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current-carrying |layer 13A into an anode catal yst
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an oxidant (e.g. air or oxygen). The oxidant can pas
through a porous current-carrying layer 13B to access

cat hode catal yst |ayer 14B.
Background

[0003] A conventional electrochemical cell 10 is shown in Figure 1. Cell 10

may, for example, comprise a PEM (proton exchange membrane) fuel cell. Cell 10 has
a manifold 12 into which is introduced a fuel, such as hydrogen gas. The fuel can pass
through a porous current-carrying layer 13A into an anode catalyst layer 14A, where
the fuel undergoes a chemical reaction to produce free electrons and positively
charged ions (typically protons). The free electrons are collected by current-carrying
layer 13A, and the ions pass through an electrically-insulating ion exchange membrane
15. Ion exchange membrane 15 lies between anode catalyst layer 14A and a cathode
catalyst layer 14B. Cell 10 has a manifold 16 carrying an oxidant (e.g. air or oxygen).
The oxidant can pass through a porous current-carrying layer 13B to access cathode

catalyst layer 14B.

[0004] As shown in Figure 1A, electrons travel from the sites of chemical
reactions in anode catalyst layer 14A to current-carrying layer 13A. Protons (or other

positively charged ions) travel into and through ion exchange membrane 15 in a
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[0004] As shown in Figure IA electrons travel from
the sites of chem cal reactions in anode catal yst

wo aysnoeb4A to current-carrying |ayer 13A. Pr ot BOIECA005/000669
ot her positively charged ions) travel into and through

diredtion eppokite e thedipeaing difcledtradiloac BleiramRresletRdti chfient-
direction of electron flow Electrons collected in

carrydug fayier d3Ar tyave) theppeh abIxtemalercuinl® tgtheaporews enmeht-carrying
circuit 18 to the porous current-carrying |ayer 13B on
layer; 13B ep the e grgsidsrofcasl] 10 dn sueh seldsh elastion, flew eodrion flow

ocouy é%?q?%ué SRR P ergions éﬁs%?éﬁ%ﬁ%gq%&‘éﬁﬁﬁk E?gm@ﬁéqulardo the
. ' 15. [0005] Ca t
plan% ggéﬁsé%ﬁﬁﬁé%%@%?sggen?duglangp'eci eg con}juct |t \a/leyS

(i.e. they nust provide conductive paths for the flow
of both electrons and ions). lon exchange nenbrane 15
[0005ust  beCatahigt Riyepeld £and ddBIGEVSe (dudt spédicsBSIAREVE? (i.c. they
ions to flow while providing electrical insulation to
mustgrovideiaondnetave paths forcihe v ofigotif cleetronsif)d idnSNOKIn exchange
Many el ectrochem cal devices include some form of
memBEsULd BesHbR single snegtes senduetiveudicoit mustipermdt ioas ty flow while
urrent a froma catalyst |layer. This. conprom ses
provighie Elsbinfied syl iRntorBion fismabiiastchouiineconon b
sites, and introduces a difficult material challenge.
Further, there are manufacturing and cost issues

[000618SOCI a8y Metcﬁot:ﬁglmc%? h%b%in%ﬁudees%‘f%?gﬁngéf; ﬁ(‘)’l%'ug %&n&ductive

'ayers. A Taj or pr em I n desi gni ng or man

react@htatitfuoinentdial toatlycur®nt @why RO @ AHITRNAy&GaTh dnpromises
| ayers which permt current to be passed into or

the ahility tir tramsfororeattaatsctel the whialyst presyiantl ingodwrs taaditBedlomaterial
enter the cell and products of the reactions to be
challenges Varther, dheterpse seanufaqtoong pndeest issies nesaciated avithutie

. of fyel cgell.research and devel o nt. that has, been
inclugignetaeastan i HIER ol s ERE PEH SRein i iemias i ghgrerformance
I.chent 0 ] celds that. can b
lecBi i S8 P SR T J B cuenc o
passed into or withdrawn from the cell while permitting reactants to enter the cell and

products of the reactions to be removed from the cell.

[0007] Despite the vast amount of fuel cell research and development that has
been done over the past decades there remains a need for more efficient
electrochemical cells that can be produced cost effectively and which provide

improved access for reactants to the electrochemical reaction sites.

