehedldOmee suitable material is a

follit of carbf%)n fibera%%p%ﬁr, which is confi L{tred 0 be porous Flnd electric Qéscﬁc’)ﬁg%}%e' [0018]In a fuel

: 1 On eterm “or 15 used to refer (o a npnexXclusive ot .
cell architeStirE W& 4 genera?ed edffentis collected on the ecfge of the cell, (instead of into a GDL

and into aniedisarihted sddigatcaisyingerstructtine) flavpiptaioiiyzard tatevclodomeabitiyyvirdfuel cell
covrsmay e ehE, e sranle, e eled SbebE ML aghp chana
membraneliadiiegiude a layer having a unitary construction, or may include a composite layer
[0017] The various embodiments relate to a fuel cell cover. Performance of
fuel cell systems, including passive fuel cell systems, may be affected by environmental
15  conditions, such as humidity, ambient temperature, ambient pressure, or other
environmental conditions. In order to get suitable performance out of an active area of
a fuel cell, as well as substantially all of the fuel cells in a stack, or in a fuel cell layer,
the reactants may be approximately evenly distributed across each active area and each
cell uniformly. Fuel cells may utilize some form of gas diffusion layer (GDL) that is
20 configured to achieve this. Larger fuel cells may employ a “bipolar plate” or a
“separator” plate that defines flow fields to aid in this purpose. Due to the design of
most fuel cell systems, the GDL and the bipolar plate (if employed) may be electrically
conductive in order to collect the electrons generated in the fuel cell reaction.
Consequently, this may limit the materials that may be used to fabricate a GDL in such
25 afuel cell. One suitable material is a form of carbon fiber paper, which is configured
to be porous and electrically conductive.

[6018] In a fuel cell architecture where a generated current is collected on the

edge of the cell, (instead of into a GDL and into an associated current-carrying

30



5made up of more than one material. The ion exchange membrane may include, for example, a proton
exchange membrane. Electrochemical cells according to the various embodiments may include a thin
layer fuel cell structure where an electrical current-carrying structure at least in part underlies an
electrochemt8178¥ei¥ 4ayer (referred to herein as a "catalyst layer”). The VSf3Ue embodiments may
permit construction of an toelectrochemical cell layer having a plurality of individual unit cells formed
on a sheet of an ion exchange membrane material. Adjacent unit fuel cells may be connected in
parallel bystitbiergreviginbilityreedtidarshimgestilsiireBiechethrecomnasvee Birngdjabent unit cells, or by

e'ec”ica"ye@gﬁg%g?%ﬁﬁge?%@'8%3‘?%{Méﬂﬂéﬁb&f%éﬁé}%ﬁ%ﬁ%@ﬁ&%&ﬁﬁ%ﬁﬁ@%ﬂt cells may also be

electrically Is ne another, in which 15case they may be connected in series. Electrical

isolation oftuplitcseIFkreical Feacking BeTRispried By crshdiling BB IABRS GraseARsRBrasS er

non-condugkipe, elestraaiyn B makingd-satalvsidayerHisrentiouaes thilpaadippe-between unit cells
and/or by providing electrically insulatinkgl b@rrlers between the unit cell strticgjr%s. In this case it is
possible t@ERAIRIRAID ARG BAEInlgdRY %CMQ’QW&W@%MQ HaR5ardliel 20arrangements.

Vias may beaugsél ipivterasrheciadaskbnhenieeiiscinsiridsclls teeovdingus betbodinsents, unit cells
may be conngcted in series, and adjacent catalyst,layers of the serie n ells may be
g?éﬂgg%%}ﬁagﬁgc?uge l‘i‘ll %Bﬁf'gfa ceﬁl E’XLIC Ure wiere an e%e%?r:&?%%%rﬁ

electricallye@ another. ecause the current carrying structures in such fuel cells
are locatedaatiting edpesoithadusl etlsndidranfudbcedckeraics hmear intizey rasadifigditn layers (GDL)

25that may o6 % £IRGHIAl% FanAUERY . TS LrAMR MY AllPNL IR UsR-al Gl Ghanaeable or

adaptive covers, In accordance w e various embodiments, that may include materials and

configaratignemobaticierblfrasionte e pbeati® of irbtishal b boesnet e thekk various
embodimegig.mayal§a Qe Wigsdde ﬁﬁ&\f@lﬂti%@c@%ﬁﬁlIﬁswiéel@%,}%b@%@qf@a@mto enhance the

fuel cell performance in varyingﬁOenvironmenta conditions. [00201The covers according to the
t

various enBEAIEh Br & heaPRIACHS F IS e A A SEFEHE SR h AR S E L Sh e P #S Phthodes of the
fuel cell. Theinpaterialvsieiciicalianstatoanpinysicatpropaitiosalineucaver atiayeatfect the performance

of the 4 cells. Adjacent unit cells may also be electrically isolated from one another, in which
15 case they may be connected in series. Electrical isolation of unit cell structures may be

provided by rendering portions of a catalyst layer non-conducting electrically, by
making a catalyst layer discontinuous in its portions between unit cells and/or by
providing electrically insulating barriers between the unit cell structures. In this case it
is possible to electrically interconnect the unit cells in arrangements other than parallel

20  arrangements. Vias may be used to interconnect adjacent unit cells in series. In the
various embodiments, unit cells may be connected in series, and adjacent catalyst layers
of the series connected cells may be electrically isolated from one another.
{6019} Because the current carrying structures in such fuel cells are located at
the edges of the fuel cells, planar fuel cell layers may utilize gas diffusion layers (GDL)

25  that may not be electrically conductive. This feature may allow the use of
interchangeable or adaptive covers, in accordance with the various embodiments, that
may include materials and configurations not otherwise feasible for use in connection
with as GDLs. Further, the various embodiments may also be utilized in conventional
fuel cells with GDLs, as a feature to enhance the fuel cell performance in varying

30  environmental conditions.
[6020] The covers according to the various embodiments may function to
enable an oxidant, such as air, to contact the cathodes of the fuel cell. The material,

structure, and other physical properties of the cover may affect the performance of the
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fuel cells. Performance of fuel cells may be affected by both environmental conditions proximal to the
fuel cell, such as temperature, humidity and reactant distribution across the fuel cell, which may be
affected by selection of a cover or gas diffusion layer. 100211 The cover, according to the various
embodiment¥G3#YHéGde an Sinterface structure that may be interchané’g%%‘%?&é@%{éble or both
interchangeable and adaptable so that, in general terms, the cover is responsive to varying
environmental conditions that %affect a fuel cell or fuel cell-powered ele tro&c,device.

InterchandbasielleResferiieh sl e An RFEBSAIRY 1B ARVE ORI LE KR e nay be

configured, g enhanGahg RetfosmanseciphaioreRnaedubtaetimbaiseibilonearset of selected
environmental conditions. AdaptabIP(;8 covers maéinclu e one or more ada tii/e materials that are

responsivafostharl Bt Re SRS RS TR Qe FOThaneE SHINE Shé 6 more fuel cells is
therefore epgminced. ThEheouesMaydbdingitiyée withanenbodiow ft)eheelisctdt anay not require the
cathode-envirgnmental interface tq be electrically,conductive, u gg%k&gﬂg ¥jutilize an integrated
15 caﬁod&t‘éﬁ?gﬁ/%tﬁg%? %ﬁgnéa crl%@n n(%?%%? ,e %ﬁgr%rtﬁazt?%aeﬁ i?_?t)er aE:e or covggl%etween the cathode
and enviramkhediptahie rotiae slastricalipmondictiveinsaeiition 4o mERfdaiding the proper gas transport

properties. Te, couer MY SIS hesadk v gassive wialbaayiiasy iekeals, which do not

actively control distribution of one or both reactants to the fuel cell layer. 20100221]n the various

embodimedrsicwhiterehangesbiaLrsh 1ayish may toeme wbktresRlP ConeRalE M S hoice of material

and Stfuc%éﬁé%ﬁ%‘@&%%ﬁ%&&%ﬁﬁ%&%@ge%%@m@M}%@@@M&ﬁnﬁ@aﬂ%ﬁmﬁue|
cell-powered device. In addition, the cover may be uti szeF%]vvith an electrri,szl‘%l‘lg/ conductive layer or be
condutiveRseif! /Y SHEEAFRY ORI WAk RBHYCATo NSRRI & S ST S RS T HES

c%r\lfe?IZSmay be
configuredrigrbadipsivrisabisohacaptablerhased evitmckne)] coatitialosimbtthaFtheexample, the
interchangeabhle or adaptable cover m ffect temperature, humidity, p tans. contaminant level in
contact Wiﬁ'f"if?él?ﬂg'f%gﬁ.t ?1%%%%85%%&?3%%%&%?% acting %%C%driv%%?%%%tﬁég‘?%ition proximate to a
fuel cell mayiliafémtohincreasinge dedredsifigt enyanticguisghtatitepdormidingesieiemoving an

environmental condion A0proxpIAIe IR e SellrAAGPHAIES YRk cbgsisents, the fuel cel cover

may comprise a porous in erface structure disposed on, or pfoximate to the reactive surface of the fuel
cell layer, onthadmyielistéyertenlinrentenvisriisrell GastBrfnGHARIerqsDSBreriisl cell. The

porous layermay e carfigied i amisiok aiadaniakisamairkah J®iRaUsaintaining
the proper gas transport properties. The cover may therefore be used with passive, “air
breathing” fuel cells, which do not actively control distribution of one or both reactants
to the fuel cell layer.