Summary of the Invention
[0008] The invention relates to electrochemical cells such as fuel cells or

electrolyzers. Some embodiments of the invention have application in electrochemical

cells of other types such as those used for chlor-alkali processing. Some embodiments
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i nproved access for reactants to the el ectrochem cal
reaction sites. Summary of the Invention [0008] The
WO noosnodoss rel ates to el ectrochem cal cells supdT/@a2005/000669

fuel cells or electrolyzers. Some enbodi ments of the

of thieriwestiticanproaide eppirdctainiioal doll lﬁ#r@t%tobﬁﬁﬂ%%g Arafebf fdWidual or
ot her types such as those used tor chlor-alrkalt

“unipresdlsssi ng. Sone embodi ment sof the invention provide
el ectrochem cal cell l|ayers conprising arrays of
i ndi vidual or unit" cells. [0009] One aspect of the

100098t <P Bafet SR iy %3&?@@%&'@%&%{%&% st
co R O Bk Rl TRk bRl e Ao PR OBl FGFBh Tayer on

. r, : it .
e ver had up of mor e acar i Hhy SOupr S Aapg T unitary

constructiamge mBnbompeseacoapmpite der htideaPdPindre thaB RleGhaterial.
exchange nenbrane. An electrical current-carrying
The ionrexshange membsare may qemprisenfurdxasplarepaton bechange

| ectr.ochenm c reaction |ayers. [0010]  Anot her aspect
memgf frf%élﬁ ﬁ%@ﬁ‘tc?‘ HIEFH AN Sy ectikesatdpast és pagrunderlies one of the

. Lcal |ls. A core assenbly conprises an
dedﬁ%%@éégﬁggggﬁﬁﬁﬁggghe; an el ectrically conducting
el ectrochem cal reaction |ayer on at least a first
side of the ion exchange nenbrane; and, an

[0016] ect rigabth¥r sGRAL6E ‘@h‘éeln%ﬁtl(ﬁllnﬁr&/?dersﬁo?@as%fehﬂﬂfeﬁrﬁ)ri n

el ectrical contact with the el'ectrochem cal reaction
electtamhemicahiwetisit 2 costindsanblptompeised acionosfbahg@membrane; an
reaction | ayer overlies at |east a portion of the
electrigglheeandugting ielrgtrachemicnl ecadtion lagermn atrleastra fispside offthe ion
the invention provides, ngthods for operating an

exchans PO aal Abplecirisalli-opdnerie SR sBRS Sirastity in
elect@0al Yofifikct %ﬁleﬂll]ece"l%ctrco%lhlemical reaction layer. An outer surface of the

electrochemical reaction layer overlies at least a portion of the current-carrying

structure.

[0011] - A further aspect of the invention provides methods for operating an
electrochemical cell. Such methods comprise providing an electrochemical cell
having: a catalyst-containing electrochemical reaction layer having an outer face and
an inner face; an electrical current-carrying structure underlying the electrochemical
reaction layer at least in part; and an ion-conducting layer in contact with the inner
face of the electrochemical reaction layer; allowing a reactant to diffuse into the
electrochemical reaction layer; allowing the reactant to undergo a catalysed
electrochemical reaction to produce an ion at a location in the electrochemical reaction

layer between a surface of the electrochemical layer and the current-carrying layer;



havi ng: a catal yst-contai ning el ectrochem cal reaction
| ayer having an outer face and an inner face; an
webk@stiogocel current-carrying structure under| yPOyCAR®S/000669
el ectrochem cal reaction |ayer at |least in part; and
and, atoivimg theniduad ithgel aythe ibn-coadtasig WykPalols a pHIR thdt398ids the
of the electrochem cal reaction |ayer; allowing a
currgn£etIMg stouakinfef use i nto the el ectrochenical reaction
| ayer; allowi ng the reactant to undergo a catal ysed

el ectrochem cal reaction to produce an ion at a
l.cal reaction | ayer. between

cati I.n the el egtroche
10013725 Bt 8Fects PEMIC G RBE and Fejuics @ apesiic embodiments of
5 the iﬂgn‘ilﬁﬂtefréﬂ%éﬂ Ay&r;and, allowing the ion to travel
to the 1on-conducting | ayer along a path that avoids
the current-carrying structure. [0012] Further aspects
of the invention and features of specific enbodi nments
BriefoDesdnptionvefithe Drastiggsdescri bed bel ow. Bri ef
Description of the Drawings [0013] In draw ngs which
[0013) | ust rlatdsawings whichiiHysteatb adnstEmitingémbodimenveof iherinvention:
Fifqure .1s a cross-sectional schematic diagram of a
prit8yCay 5 %P@é%‘ﬁ%@mﬁé@lemﬁ@lq diagragn o€ a|paior artaglectrochemical
I: enl arged schematic view of a portion of the cell of
>Figure 1; Figures 2A-D are schematic views of unit