20 0022} In the various embodiments, where the gas diffusion layer may not be
electrically conductive, the choice of material and structure is flexible to assist in
altering the environment adjacent to the fuel cell or fuel cell-powered device. In

" addition, the cover may be utilized with an electrically conductive layer or be
conductive itself, in order to function with conventionai fuel cell systems. The cover

25 may be configured to be customizable or adaptable based on structure, material or both.
For example, the interchangeable or adaptable cover may affect temperature, humidity,
pollutant or contaminant level in contact with the fuel cell. In the present disciosure,
affecting an environmental condition proximate to a fuel cell may refer to increasing,
decreasing, enhancing, regulating, controlling, or removing an environmental condition

30  proximate to the cell.

[6623] In the various embodiments, the fuel cell cover may comprise a porous
interface structure disposed on, or proximate to the reactive surface of the fuel cell
layer, or it may be integrated into a conventional gas diffusion layer (GDL) of a fuel
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layer may be configured to employ a thermo-responsive polymer. The polymer may include a plurality
of pores. Adaptive materials included in the cover may be responsive to conditions external to the
cover, conditions on or proximate to the fuel cells. Adaptive materials and structures may also include
active contréVEhg¥BAsteMs, other stimuli, or any combination thereof Sorﬁgy%w{'ﬂf‘é{g‘gﬂionditions
may include temperature, humidity, an electrical flow, or other conditions. DEFINITIONS 100241As
used herein, "electrochemical array" may refer to an orderly 10grouping of electrochemical cells. The
array maycbk. ﬁlkmmrgummﬁ@albmoéﬁﬁhﬁmé??ﬁ@]@bé%‘ﬂré‘éﬁﬁﬁgqiﬁpﬁr@}?@lmg%ﬁEFGH% fuel cells, such

as edge-collected fuel cells, The agiachamical cafisRiay josude batisissmEnmslectrochemical cells

may be galvanic cells, electrolysers, electrolytic cells or co ,birtl%tions therelgf Examples of fuel cells
I

include prteidedRBRYERERTEFENA faRl teieirle IHEtTa B RS SPEEI 2% RS line fuel 15 cells,
phosphorig.gsidsvelselisdimalierearanatie fuetcetisdilid oxisepfueinatispshebribinations thereof.
The electrochemical cells may inclgde metal-air ce Is,.scgﬁ)(c‘fg aascﬁinc air f(l))letlnggfl‘l nig{i&c air batteries, or a

combihatiGh khefsBPIGoDaIRE 209 HEFSHCHRAL IR HEXibf 818 ctro ayer" (or variants

ectrochemica
thereof) maydneliiea;asr elgcirochiamiaatiayef tiias Hediedniveotitonimyringrde20may include, for
example, an electroclﬁamiaﬁl Iaa¥*er havin f%r‘l\% or mare Sigjﬂigﬁgpponents integrated with one or more

flexible coFP?BBﬁ%H{g?’ YHEXné UCIe ot ayer" may refer to a layer comprising a plurality of fuel cells

integrated into the layer. 100261 The termREEUBEIRNSdimensional (2-D) fuel cell array" may refer to a
flexible shz,]ﬁ{-z\r%(rich is dimensiqpally thin in RRenfliracion: and wishosupeagya number of fuel cells.
|S ~ 3

The fuel ¢ lay have active areas of one type (e.g., cathodes) that may be accessible from a first
face of theeshignanficirstinsharaiss! SEHROTREATHL AR RITHESS tHAPARS SR Fom an opposing

second fagg, ot the-shestichne AcHE deasenay baisentgusedde tieiwithimfateaoriliespective faces of
the sheet. For example, it is not necessary that th,(F entire sheet be COﬁel‘ed vgith alctiv areas;
. S may o | v

however, SURFECBRFTRIRHATHE BR% RSN be INe FAELCS 15 %lrg%smg sacfive area. [00271As

used hereigsllinteréass Siryciie oRIId RIS ace dayenitinay thefeo foBx fuitlics inféehcelisonfigured to affect
2 Lﬁ;?lciﬂ\gg‘tm aeénr_]r% 0r19 é}i«; %%aggomae&%%!dgg Pu%P{:EHE’,Qﬁ%Et SHSRAA81 fﬁé]%ﬂ@ Rie,idfugteell anode and/or

15 cells, phosphoric acid fuel cells, molten carbonate fuel cells, solid oxide fuel cells, or
combinations thereof. The electrochemical cells may include metal-air cells, such as
zinc air fuel cells, zinc air batteries, or a combination thereof.
[6625] As used herein, the term “flexibie electrochemical layer” (or variants
thereof) may include an electrochemical layer that is flexible in whole or in part, that

20 may include, for example, an electrochemical layer having one or more rigid
components integrated with one or more flexible components. A “flexible fuel cell
layer” may refer to a layer comprising a plurality of fuel cells integrated into the layer.
[0026] The term “flexible two-dimensional (2-D) fuel cell array” may refer to a
flexible sheet which is dimensionally thin in one direction, and which supports a

25 number of fuel cells. The fuel cells may have active areas of one type (e.g., cathodes)
that may be accessible from a first face of the sheet and active arcas of another type
(e.g., anodes) that are accessible from an opposing second face of the sheet. The active
areas may be configured to lie within areas on respective faces of the sheet. For
example, it is not necessary that the entire sheet be covered with active areas; however,

30 the performance of a fuel cell may be increased by increasing its active area.
[06027] As used herein, “interface structure” or “interface layer” may referto a
fluidic interface configured to affect a local environment proximate to a fuel cell
component, such as, for example, a fuel cell anode and/or a fuel cell cathode.
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6 WO 2009/039654PCT/CA2008/001711 100281As used herein, "cover" may refer to an apparatus
that encloses, or contacts, or is proximate to one or more fuel cells that include an interface structure
that is configured to affect an environmental condition proximate to the one or more fuell ells.
5100291As BRI +feature” may refer to an aspect of a fuel cell coVst, WHich May be structured
into the cover or may be an inherent property of a material used in the cover. Examples of features
may include ports, holes, slots, mesh, porous materials, filters and labyrinth passages. 100301As used

herein, "ext38ll envirodmBiad Bredl et ETc SHYIRBIE TG M HHS HhAETREIEBh @fions” or "ambient

environmegin gy sefebiodhaatneapbetfinronditiens iprpimineqavestaicandmkerface structure,
whether that environment resides inside or outside a device or housing. Accordingly, external

conditions QPRI HES Hh SPETBPRAAREYATHER RIBFIREISE B ORRIEREPRESLTCR pollutant level, a
contaminaggilevel, or other external conditions. "External environment” or "external 15conditions”, or
O R o e N S S B LI AL O of 2
temperature, a pressure,’a umwfffy levél, a péﬂdfan Tevelr & €ontaminant level, of other external
conditions whizhmisin btictm088 1R ¢ rivgrior FIGY, Ue anpelstsatiiveraieie bt axitesiadell cover 100
according [ /e alious eERRIMERIS. A0 {usl Pell Vs i0%eay dneldean ARiieriace structure
102, which may be structured into an enclosure "104, inherent in a material used to form the enclosure
104, or othapipsaly fdier ansl fabarid] pessasics fuel cell layer. The fuel cell cover 100 may be partially or
fully integrggagoyith a sytagePhadnetsalarafvabasibiayer Suitahle fueleaibsguctures may include,

for example, a plenum enclosed by flexible walls, where at least gne of the flexiple walls includes a

¥

25first HexiTBvARaEIEa SERAHE Bh Pbr AbH RV BORL P h e PA% F RS oG ATBOSB R fured

conditions in proximity to a cover or an interface structure, whether that environment

resides inside or outside a device or housing. Accordingly, external conditions may
include one or more of a temperature, a pressure, a humidity level, a pollutant level, a
contaminant level, or other external conditions. “External environment” or “external

15 conditions” or “environmental conditions” or “ambient environment” may also refer to
more than one of a temperature, a pressure, a humidity level, a pollutant level, a
contaminant level, or other external conditions in combination.
[0631] Referring to FIG. 1, a perspective view of a fuel cell cover 100
according to the various embodiments. The fuel cell cover 100 may include an

20 interface structure 102, which may be structured into an enclosure 104, inherent in a
material used to form the enclosure 104, or otherwise proximate to a fuel cell or a fuel
cell layer. The fuel cell cover 100 may be partially or fully integrated with a surface of
a fuel cell or a fuel cell layer. Suitable fuel cell structures may include, for example, a
plenum enclosed by flexible walls, where at least one of the flexible walls includes a

25 first flexible sheet supporting one or more fuel cells. The fuel cells may be configured
with anodes that are accessible from a first side of the first flexible sheet and cathodes
accessible from a second side of the first flexible sheet. An inlet for connecting the
plenum to a source of a reactant may be provided. An external support structure
disposed to limit outward expansion of the plenum may also be provided. A flexible

30 fuel cell layer may include two or more fuel cells, substantially integrated within a two-
dimensional layer and a substrate coupled to the layer and forming an enclosed region
between the substrate and layer. The layer may be positioned in a planar or non-planar
configuration so that the layer may be configured such that it is operable when self-
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with anodes that are accessible from a first side of the first flexible sheet and cathodes accessible from
a second side of the first flexible sheet. An inlet for connecting the plenum to a source of a reactant
may be provided. An external support structure disposed to limit outward expansion of the plenum may
also be provNiBRYABEHe 30 fuel cell layer may include two or more fuel CEffi<* LHLtA A aly
integrated within a two-dimensional layer and a substrate coupled to the layer and forming an
enclosed region between the substrate and layer. The layer may be positioned in a planar or
non-planarseppditedafionfisithefitbec fiiey snab B EbefiRRITO SR B isiBgEIdble when self-

supported. i er comprise one or more internal supports in contact
s ﬁo Brtat YTl [AAFLR
e

with the flexible layer. 100321An electrically powered device according to the various embodiments

may includ®®Rbusing datiRlfgisa BrRNGHRE BavirfyRscSTRinB L tdr4i9ua STREiBsi  rically-powered

componentigcateride ARoiiREAahihenausigpshivindayarfuel eall artaystoay be disposed on and
supported by the housing, with the fuel cell array coextensiye with and s%&tar}tiany o]nforming to an
area of theeg?ﬁlfé??él.yﬁ?é”ﬁfgﬁi CRIPRIPEY ﬁ?ﬁ@t‘?ééﬂjﬂélg{ﬁﬁfﬁ@% OhitHeel ‘celid eddh hisving a cathode

and an anadd angycamneetishtacdupplyceiepticabipgvier towtisge lettrital g ovibaedcomponent. The
10cathodes of the unit fuel cells may.be positioned on.an outer surf f fuel coll array that faces
outwardly gﬁglx%ﬁrésg}vgewilr%lh |P§c%1§ggtﬁ act With am fte}%? %@o#ﬁr? £é)tutgslS e c?g fhtg‘%'ouslmg. The anodes of
the unit fusitcaligmydydbedpoagitivelén ofuai fnelaeBickadif kheiigsl euhicde aydowaradhanthterior of the

housing. Inthe yarpksSRRCAIMARES piie fuehred CaNEN NP PERPSIigNEERropimate to the outer

surface of the fuel cell array, 15so that direct contact with'the ambient air maé{f\ge accomplished

throudh thestwdeapiboeniidoelnolis gy de #earipned tierBonss sotfarmgfithaderd ¢l interface layer that

is positionegrpyaxinatededurlicel dRvics: harinterbacR s uBiltanay mdaasiacross
substantially an entire external surface of the enclosure 104, or it may extend ZOa%ro only a portion

of the extefHaPS AR f the WRARS QTG Bt BrecHHE AP SROVIART 63 ML 2&hRGured to

enhance th@rifosaiianes efthal aneiskmokd fhehoatiad bt tbeatmypesibodaskwithinthe enclosure 104

in a select ue?%g ﬁn; one or ogrea%) %ﬁ}}%% g)}%)r{l}%a 0 Ro%lons. Acc rdlrg)qléﬁe;@\‘%#r&q{face structure 102 may

. e ouler suriac d
include featife€°such ad por oles, Slots, a mesh, a porous materia : er network or any

15 so that direct contact with the ambient air may be accomplished through the fuel cell
cover 100.
[6633] For example, the cover 100 may include an interface layer that is
positioned proximate to a fuel cell device. The interface structure 102 may extend
across substantially an entire external surface of the enclosure 104, or it may extend

20 across only a portion of the external surface of the enclosure 104, The mterface
structure 102 may be configured to enhance the performance of the one or more fuel
cells (not shown) positioned within the enclosure 104 in a selected set of one or more
environmerntal conditions. Accordingly, the interface structure 102 may include
features such as ports, holes, slots, a mesh, a porous material, a filter network or any

25 combination thereof. The interface structure 102 may also include an adaptive
material, which will be described in greater detail below.
[0034] The interface structure 102 may be operable to exclude selected
materials, such as atmospheric pollutants or excess water (e.g., humidity) in an external
environment. The interface structure 102 may also be operable to admit selected

30  materials, such as water, when the cover 100 is exposed to a dry external environment.
The size, porosity and orientation of features in the interface structure 102 may be
varied to affect the flow or to control a flow of a material to the fuel cell, depending on

the desired conditions.



25combination thereof. The interface structure 102 may also include an adaptive material, which will
be described in greater detail below. 100341The interface structure 102 may be operable to exclude
selected materials, such as atmospheric pollutants or excess water (e.g., humidity) in an external
environment¥Prdttitétfate structure 102 may also be operable to admit g&gf&%ﬁ/ hHterials, such as
water, when the cover 100 is exposed to a dry external environment. The size, porosity and orientation
of features in the interface structure 102 may be varied to affect the flow or to control a flow of a

material tolf0dFlel cell, delsantsier oA SR e 81eb he RRfTED IS Bot SRR eEBAC T/CA2008/001711

[00351Thesineidats: steseivBridaMmaydeaperabaimpliegleonR @adn ereseleceddacal environmental
conditions, For example,.the jnterface strtéciture 102 may be iﬁfé)?rfg{grate into the enclosure 104 so
0

that it is reRfJUSHRCIHEH S 'Be WSS S prdrid HSmera B having different
physical clpacatiedstiter wiccantayaep eithanitiel Hfermaphesital cionalktioisi@regieioh at the time of
fuel cell operation. For example, one interface.structure 102, may be figured for. use in an
ermiroRmel MBS PTG g LA 0 K oLt S Sgiae o B o Ty be
configuredfor aiseniieanrervteofansstiuerhicH 02 ey dedwdigwadiasis misdemdtostilirnother interface

structure 1073y 0§ SeNBGHGEOL H3& A0eRRORMSAMAIEN S IREEqBNHLYWEL while another

interface structure 102 may be configured for use in an environment which is cld and dry. The above
examples RRfiEMESHESIEIan ARG IANAR itk e hahyehprt ifrebfate @infetate 302, depending on

the ambienf,gmdranereot Bath tbe apaleyislscantdhe deatuesdhatnawhaassasiaiesd with the

interface structure 102 may be selected and/or adapted to enable a fue] cell layer to operate over a
wide 10 cool and wet; while another interface structure 102 may be configured for use’in an

environment which is cold and dry. The above examples illustrate possible variations
for an interchangeable interface structure 102, depending on the ambient environment.
Both the materials and the features that may be associated with the interface structure
102 may be selected and/or adapted to enable a fuel cell layer to operate over a wide'
15 range of environmental conditions. Although FIG. 1 shows the interface structure 102
disposed on a portion of the enclosure 104, it is understood that in the various
embodiments, that the interface structure 102 and the enclosure 104 may be coincident
structures, so that the entire enclosure 104 may constitute the interface structure 102, so
that the foregoing interchangeability may extend to the entire fuel cell cover 100. Itis
20 also understood that in the various embodiments, the interface structure 102 may
directly contact {or may be integrated into) the one or more fuel cells enclosed within
the enclosure 104, or the interface structure 102 may be spaced apart from the one or
more fuel cells enclosed within the enclosure 104. The one or more features in the
interface structure 102 may respond to a change in to one or more environmental
25  conditions near or in contact with the one or more fuel cells in order to enhance the
performance of the fuel cells. The features may be incorporated into, or may be
inherent to one or more adaptive materials.
[0036] The enclosure 104 may comprise materials such as paper, various
polymers such as NYLON (manufactured by E. [. du Pont de Nemours and Company,
30 Wilmington, DE)}, and manufactured fibers in which the fiber forming substance is a
long-chain synthetic polyamide in which less than 85% of the amide-linkages are
attached directly (-CO-NH-) to two aliphatic groups), polytetrafiuoroethylene (PTFE),
polyvinylidene difluoride (PVDF), polyvinyl alcohol or polyethylene, for example.
9



isrange of environmental conditions. Although FIG. 1 shows the interface structure 102 disposed on a
portion of the enclosure 104, it is understood that in the various embodiments, that the interface
structure 102 and the enclosure 104 may be coincident structures, so that the entire enclosure 104
may constit L84 ce structure 102, so that the foregoing interchaddeabiiy thay extend to the
entire fuel cell cover 100. It is 20also understood that in the various embodiments, the interface
structure 102 may directly contact (or may be integrated into) the one or more fuel cells enclosed