. t o i . . i f,th .
by A i ERBSPLALRR IT RILS hhd ot
elRigltes 3e\-Braersdhadatio vaslyeobasdt BB "strﬁtfztukf%eadcﬂi’(ﬁﬁg te"

Figure 4 is a schematic di agram show ng el ectron

embodimetnis afdhelimtentionpat hs accordi ng to an enbodi nent of
the invention; Figure 5 is a schematic view of a unit
c &iigurstd i whematie shiagirag obamelsttrede according to an embodiment of

10 cel

15 the invention;
Figure 4 is a schematic diagram showing electron and proton conduction paths
according to an embodiment of the invention;
Figure 5 is a schematic view of a unit cell structure according to another
embodiment of the invention;
20 Figure 6 is a cross section through a membrane electrode assembly of an
alternative embodiment of the invention wherein unit cells are connected in series;
Figure 6A is a schematic illustration showing current flow and proton flow in
the membrane electrode assembly of Figure 6;
Figure 6B is a cross section through a membrane electrode assembly in which
25 unit cells are interconnected by current conductors embedded in a substrate;
Figure 7 is a partial plan view of an electrochemical cell layer having an array

of hexagonal unit cells;
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enbodi nent of the invention; Figure 6 is a cross
section through a menbrane el ectrode assenbly of an
w@bkdsnmars ve enbodi nent of the invention wher eP@I/UARG5/000669
cells are connected in series; Figure 6Ais a
s chigueds 8A] 8B usidrSC by respsvtively sohenfiic VibRWsBERinY ot on
flow in the nenbrane el ectrode assenbly of Figure 6;
electrphemicgR dlklagersimyingse phuralityt dfrunigeells commbeddn parallel, in
. el egtrode assenbly in which unit cells are
Serle?ﬁ?éﬂ’&é?ﬁﬁ%scp@@uﬁy current conductors enbedded in a

oIBR8 T bl Vi of § iBuBEikyPlngS o VbR jindtoels according to
the im&:lqﬁé}épgldtis gLys; Figures 8A, 8B and 8C are

respect schendtic views showi ng el ectrochem cal

cefiputeal@ isarh8xplodedviRhHORA ] cRll diRide &%b}m‘ﬁpg ?Qﬁﬁ Chitfbdiment
in parallel, in series and in series-parallely Figure
of the inwension; de vi ew of a pleated structure on which unit

cells according to the invention may be disposed;
Filjgpee 1A isbowa ths fred el devieow offFiguffeuld) incassemiiéad foem;

accordi to an enbodi pent of the invention; Figure
S Gietir L E s R 661 <ol dovika ket e h gapidior Sinbadiinent of the
inverfifeml ed form Figure 11 shows a fuel cell device
ECeor di ng to anot her enbodi nent of the invention;

Fi 5ReNg f L
o T SRk Pttt s S8k B i b G ment of
the inven#éioagsaid on through a fuel cell having a filter |ayer
overlying a catal yst |ayer.
Figure 13 is a section through a fuel cell having a filter layer overlying a

catalyst layer.

Description
[0014] Throughout the following description, specific details are set forth in

order to provide a more thorough understanding of the invention. However, the
invention may be practised without these particulars. In other instances, well known
elements have not been shown or described in detail to avoid unnecessarily obscuring
the invention. Accordingly, the specification and drawings are to be regarded in an

illustrative, rather than a restrictive, sense.