within the Bherasirsrofdonassntarssdeawas thiremonhs s Y SIdSaBp S THRERRE one or more fuel

cells enclogedwithin ReenalRsiE ddehe-onampivaaiadaalyiasiayibe ivierace kucture 102 may
respond to a change in to one or more environmental 25conditions near or in contact with the one or

more fuel BEHEAFE SHESIUES dRRAREE P erformance of the fuel cells. The features may be incorporated
into, or maygdagjinherentte G facmartagaivenaterainrikedd6iddps enciostats B4 may comprise

materials such as paper, various polymers,such.as NYLON (manufa f |- du Pont de

Nemours &Hd &ﬂﬁﬁh&?@%\ﬂm}%ﬁﬁﬁ%ﬁ? (5‘&?? And manurac ugrtégl?fgeergs{}li% Wdlpht the fiber forming

substancecisdilang;elidih sygtheficlpeliamiianineyapotsdess(siah B50meinhaapiRiéUitkages are

e eSSk e:RIRIRT AaHAR, B RTNAREIRRRAP TFE), POLVITYIdene
» PO t

difluoride yvinyl alco g or po yethylene, for example. The enclosure 104 may comprise
features tharmeynde aadibotiiby ik awniinebriBhiatRifeT RSO S8y SABERFEIRE one or more

adaptive &@@%ﬂiﬁ!&&rm& be-former indheinterfasaHuEbIIRokeR ifarexaimpie: [AA37]The interface

structure 102 may be comprised of adaptive materials that 5may physically, or chemically respond to a

chand® in Breralanersudablrcritivemen e sry Wrdr WaysmdBes & &t ture, a pressure (such
as atmospigicBIRSSHSVES AR RRYSHI BOfRUVGER Mgty cnhuenislity Axipiievel, various
chemical compounds and/or light. Accordingly, .the inteﬁfi%c%a%%céllgreﬁ%%% mg%a%gh nce the
performanESRAPTHE S0 Wﬁ%@%@l ?&}S‘{ﬁgg}(%gfi BEpOLHioned in the enclosure 104. 10Examples of
suitable adepfivemat@ialsuttayinaiatie deands;dinelSyorheomtamgss welling Characteristics
of pH and Thermo-responsive Interpenetrating Polymer Network Hydrogel Composed
15 of Poly(viny! alcohol) and Poly(acrylic acid), authored by Young Moo Lee, et al.
(Journal of Applied Polymer Science 1996, Vol. 62, 301 311). In addition to thermo-
responsive materials exhibiting positive swelling, thermo-responsive polymers with
negative swelling may also be used. When using materials with negative swelling
behavior, a boundary condition of the material layer should be such as to allow the
20 pores to shrink with an increase in temperature. A combination of materials exhibiting
positive and negative swelling may also be used to realize the desired variable porosity
behavior of the GDL. Additional materials that exhibit variable porosity behavior are
described in "Separation of Organic Substances with Thermo responsive Polymer
Hydrogel" by Hisao Ichijo, et al. (Polymer Gels and Networks 2, 1994, 315 322
25  Elsevier Science Limited), and "Novel Thin Film with Cylindrical Nanopores That
Open and Close Depending on Temperature: First Successful Synthesis", authored by
Masaru Yoshida, et.al. (Macromolecules 1996, 29, 8987 8989).
[0038] Thermo-responsive polymers may also be defined as polymers with
either an upper critical solution temperature (UCST), or a lower critical solution
30 temperature (LCST). For example, below the LCST, some thermo-responsive polymers
are fully hydrated, whereas above the LCST, the polymer becomes dehydrated,
aggregates, and precipitates. The opposite behavior is observed for UCST thermo-
responsive polymers. That is, above the UCST, the thermo-responsive polymer is fuily

0



Thermo-responsive polymers may also be used as an adaptive material. A thermoresponsive polymer
gener.ally exhibits positive swelling behavior with an increase in temperature. One such material is
described in "Synthesis and Swelling Characteristics of pH and Thermo-responsive Interpenetrating
Polymer Network Hydrogel Composed 150f Poly(vinyl alcohol) and Poly(acrylic acid), authored by

oung Mop s Pl Ia R ORI Pl ner Al eacer %ok d, A4, maddition 0

thermo- r qnspfe materials exhl_ iting positive swelling, thermo-responsive polymers with negative
swelling maydajsatoe USE8T\itheitiusinbomaarsponsite Rehanes Sk ey BeHABIPH Houndary

condition of the. material layer should thé%c @St alom 1her2AReras ferRivink ke v '

) ) r afnifcrease in
tem!oeratu‘Flép.0 R_lgglfﬁ%siﬁl ion %?lr%g%grias gxh?bitlng?%c%sitivgjand negatll\;)e swgﬁﬁmg may also be used to
realize thetdesined vdabtbgorpsitynsetiavietonneeadss. Additional materials that exhibit variable

porosity b é rared clribed iﬁn"{Sg ratian, of Organ %#MQW% with.fhermadespansive
Pollymser H (§r§cl)gel" by I—?%a%rqgﬁsljo,aetgﬁ(P(ﬁ){}mé?_Gels_ygl Networks 2, %94, 315 322 25Elsevier
Science LimitetpeantaréNovkhdin firexwnplCyitatesiseh asperes v epelfahtiClose Depending

on Temperatie; 5%@%5%%@6]?%%' SYnRessmauharechy MaserLYashida @latyMacromolecules

1_996, 29, 89 )8 3] Thermo-responsive polymers may also be defined as polymers with
either an ughercotidatsalwissstoppemuredU s a8ra Tevesr BRrAPESILES A Y0 S perature

(LCST). Forexample, Deiom e liGe L. IhesmRsasRoDsiG. aQlxaesrara dullyhpdrated, whereas
B o

above.thg e po!ymer ecomes dehydrated, aggregates, and precipitates, The opposite
behavibr |&%@M®M@@$Tm9n6ﬁé@pé’m%}%ep8w&%ﬁﬁ’csf@,naﬁfé) T EeR RS
thermo-responsive palymer syl ydatech wheraasbalew fhe HESTs hermplumeg becomes

dehydra_t(_a , aggrggates,_and precipitates. UCST positive) thermo-responsive polymers will become
Eydroph|||aamtﬁdméasmg.ﬂwmm@suvm@@%@sm%@ﬁmm@%@@%@ﬁéve polymers will
ecome hydaphobic oRINCIBaRInG, [EmRSEatbkesuRICRRPIRaIme TS ik enhibiosbanges in

asse
hydrophoblcsﬁy IN response to increases In temperature are known, for exag]ﬁle, in biological systems.

For exampteologisal pﬁm@{mﬂv@m@ﬁﬁeﬂmﬁé\@ﬁﬁ%ﬁ%’y@?&% it Photography
that aflows yniform | LOfESPiRY AYEf R IEMPSRIYR F AR APrRRMaka Of Prlymess,

26-27, 1996, Bellingham, Wash. The design of advanced materials is demonstrated in
terms of the capacity to control a specified temperature, at which the inverse
temperature transitions occur by controlling polymer hydrophobicity and by utilizing an
associated hydrophobic-induced shift. A “smart material’ is defined to be one in which

20  the material is responsive to the particular variable of interest, and under the required
conditions of temperature, pH, pressure, etc. By the proper design of the polymer, two
distinguishable smart functions can be coupled such that an energy input that alters one
function causes a change in the second function as an output. To become coupled the
two distinguishable functions need to be part of the same hydrophobic folding domain.

25 By way of example, a protein-based polymer was designed to carry out the conversion
of electro-chemical energy to chemical energy, i.e., electrochemical transduction, under
specified conditions of temperature and pH, using the delta T.sub.t mechanism of free
energy transduction.
[0040] Research has been conducted in positive temperature-sensitive systems

30 for, but not limited to, interpenetrating polymer networks (IPN) composed of poly(acrylic
acid) (PAAc) and poly(N,N dimethylacrylamide) (PDMAAm), and PAAc and
poly(acryamide-co-butyl acrylate) (poly(Aam-coBMA)) that showed attractive
intermolecular polymer-polymer interaction, specifically,
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The Eilms Of Which Exhibit A Tunable Temperature Dependence To Penneation By 10Aqueous
Solutions, Lloyd D. Talor, Polymer Preprints, Division of Polymer Chemistry, American Chemical

Society, v 39, n 2, Aug. 1998 ACS pp. 754-755). Urry & Hayes reported hibited
inverse tran&’ﬁ%%?g%’f;’%@?drophobic folding and assembly in response to ir?égggg;‘gegsﬁ?%rﬁ%erature, and

their use in smart function_s in biological systems, in Designing For Advanced Materials By The Delta
It-Mechanism, 15Proceedings of SPIE, The International Society for. Optigal.En .iqeering v, 2716 Feb.
1

_ , E
26-27, 1998, Mﬂlﬁgif&ﬁﬂé\;’:@ééﬂ hyssoger pndingdlancernir 4 21848 REREEEd"in terms of the
gggﬁglﬁ)i/nté)ngggﬁrgﬁgg&g%@g@g{g&g&% gﬁ@\@%ﬂiﬂg&;h}v}g&% temperature transitions occur by

lling / ydrophobicity an utilizin assqciated hydrophaobic-induced shift. A"
material' i$0éfihed to b"é’g'ﬁ‘é?ﬁl\ﬁl}(?@?ﬁéxﬁ%%%gfg‘?f %%%oﬁ’&ll&\hfe 8%%8%%(%5%&%6@ of iir:(]a?(retst,
g(r;lci/ rl:]rédegsgﬁgéﬁegHy&@%‘@g%@ﬂﬁ,Qhﬁmp@&mr&ppmwesémlydféaﬁymimtﬂier design of the

ner, two distinguishable s nglons.can be couple t mput that al
o e Db R
distinguismablel igasfiving ered Rolpe. pedv OF ¢hie, Saiid KiRRL RS sbidink GBPRERNIS By way of
example, %ﬁéﬁ%&@ﬁi@%’)‘?'ﬁ%ﬁt‘“{& g‘ﬁ?}?\%‘%ﬂé&&?a{&/ﬁAtéﬂ%tfig)ﬁyﬁeﬂ%lcﬁig@k@@,tm-chemical

energy to ergy,i.e., electro emical transduction, under specified conditions of
temperatutbearficiyz angithgwhe. deirs T RaBIE AR Wﬁ%@“&ﬁ%ﬁﬁ%%ﬁ@ﬁbw [0040]Research

has been conducted: iR DQSItNE JEIMBRIA er SENSHIVESY St 301002 Mb: Aitesti
mterpenetPa{ﬁnlé poly%ﬂeg networ%s IPN) compdsedlyof pé&/ésﬁr Iig .ac%wﬁPAé‘? ar%Ei p[Z’Iy(N,N

dimethylacityhipritoprpDpErye A6 PA RS SISt e BSSHEINALROERS) (poly(Aam-coBMA))

that Show%@%éra&éixﬁﬂmrgeglasp@aﬂ palyisiespalyreighintenaction; epetifivatiys $dutea
AL LS ol FETAOn oas P e ol
s‘reversible shrinking and swellihg changes.

particular interest in the biomedical and pharmaceutical field because of the innocuous
and non-carcinogenic biocompatibility. Polyether amide elastomers such as PEBAX

15 and polyurethanc elastomers, may also be used.
[0042] Other suitable adaptive materials may include various shape memory
polymers (SMP). Shape memory polymers may be stimulated by a temperature, 2 pH
level, various chemical compounds, and/or light. In general, shape memory polymers
are polymer materials configured to sense and respond to external stimuli in a

20  predetermined manner. Additional examples of suitable shape memory polymers are
any of the polyurethane-based thermoplastic polymers (SMPUs). Such materials
demonstrate a shape memory effect that is temperature-stimulated based on the glass
transition temperature of the polymer (which may be between approximately -30C and
+65C). Fibers made from SMPs may be used to make shape memory fabrics and

25 textiles, such as an aqueous SMPU. Another example of a suitable SMP may include a
polyethylene/NYLON-66 graft copolymer.
[06043] SMPs may be suitably configured so that physical properties, such as
water vapor permeability, air permeability, volume expansivity, elastic modulus, and
refractive index may vary above and below the glass transition temperature. SMPs used

30 to control water vapor permeability may include elastomeric, segmented block
copolymers, such as polyether amide elastomer or polyurethane elastomer.
[0044] Shape memory alloys (SMA) are a further example of materials which

may be utilized in an interface structure 102, in accordance with the various
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[0041]Poly(vinyl alcohol) (PVA) and PAAc IPNs show the temperature- sensitive hydrogel behavior,
and have been reported previously (Yamaguchi et al., 5 Polym. Gels Networks, 1, 247 (1993);
Tsunemoto et al., Polymer. Gels Networks, 2, 247 (1994); Ping et al., Polym. Adv. Tech., 5, 320
(1993): Rhint& #PY/93%h1. Polym. Sci., 50, 679 (1993)). Recent researc%qég‘%%%wltﬁét PVA that is
heated to dissolve, then frozen and thawed, forms a matrix of physically cross linked polymeric chain
to produce a highly elastic gel (Stauffer et al., Polymer, 33, 3932 (1992)). This PVA gel is 10stable at
room temperatudéarants.canche wxtersie toegike 8)difos divnlgiralshagerea opertias of PVA gels

depend on goleghlarusIoNL SRNGETEIOR AU SOIRRLIRMRSIRIE SR freezing, and

number of %reeze-t aw cycles. The gel is of particular interest in the biomedical and

pharmaceuezidiaters deaidisyortphisn AbrieH SHRW I L Eps B Snit roRBHiBltibility. Polyether amide
elastomersaychias RERMALARIRYIKLIRHIANIS RIRIIOMBEnHatAIRRPRYIERMVRa42idather suitable

adaptive materials may include various shape memary polymers (SMP), Shape memory polymers may
be stimUlat8H BYRETEMpLrEfiexaple: I@\}E?;S\/‘ébeayéﬁé‘fﬁ?&%%ﬁ?ﬁ%&?ﬁ%‘é’?&ﬁ%&;fﬁﬁﬁ n general,

shape memgky plysaarscareopalyraerdnadenate edokguiedtesenskmabiiespond to external stimuli in
a 20predetermined manner. Additional examples of suitable shape,memor I rs are any of the
polyu rethaﬁ%gﬁ%rgér@ h HEREBYI e Mﬁ%‘f@gg mn%%t%%alg%%%r%cﬁ%ga e§ shape memory
effect that isdemperathraestiWhiatedrbasechaentherglassithnditiv S MéMmparatarésatablegolymer (which
may be beyeen appIaXmAIcly A0 AA9RC Elbsrmads iem SMRsmpehssed o make shape

memory fabrics an extiles, Such as an agueous SMPU. Another example of a suitable SMP may

includéda patyetimgestd] Xbrbeniee ignaft oo ronparafrfor4bpskePad A pechietiKaE sfigured so that
physical propesies, SUGhheSWSEMARCE A REAMI Do ARTMSR Ty RldRemexRansivity, elastic

modulus, and refractive index may vary above and below the glass transition temperature. SMPs used

30 to contraichratee Vapertirdenalinmmatnely ifa T e psEiBioie menshy AaiEtidiR Recopolymers, such as
polyether agygie.glastomen s apprathongalastamescaRdAahapesrnsenpplialpis (SMA) are a

further example of materials which L
example, in response to an applied signal.

15 [6045] In accordance with the various embodiments, a property of an adaptable
material may be varied in response to an environmential condition in proximity to the
electrochemical cells of the array. The property of the adaptable material may include
its porosity, hydrophobicity, hydrophillicity, thermal conductivity, -electrical
conductivity, resistivity, overall material shape or structure, for example. The

20 environmental conditions may include one or more of a temperature, humidity, or
environmental contaminants level.

[0046] In accordance with the various embodiments, a property may also be
varied in response to an applied signal, for example. The adaptive material may be
heated in response to the signal. For example, by heating the adaptive material, one or

25 more of the adaptive material properties may be varied. The performance of the
electrochemical cell array may also be determined periodically or continuously
monitored.

[6047] Other examples of adaptive materials may include woven materials
having fibers or ribbons which may increase in length as humidity increases, therefore

30 increasing the porosity of the weave and increasing air access to the cathodes of the
fuel cells. Conversely, the fibres shorten when humidity decreases, thereby decreasing
the porosity of the weave and decreasing air access to the cathodes, enabling the

membrane to self-humidify.
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may be utilized in an interface structure 102, in accordance with the various embodiments. One or
more SMA may be used, for example, to configure a pore size of the in the interface structure 102 in
response to an environmental condition, such as temperature, humidity or other physical stimuli.
Multiple SMAs with multiple transition temperatures may be used to provide environmental adaptability

over a ran temperatyres. For example, at least two SMAS with ditfesi sition temperatures
may coopgrgaqt?vgély form g%%‘gt‘{)argotﬁsa?%}jé%ill eeggls\’/i%r%%lr%tgﬁt%ea ?ﬁt‘é‘ﬁ%ﬁt@ Xrg?:%kg(ﬂngly, as the
temperaturelsisesldhsiigtenfacd stictdtureai 2piichsdinoutite SMA@tiriogsdy idatsd. When a

transition temperatyre of the first SMA actuator is reached tF SMA a reduce air
access to e’ %g{ﬁ'(;%uecsf? %gcet,h%l Ceain'°|%Jde%\ipfi‘tl L?r%ni&n r%grg%é%%msl}ﬁ 11%1}? ﬁlt?h%gﬁé%i%w ?Se%ﬁ%ge%rature of the
second SMA acipatiex vigydhesnehahdrhmessitingrintihe secandiShAtactuator contracting and further