[0015] The invention relates to electrochemical cells such as fuel cells or
electrolyzers, and may also have application in other types of electrochemical cells,
such as those used for chlor-alkali processing. Some embodiments of the invention

provide electrochemical cell layers comprising arrays of individual or “unit” cells.
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Description [0014] Throughout the follow ng
description, specific details are set forth in order
wao eoopfiap7gle a nore thorough understandi ng of tPET/CA2005/000669
i nventi on. However, the invention may be practised
[0016] t hout Elcbtroehgaidal cell according @b bemel shsbcligRats ¥ethk invention
known el enents have not been shown or described in
havegethin layes cel sirtctuneathessinan eleastisalouirmegt-charyinpvsnichere. at least

. NP . , b
DS ) i S Lo e e et 2 & “esalys
ayer B oG KO0ERhaR0C rlNSRb} RAvER 8 Piyer on
. i cati in_other
cachEERERIOR 1o Yo ARLcAhSBPANSoAP AR, By Ll proron

exchefigofiretibtand. CEASRSEhPEdInRPE BN SRIMSp&nit BSnstruction of an
i nvention provide el ectrochem cal cell |ayers

electoanipniisilvglldayaynyfrising iavileiasity of individtal wet belld f248H on a
El ectrochem cal cells according to some enbodi nents of
sheet pfeionsxehangsmembsane matasialayer cel | structure wherein
an electrical current-carrying structure at least in
part underlies an el ectrochem cal reaction |ayer

L b R R e
constr@dfdn, Op n?@'g(’!br?%ﬁ'?e 5 Eﬁ%@g’gﬂ% 1 r%{) {r&ﬁe T g«#g'ﬂglee ﬂ&gﬁt&lg ﬁe}terial.

may conpri r exa _ on nge fmenbr
Somé&exdraples @footipreié straétuldyeart AESHEeATnRRE Bbfnmonly-owned United
construction of an electrochem cal cell |ayer

States patent spplicatiopl antigledt WHER OrSTRIUQEURETD MEBMBRANHSBND
n_a sheet of ion exchange nenbrane material. [0017]

ELEGHBQEHEMK gL e ERi SECH MEMBRANES” filed
concifBAY HeB9A NG S e AR e SOnp Bt o

of conposite structures are described in the
commonl y-owned United States patent application

[0018)nt | t | ethe’ ddnEiR IR HRERNMRMERA NS stietures in preferred
embodiments of the invention provides reactants with improved access to the catalyst
layer, and permits the construction of electrochemical cells which are thinner than
similar prior art electrochemical cells of the type having current-carrying layers
positioned on outer surfaces of the catalyst layers. Throughout this description, the
terms “outer” and “inner” are respectively used to refer to directions closer to and

farther from the center of the ion exchange membrane.

[0019] Figures 2A and 2B show unit cell structures 20A and 20B according to
alternative embodiments of the invention. Structures 20A and 20B are similar to one
another, and each comprise current-carrying structures 23A and 23B positioned on
opposite sides of an ion exchange membrane 25. Electrochemical reaction layers 24A

and 24B are positioned on the outside of current-carrying structures 23A and 23B and

-6-
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ELECTROCHEM CAL CELLS | NCORPORATI NG SUCH MEMBRANES"
filed concurrently herewith, which is hereby
wo pwsnporat ed by reference herein. [0018] The PCT/CA2005/000669
configuration of the current-carrying structures in
ion epchérgge mdnthrinee Srehe diffetehee betvRsdn Brmchirey 20A8Sand 20B is that in
reactants with i nproved access to the catal yst |ayer,
strucquirg 20k nutrentt-Ceerying strnciurésa2s Afand 268 sreqivsitioneld aretheuter
whi ch are thinner than simlar prior art
surfages of isenahienge mesnbrang 25; while yp strnewrag0B current-carrying
urrent-c ing | aye osi tioned opn outer surfaces
strucjre; paa a3 ity aipbpddedrin s guiarsuriess abion Gyshaage membrane
25 the ternms "outer” and "inner" are respectively used to
“refer to directions closer to and farther fromthe
center of the ion exchange nenbrane. [0019] Figures 2A
and 2B show unit cell structures 20A and 20B accordi ng
[0020p al t eFigaids\XC eA® ol sHR sinRicell REUCHEM 0@ Und 20D accorging to
Structures 20A and 20B are simlar to one another, an
furthenalternatipe embodimerenof der inyenost Ihutiietas 2084 canén23Brying
positi oned on opposite sides of an ion exchange
structiras 23AamiR23B-pescformed e @ substrate30.0Bubstyate 3044 Aomsiriicted from
24B are, positioped on the outside of current-carrying
anorgpg@qgmgsmgtgma nd 23B andi on exchange nenbrane 25.
The difference between structures 20A and 20B i s that
. in structure 20A current-carrying structures 23A and