reducing t ir-access to th thodes. natively, the. SMA a r canfigured to be
controﬁedl@@gﬁrrent athﬁe ng?gﬁ’?ﬁé MA %tgfug?c?ﬁ%\}vohni% r%ga%%}g i%%%ﬁ(ﬁxample, in
response tmachapptietsidgoalisIsiotd timbgeord anplkyvwithl thenddeiotlsaerieb Bslineents tadroperty of an
adaptable material be varied inresponse to nenvironmﬁjg itiQn_in_proximity to the
eIectrocheFﬁXl?:e:—{f1 %?eﬁig%% 6 %ﬁéf/?‘?%r}éep%tg%(g%eg? {ﬁ%(}% aﬁsjrt%lb e %é%?gisr%% ?r?co%%?its porosity,
hydrophobitigy, dryathepkillicitls thermakcodeuctuity, electrical conductivity, resistivity, overall material

shape or s e, fore le. Th vironmental conditi i . of a
temperatur};é,b%ginidity, o?%@ne\%ﬁ%%Fﬁe%n%glego%grrﬁ%egéléelﬁvge%}. Jf((%r(&)% Ifrlgeaiggor er%)gﬁeSa }{ISI% t%rtlaE various
embotlimentspaipropethy maioatsorbe diaredsil tesiiohse oot i sigekidéor legample. The
adaptive matelial IBLASACRIPAID [ERRANE I e IANRL AR SHAMRIROM Dalg hisadaptive
material, one or 25 more of the ac?aptlve material properties may be varied. The performance of the
electrochemichisoet] 204ayThnafuel selbeodet@bfimey pbriodidady raortihloachpsnphiioréd.

1004710ther examples. of 98RIME DRI 3 HEUIF AU AR RSess plate 206

may include a second interface structure 208 having different properties (e.g., 2

15 different porosity, material or response characteristic to an environmental condition}
than the first interface structure 202. Accordingly, in the various embodiments, the
removable access plate 206 may be interchanged with other access plates 206 having
different characteristics, so that the environmental conditions proximate to the fuel cells
within the enclosure 204 may be “fine-tuned”. The access plate 206 may thus allow

20 customization of the cover 200, since interchangeable materials, meshes, porous
materials, screens, vents or filters may be utilized. Optional attachment mechanisms
210 and 212 may be included that may be configured to couple the access plate 206 to
the enclosure 204, and to couple the enclosure 204 to an electronic device, respectively.
[0051] The cover 200, or portions thereof, may be may manufactured of an

25 adaptive material, and the removable access plate 206 may be configured
to take into account a set of selected environmental conditions, and may include
features to enable optimized performance under such conditions. Such an arrangement
allows the cover 200 to have adaptive and interchangeable capabilities. In addition, it
is understood that the foregoing optimization may be accomplished where the cover

30 200 and/or the interface structure are interchangeable.
{0052] Alternatively, the cover 200, its features, materials, or components may
be adaptable or may be optimized for a given set of environmental conditions.

Depending on the environmental conditions, it may be configured to allow more or less

14



having fibers or ribbons which may increase in length as humidity increases, therefore 30increasing
the porosity of the weave and increasing air access to the cathodes of the fuel cells. Conversely, the
fibres shorten when humidity decreases, thereby decreasing the porosity of the weave and decreasing
air access to§e26¥iAIEES, enabling the membrane to self-humidify. [0048]GAEPNIGY
embodiments, the interface structure 102 may be adaptable using a mechanical means, such as a
louvre or a port having a variable aperture. Such mechanical adaptations may be accomplished
automatically:ianesprioss theantapiiad gighia] stithys. ffomeaasgisomda: yptandamday input.
5[0049]The fuel cell cover 100 may also, optionally incl t ism 106 that is
suitably coﬁﬂrd%lrueoé] %bagﬁ?/ns%a‘f f/mé"l SP?é’fé:‘Et‘“’rféa |§“8%%%F§‘t%;}% Ee%%ﬂi?é@%%ﬁ% device. The

attachmentimdotmuisenioamesiabecaddipnsa tecko wisHEb(erdoh dresiiiea bitedeetcHmettcdevices.
[0050]Refesing {8 FilGean RRsIRECIYGMIRYS O anfbieheel aause L QridhoMmAPase/ding to the

various embodiments. The fuel cell cover 200 may include a first interface structure 202 that is formed

on at Icast s2feHrsntpinsreasadinablitatboioarreriapet Repbineie s e00 may also

include a remavableRecessRiBiRRAG JlalRasTHE RearRRSHigRVBlesiti poidion G tae enclosure 204.
The access plate 206 may include a secor%?énterface stlrtggtu e 208 havin?gﬁifferelg\t properties (e.g., a
|

15different PTESES TIRRARF S12eRpBIss Aoadingand Fvitortental’ &6Raitfon) than the first
interface steaatirer20. idaesveigiiovindhbe\cattadese fobextimplatsy thereasimguthblpoacsess plate 206 may

be interchanged with.other access plates 206.having different ch teristi at the
environmen‘#’jﬁu};(?‘S\éri:a HORE! %treor%rﬁglfne% i ]ﬁmgeg?ﬁe rc%eﬁ?st%vt?%?r? thgt%rﬁggg&?éﬁz&g} ?r%gr)llgg)e "fine-tuned". The
accesstplate@fBemsitius 208wr20dirstgminatiopoodih 8rsbinserie suvrivriirchulgeable materials,

meshes, porgys mAeHRlS, SEIERNS)YeRI %R~ IBTS Bav el ods QRiienabatiaghment mechanisms

210 and 212 may be included that may be configured to couple the access plate 206 to the enclosure
204, and toseerisldnfreasa srstive: 264 RrRAIREGBHlic device, respectively. [0051]The cover 200, or

portions theggafljmay betRay.naaviacturas ¢idifor the first interface structure 202 and the
second interface structure 208) may affect both in-plane and through-plane conductivity

15 and mobility of both reactants and products of the electrochemical reaction. For
example, in the various embodiments, in-plane distribution of product water may be
promoted across a fuel cell layer to provide even humidification of the ion-exchange
membrane across the fuel cells, in addition to enabling balanced evaporation from a
fuel cell system.

20 [0054] Further, in the various embodiments, the various attributes of the fuel
cell cover 200 discussed above may be configured to be distributed in a non-uniform
and/or asymmetric fashion across fuel cell layers. For example, and in accordance with
the various embodiments, features (e.g., holes, perforations, or other openings) closer to
the edge of the active area of a fuel cell may have a relatively higher or lower porosity

25 compared to features closer to the center of the active area of a fuel cell. Properties of
the features may be varied to increase or decrease air access to the cell depending on
the position relatively to the cell geometry.

[0055] In the various embodiments, aspects of the cover 200 may be
exchangeable or disposable. For example, the cover 200 may comprise a filter element,

30 which may be disposable. A fiiter may be used in environments where there may be
excess levels of pollutants or contamination to prevent such poilutants from reaching
the cathodes of the fuel cell layer. The filter may be configured to be field-replaceable
at the discretion of the user of the portable electronic device, or as necessary. In the

15



25adaptive material, and the removable access plate 206 may be configured to take into account a
set of selected environmental conditions, and may include features to enable optimized performance
ynder such conditions. Such an arrangement allows the cover 200 to have adaptive and
interchangeable capabilities. In addition, it is understood that the foregoing optimization may be

accomplished where th(? cover gg 0 and/og tklle inter;%%(a %{g%t}jgg(}%g%li@éqgmggeabIe.

[0052]AlterfRIRMI TRREBTRIS G T ATas atBrials. of components may be adaptable or may be

optimk;zed i@f@@&é@a&?@fmiMmental conditions. Depending on the environmental conditions, it
may be configured to allgw.more or less 14 oxidant.to access the | cell layer. For
example, it glhot and ?%FV%%EO ItIOI"lS:’;IE AR SOH exc %%lg\ew r%%e%%tsr%i%&g%g?ﬁéﬁ?%ay be subject to
dr;glntgr;l out.%{W@vmﬁmemﬁa&@m&ﬁiﬂoﬁ&dmmmhmmnmm firduidrerfaek structure 202
an e second interface structure 20 be configured t d ' odes, to
mcrefage th@%ﬁﬁi‘fﬁr eW?B]t‘f %%a%ﬁ@%é?‘ﬁ%%ﬁ%l f(])gs%??fhofr%ﬁl%i Lé.?%)1gci:;(lalfr%?ﬁgSE'gSu];'ringdsg(rqzltﬁhvironmental
cogdltlons thahinalde fighlelsOF Humidiy, ¢hetioniexharmiOmembharie eralpdiepiote to flooding,
and therefore the cover onfigyred to,increase air r example b

- . y
increasing ﬁ\%‘ poreizé %&%@éfp?é@o%g gﬁéf%ogﬁﬁ?}gyngetﬁ% #ﬁ%ﬁ%%gﬁgc@g%%%%%ﬁ{g 202 and the
fsecofnd 10 énteifad eostio diitte 3080w Blzifgeafimberel harous3id riaraifaled g AIBPG2 and/or second
interface structure 208. In th rious embadiments, it is g interface
structure 248 gﬁfﬁg%%ﬂ§ﬁ§d§’0%§§iﬁlﬁgaﬁgegg s’%eoa\'/ejr%‘ Og§ t??‘r?ﬁ/%ﬁ%%%%%ﬁ%%gﬁgtructure 202
and the secoBdrnieréam Sucidire 20g) by faffectibotvénJslane thnd! istough gsigse $dhductivity 15and

mobility of both_reactants.and, products of. the electrochemical i r in the various
em bodimerf?g,?iﬁ-plane olslrs?{1 iﬁh%fgr? of é%ép ue§ %&Pe%ry r%%f?/%eg % %gmﬁgf%oégﬁ%’sgs%%%%ﬁ 1Itllgi/er to

provide everPlumiifisapianiap e, ionwxeharigle resmbrbrerauioss treniuercadesivaddition to
enabling b%lasgﬁ%?aeﬁlg gggtg%ig%pv%ggepllac}%lr,sz}/ %&%‘Cal device, a television, a transmitter, a

receiver, a lighting device, a flashlight, a battery charger, a portable power source, or an

15 electronic toy, for example. The cover 302 may contain all or part of a fuel cell or a fuel
cell system, including a fuel enclosure, for example. The cover 302 alternatively may
contain no components of the fuel cell system, as will be described in greater detail below.
[0058] Referring now to FIG. 4, a perspective view of an electronic system 400
according to the various embodiments. The electronic system 400 may include an

26 electronic device 402 that may further include fuel cell cover 404 that may optionally
be substantially flush with a surface of the electronic device 402. The cover 404 may
include one or more interface structures 406, as previously described, and an optional
attachment mechanism 308 to couple the cover 404 to the electronic device 402. The
cover 404 may be flush or substantially flush with the electronic device 402, so that

25 little to no exterior profile of the cover 404 protrudes from a face of the electronic
device 402.
[0059} Referring to FIG. 5, a perspective view of an electronic system 500 is
shown, according to the various embodiments. The electronic system 500 may include
an electronic device 502 that may be operably coupled to a fuel cell cover 504. The

30 cover 504 may include a removable access plate 506 that may further include one or
more interface structures 508 and an optional attachment mechanism 512. The cover
504 may also include one or more interface structures 510. The cover 504 may be

interchangeable, and the access plate 506 may also be interchangeable, therefore
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2010054]Further, in the various embodiments, the various attributes of the fuel cell cover 200
discussed above may be configured to be distributed in a non-uniform and/or asymmetric fashion
across fuel cell layers. For example, and in accordance with the various embodiments, features (e.g.,

0(?1 Tl.‘il

holes, perforSRdALt1%6ther openings) closer to the edge of the active aréa o1 A Tu8l Cell may have a

relatively higher or lower porosity 25compared to features closer to the center of the active area of a
fuel cell. Properties of the features may be varied to increase or decrease air access to the cell

depending"6FFaHBGBSIARH Pelafdit {HRRB EamEeUH SaY HIBEB1HH Ihid GaRBESEHBodiments, aspects
of the covel-2061 Maydeeiexehiangeablerangisposable. For example, the cover 200 may comprise a
filter element, 30which be di le. A filter may be use environments,where there may be
excess Ie\}g%%f poIIuta}g;tiggf‘l%ﬁgﬁr?‘gt%nefgﬁB%gé%’ﬁ%/“é3 gﬁnp%()i] ot

[
fGtants Wg%glnf'eachmg the cathodes of

the fuel celhdayeacthdifitas thaybdeoafigodédetasb S tiekyatepldd@ably atcihdediscretion of the user of
the partable electronic. device, or as ssary. in q vgr' Ys. l{'ﬂggtgi&qg IS ihe filler may be
incorpsorat()é%c fﬁ Sl%rea‘ggeegg?b%a\t/fg %ﬁﬁegr%roi\r}ggjléeaécgg?s é(laatecgol . 0056?R_§ferr?ng to FIG. 3, a
perspectiveariefvedtelhleect@icasys tnir80ly aetvrdmgreotisbopdiidassefbdamiaitet The electronic

system 300, MAGIREIEE R e AR %@&?@%m%ﬁg BRapIRalNAE. (PR 8 X PG pEd of the

embodiments disclosed in connection with FIG.1 and FIG.2. An electronic device 304 may be in

contact wittvarfudinedid svlramss §ofrenscharieradicec iy hiagpld MFRIFEER De removably
engaged tg.the. fsel ool cover 882+ Bbe fus! rahoenierd0R maylinekide aneeobmare interface

structures 306, as previously descr'ibeﬂé An optégn atg}%ml nt meg&gnism 1(?3 8 may be configured
to cotfble REFHBPREHCRRA DS tirlire bIREORIO déli f.?[ﬁ%%“-f] e SleStfohic 8&ice 304 may
include a el Phanee aisamtteq boneravidy ddaptbaicomnpdiermndltraisyabite personal
computer, a computer accessor isplay, a personal audé r yideq,pl era medical device, a
television,ogtf%%? ?t(fgﬁl %3?888?5%@ @Egﬁ%@%ﬁrﬁ%&ﬂgﬂ 85 ﬁé&ty %%%%%/é (S:har?ger, a portable power
source, orcambination of the fuel cell layers, fuel cell cover, and optionally other aspects (e.g.

fuel cartridge, fluid manifolding, valves, pressure regulators, etc) may form a fuel cell

15 system, which may then be coupled as a fuel cell system to the electronic device.
[0061] The Abstract is provided to comply with 37 C.F.R. §1.72(b) to allow the
reader to quickly ascertain the nature and gist of the technical disclosure. The Abstract

is submitted with the understanding that it will not be used to interpret or limit the

scope or meaning of the claims,



15electronic toy, for example. The cover 302 may contain all or part of a fuel cell or a fuel cell system,
including a fuel enclosure, for example. The cover 302 alternatively may contain no components of the
fuel cell system, as will be described in greater detail below. [00581Referring now to FIG. 4, a
perspective view of an electronic system 400 according to the various embodiments. The electronic
system 400 may include an 20 electronic device 402 that may further include fuel cell cover 404 that
may optionally be substantially flush with a surface of the electronic device 402. The cover 404 may
include one or more interface structures 406, a%%{bf%lgr)]usly described, and an optional attachment
mechanism 308 to couple the cover 404 to the ic device 402. The cover 404 may be flush or
substantially flush with the electronic device 402, so that 25little to no exterior profile of the cover 404
protrudes f@[{la% Sfa%‘e of the electronic device 402. 100591Referring to FIG. 5, a perspective view of an
electronic system 568"s slh'own, according to the various embodiments. The electronic system 500
may include an electronic device 502 that may be operably coupled to a fuel cell cover 504. The
30cover 504 may Anﬁ{@fj@el@Jﬁﬁﬁy@%ﬁgﬁ'@s plate 506 that may further include one or more interface
structures 508 and an optional attachment mechanism 512. The cover 504 may also include one or
more interface stréicias o1 Bexphls Elee By shdibe interchangeable, and the access plate 506 may
also be interchangeghle.ineraiee.inrieasing theakiliuie adiustsbscepviramentaleanditions near or
in contact with a fuel cell enclosed within the cover 504. 100601Referring to FIG. 6, an exploded view
of an electronic sy&tersoReRR&HHh cdt&iting to the various embodiments. The system 600 may
include an 5electrefig e viea:0@zsthak: Maydurther daichagter anktedss 604 configured to receive one or
more fuel cell layers 606, and, optionpally, gne or mare fue] car ri(%i es.. fluidics, power cgnditioning, or
combinations thereof, wﬁ%%%ﬁ@?’ﬁeﬁb%gﬁ I§}‘1§ TilolL (g%nttﬁ%r?éee %é%%ﬁe%é? ‘Pf%éeﬂfgi%%ll layers 606
may therefore be operalihyeoapled to the electronic device 602. A fuel cell cover 608 may be
positioned on the electronic,devige 80 o A AR P& RESING .90 i eksel JR¥RI0P- The fuel
cell cover 608 may inclu8&'one

region between the substrate and the two dimensional layer; and,

wherein the interface structure is configured to affect two or more environmental

conditions proximate to the at least one fuel cell layer.

2. The fuel cell system of claim 1, wherein the at least one flexible fuel cell layer

further comprises one or more internal supports in contact with the flexible layer.

3. The fuel cell system of claim 1 or 2, wherein the interface structure comprises an
adaptive material configured to affect two or more environmental conditions proximate to

the one or more fuel cells.

4. The fuel cell system of any of claims 1-3, wherein the interface structure includes
a removable porous structure configured to affect two or more environmental conditions

proximate to the one or more fuel cells.