B ar L1 e . . .
100265, o SRS AR bR 05000 i illed it an
ion-coHdtietig Satdritl NThetibhlebHARSimMafith] 435 HrSp gt dmer or

in the outer surfaces of ion exchange nbrane 25.

electiddpeGpiteblgupeke 2fhlicatiodD Hitoontovnducthg nitéridltiiieexRpE
and 20D according to further alternative enbodi ments

outward toribe iomtesredigen of Furrentreaerying st@dures23A and @3B tpi fogm ion
structures 23A ?nd_ 23B are fornmed on a, substrate_ 30.

eXCh%L&fs‘%lP%lﬁ?éa@ozﬁ of wpih el stpetre 2086 dniibe ilbustated embodiment,

openm”agtﬁ {sarlound, but this is not necessary. Opening 32 may be of any suitable
shape. In some embodiments, opening 32 is long and narrow. In some embodiments,

each unit cell has a plurality of openings 32.

[0022] In some embodiments, openings 32 comprise a pattern of openings,
which may be microstructured openings, as described, for example in the commonly-
assigned application entitled “MICRO-STRUCTURED MEMBRANES AND
ELECTROCHEMICAL CELLS INCORPORATING SUCH MEMBRANES?” which

is referred to above.

[0023] Examples of materials that may be suitable for substrate 30 in specific
applications include:

. printed circuit board (PCB) material,

-7-
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[0021] Substrate 30 is penetrated by an opening 32.
Opening 32 is filled with an ion-conducting naterial.
wab@sileqesgonduct i ng naterial may conprise an i BODEAL008/000669
el ectrolyte suitable to the application. The
* i gpolpamitecfiimg material may extend outward to the
outer edges of current-carrying structures 23A and 23B
*  t ddlpipidedimsxaichrngKaptot™ne 25 of unit cell _
strLict r 2(%%. In the illustrated enbodi ment, opening
* 32139¥etr‘8§1‘?8,18{% this is not necessary. Opening 32 may
b Fw,y ui tabl e shape. In sone enbodi nents, opening
) ng‘?(}io on%ﬁlasnd narrow. I n sone enbodi nents, each unit
e« C ity of openings 32. [0022] In sone
eqn%%%i It%s??lﬂglrgnlghi ngs 32 conprise a pattern of
«  opehifoged cUMpERitERNatEEaRIsGER S Fbeddlh®d openi ngs, as
descri bed, for exanple in the comronl yassi gned
*  appiteklgtionpelynicr neatetislk GREh 83 RUCOWRERIAGSNVBRANES AND
ELECTROCHEM CAL CELLS | NCORPORATI NG SUCH MEMBRANES"
In sopge; apwlicatiprs i iy advantagasny hat[sobstsite BOepflexible. In such
.materi.als. tha y be suit e for substrate 30 in
aPPllg%b%}Sflfts %f‘ﬁbqai’keanﬁ% sfratg ﬁg{ae magle; titasexiblematerisbar d
(PCB) material,polyande films; polyimde filns such
as Kapton(tm, polyethylene films, Tefl on(trrz fil Irrvs
t her I [ i . ng: al s
100248 0 2R pHTPLurp 20D cugt it B HAE SHEEERESE & Al R f Formed on
protofiWoRdastisg iefthtafé 28laA8here is no substrate 30. Structure 20D differs

from structure 20A in that current-carrying structures 23A and 23B project
respectively through the outer surfaces of catalyst layers 24A and 24B. A structure
like structure 20D may have its catalyst layers 24A and 24B divided into isolated areas
by current-carrying structures 23A and 23B. Structure 20D has the disadvantage that
the exposed surface area of catalyst areas 24A and 24B is somewhat reduced in

comparison to structures 20A, 20B, and 20C.