5. The fuel cell system of any of claims 1-4, wherein the interface structure includes

a filter element configured to exclude an atmospheric contaminant.
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or more interface structures 610, as previously described. Attachments 612 may also optionally couple
the cover 608 to the electronic device 602. In such cases, the combination of the fuel cell layers, fuel
cell cover, and optionally other aspects (e.g. fuel cartridge, fluid manifolding, valves, pressure
regulators, etc) may form a fuel cell 15system, which may then be coupled as a fuel cell system to the
electronic device. 100611The Abstract is provided to comply with 37 C.F.R. 1.72(b) to allow the reader
to quickly ascertain the nature and gist of the technical disclosure. The Abstract is submitted with the

understandjng tha,it will not be used.to interpret or limit the scape ar meaning of the claims. CLAIMS
What is claémed i %leﬁl ?ﬁglsc\%ﬁj 1’élyos 3%?’8%%%1%?#;’;‘?’%5%? one' g)ﬁ%?e ?ue} cell layer; and a fuel cell
cover that inshitassan istgrface Strucichendisipscapedsicnarade proasioastividfarible fuel cell layer,

wherein th(?n atﬂ%%;sct gne feggtleb({% flél Pe%” layer includes two or more fuel cells substantially integrated

within a two dimensional ayer ahd a substrate coupled to the two dimensional layer and knitting an
enclosed region between the substrate and the two dimensional layer; and, wherein the interface

structure is-configgred g affecrhan oF M9 enyikenmenialeandilions prRme-o the at least one fuel

cell layer. 2. The fuel cell system of claim 1, wherein the at least one flexible fuel cell layer further
comprises epERIISATSrE IR MANSONIE TR B¥itEet with the flexible layer. 3. The fuel cell system of
claim 1 or 2, wherein the interface structure comprises an adaptive material configured to affect two or

more environmental conditions proximate to the one or more, fugl cells., .
The fuel cell system of any of claims [-7, wherein the adaptive material is

responsive to a change in one or more environmental conditions proximate to the one or

more fuel cells.

9. The fuel cell system of claim 7, wherein the shape memory adaptive material

comprises at least one of a shape memory alloy and a shape memory polymer.
10.  The fuel cell system of any of claims 1-9, wherein the interface structure is
configured to affect a humidity level, a temperature, a pollutant level and a contaminant

level proximate to the one or more fuel cells.

11.  The fuel cell system of any of claims 1-10, further comprising an access plate

positioned on the fuel cell cover that includes an additional interface structure.

12. The fuel cell system of claim 11, wherein the additional interface structure on the

access plate comprises one of an adaptive material and a removable porous structure.

13.  The fuel cell system of claim 11 or 12, wherein the access plate is removably

engageable with the fuel cell cover.

14. The fuel cell system of any of claims 1-13, wherein the interface structure is

electrically conductive.
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4. The fuel cell system of any of claims 1-3, wherein the interface structure includes a removable
porous structure configured to affect two or more environmental conditions proximate to the one or
more fuel cells. 5. The fuel cell system of any of claims 1-4, wherein the interface structure includes a
filter element configured to exclude an atmospheric contaminant. 6. The fuel cell system of any of
claims 1-5, wherein the interface structure comprises at least one of a mechanically actuated vent and
a porous material having mechanically actuated apertures. 7. The fuel cell system of any of claims

1-6, wherein_the interface sgructure compri a sh memary. adaptive material.. 8. The fuel cell
system of any of éihﬁh%“"f‘-’?},{ﬁ}ﬁé?&ﬁ the £§§Eﬁ%ﬁ r%gtgéﬁfa ﬁrse}rg%olﬁ%{/gct%%né afleglg in one or more
environmeptateallitions qiakionate to the one or more fuel cells. 9. The fuel cell system of claim 7,
wherein the shape memory adaptive material comprises at least one of a shape memory alloy and a
shape memory polymer. 10. The fuel cell system of any of claims 1-9, wherein the interface structure
is configureidto afféetfachueHisitydeved chien pefiartbes campplisitaineletaad !y eorteshivtgtievel

proximate tg f1e,006, 04 OIS (48 GRS bkcFe ekl e, ol il daims And Oy rther

comprising an access plate positioned on the fuel cell cover that includes an additional interface
structure. b2e ThavdmefediFestem of claim 11, wherein the additional interface structure on the access
plate comprises one of an adaptive material and a removable porous structure. 13. The fuel cell
system of claim 11 or 12, wherein the access ?Iate is removably engageable with the fuel cell cover.

14. The fuel Bell syStefidrahystemahny-akclmsrbil e e LRt I BiE ically conductive.

15. The fuelsell sysieptany @t drinsilmi4r wherein the interface structure is electrically
non-conductive. 16. The fuel cell system of claim 15, further comprising an electrically conductive gas

diffusion layer in contact with an electrically non-conductive interface structure and the one or more
fuel cells. 18, A fuel cell cover, comprising:

an interface layer coupled to a flexible fuel cell layer, wherein the interface layer
includes an adaptive material that defines a plurality of apertures configured to allow
oxygen to pass through the cover to contact the fuel cell, wherein the adaptive material is
configured to alter a dimension of the apertures in response to a change in an

environmental condition or to an applied signal.

19.  The fuel cell cover of claim 18, wherein the plurality of apertures are arranged in
a non-uniform active area, the active area having a pore density at the center that is

different than the pore density near an outer perimeter.

20. An electronic system comprising:
the fuel cell system of any of claims 1-17, operably coupled to

an electronic device.

21.  The electronic system of claim 20, wherein the electronic device comprises one of
a cellular phone, a satellite phone, a personal digital assistant, a laptop computer, an ultra
mobile personal computer, a computer accessory, a display, a personal audio or video
player, a medical device, a television, a transmitter, a receiver, a lighting device, a

flashlight, a battery charger, a portable power source and an electronic toy.
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17. The fuel cell system of any of claims 1-16, wherein the interface structure is removably coupled to
the fuel cell layer. 18. A fuel cell cover, comprising: an interface layer coupled to a flexible fuel cell
layer, wherein the interface layer includes an adaptive material that defines a plurality of apertures
configured to allow oxygen to pass through the cover to contact the fuel cell, wherein the adaptive
material is configured to alter a dimension of the apertures in response to a change in an
environmental condition or to an applied signal. 19. The fuel cell cover of claim 18, wherein the
plurality of aperturgs are arranged in.a non-unj t] jve ing a pore density
at the cente?rf that fgléll?@r)grﬁ) {h%?]lt e r (?r%e ﬁ%@%ﬁ%ﬁ#ﬁeﬁ%ﬁg&é&gﬁ nﬁ%%{éﬁ%%gfﬁ%\éélectronic system
comprising: the fuel cell systenod Anyidiedlahes!l layer dipsrablydesupled to an electronic device. 21.
The electronic system of claim 20, whesein the glectionic danss:canpriseg.eneeba cellular phone, a
satellite phone, a personal digital assistant, a laptop computer, an ultra mobile personal computer, a
computer accessory, a display,détfiﬁéfi%ieéi%ﬁilér video player, a medical device, a television, a
transmitter, a receiver, a lighting device. soflarllighhaatien ¢harans .2 fritable Rewear source and
an electronic toy. 22. A method for optimizing the performance of a fuel cell system, comprising:
providing a flexible fuel cell laySFHieRIARAHBE S B 5L YEEI1®8IIs substantially integrated within a
two dimensional layer angarmbstraiesaupethietbalaysiandiominganenclosuraregion between
the substrate and the layer; and positioning an interface layer proximate to the.fuc-%l ?ell layer,
wherein the interf&&tgr%%Wéefé%??ﬁgﬂfévf’ot%f"%gassfWS 8%‘(/1?6%%5}%%0@0%1%%6’% Proximate to the fuel
cell layer. 23. Themneitiagdiofsiaim 22, wherein positioning the interface layer comprises contacting
the fuel cell layer and the interface layer. 24. The method of claim 22 or 23, wherein positioning the
interface layer comprises positioning an adaptive material proximate to the fuel cell layer. 25. The
method of agy of dhims:2R<4f ddimrad tHerntefadedaipertis aterfaovhisr coupiasdle interface layer

and positioning the interface layer comprises positi N the removably coupleable interface layer
adjacent toct%rtleqafﬁlerf%%]a @;’fﬁ%@? haengnteﬁt%lggﬁ %%é%y%%blaims 22-25, further comprising selecting a

property of the interface layer by manually replacing the interface layer. 27. The method of any of

claims 2225, {urthel. GRURIENRG AMIOmANOaY, REIERNAR AR iRl INRIRCEBYREIN response to

I
a change in at least one environmental condition proximate to the fuel cell layer.
positioning an adaptive material proximate to the fuel cell layer.

25.  The method of any of claims 22-24, wherein the interface layer is a removably
coupleable interface layer and positioning the interface layer comprises positioning the

removably coupleable interface layer adjacent to the fuel cell layer.

26.  The method of any of claims 22-25, further comprising selecting a property of the

interface layer by manually replacing the interface layer.
27.  The method of any of claims 22-26, further comprising automatically selecting a

property of the interface layer in response to a change in at least one environmental

condition proximate to the fuel cell layer.
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