[0025] In each of unit cell structures 20A-D, current-carrying structures 23A
and 23B underlie portions of catalyst layers 24A and 24B respectively. In the
embodiments of Figures 2A-C, ions liberated at reaction sites which are over current-
carrying structures 23A (or, in Figure 2C, over substrate 30) are blocked from flowing
directly into and through ion exchange membrane 25 by the shortest straight-line path.
Ions liberated at such sites must take longer paths to reach catalyst layer 24B.
However, by appropriately positioning current-carrying structures 23A and 23B, the
thicknesses of the various layers and other dimensions (such as the width D of opening

32 in Figure 2C) one can achieve a situation in which the lengths of paths taken by
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In sone applications it is advantageous that substrate
30 be flexible. In such applications it is desirable

w0 bas/1e0st rat e 30 be made of a flexi bl e nmat er PElr/CA2005/000669
[0024] In structure 20D, current-carrying structures

ions 284 ebsrtrod8 Branet Y&k maclolonperthan coprdueihdif gﬁﬂ’['ﬁ:‘h in
25 and there is negysubstrgfge 30. Struig?:ureg oD differs

comparehiesprierartielecttaivticreellsat current-carryi ng structures
23A and 23B project respectively through the outer
surfaces of catalyst |ayers 24A and 24B. A structure

i k t t 20D .h It tal.yst layers 24A
002k} 5 b T LB A Y S8 20 o

prot 0 A AP R U R B P B R RS i e

preséiRe@®NsabstPit639. 24A and 24B is sonmewhat reduced in
conmparison to structures 20A, 20B, and 20C. [0025] In

each of unit cell structures 20A-D, current-carrying
structures 23A and 23B underlie portions of catalyst
[002Thyer s 24paturaioPstBictas @A thrbygh 2OCtib¢hatthe dunmentcarpfing
Figures 2A-C,_ions |iberated at reaction sites which
struchirgs 33Arand 3R ArenetipnAEed te be porays begausedi js ot rRicgssaey for
ZCT;s over ﬁzﬁbsn te IBOZl are bl ocked fromfl ow ng
reactgils 40 pays Throush hese ABEIYEES on exchange nenbrane 25 by
the shortest straight-line path. lons |liberated at
such sites nust take |onger paths to reach catal yst

[0028pYer 2ABackaWaNEtuel leléﬂﬁg%ggdgﬂgﬁgxg g@ia{e{@i‘ by Qither providing

current-carrying structure

currehtrcaip@pseticaires D8 AVaId 23B thakes Somathrfoae a@%&ﬁ%ﬁﬁﬁﬁ'ﬂ ells, or
(such as the width D of opening 32 in Figure 2C) one

by electricaldyioroansitingatiroenticarming stradtardse@3t bf adfac@@tdesls and
taken byions and el ectrons are not very much | onger
currephaATEGErésbHEs dhaf adjeeenjtoes. Adjanepanabiicellpmayralso be

art._electr tic cells. [0026]. The enbodi nent of ) )
electieafly ’éO_E‘é?Cf JF%H&H%WW Flo i 2t paserihe mypthe epnnseteddn series,
as dis%glggqlﬂf’tlsé%g@fﬁgﬁ:rgﬁtger{c%eto 'quﬁr%g%ea%drg?ﬁ.rﬁrélct%aéal {s%%gc?o%ngfs it 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.

[0029] Optimising catalyst layer 24A to promote reactions does not always
result in the highest electrical conductivity in catalyst layer 24A. The materials used in
the catalyst layer may not be extremely good electrical conductors. However, the
losses resulting from the electrical resistivity of catalyst layer 24A can be minimized
by laying out each unit cell so that the distance between any point in catalyst layer 24A

and the closest part of current-carrying member 23A is small.
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presence of substrate 30. [0027] A feature of
structures 20A through 20C is that the
wa@evosamorear ryi ng structures 23A and 23B are nBCT/CA2005/000669

required to be porous because it is not necessary for

[0030pact anFer ¢xanpglssint sunoeigibblizsents of ued imkestiod BR2Bhgest path
Adj acent unit fuel cells may be connected in paral fgel
lengthyirein: anyr pgintwiithimeitherraatalystdayeny24dg 4B tocthercesredénding
and 23B that are _commobn to the adjacent unit cells, or
currqili-Carry g merthey 234, 28Bois fe@t-n elber embodunents.rife longest path
tructures .23A.0f adjace cells and current-carryin
tengrl B dtbatointuiGin S LRy Sday 24 it D sortcbondin
X [V A t fro ne. angt her, in
curr Xyt BRplel 23, 238 1 0SB Ve SORRLBistagert e aldd
c e r r @S, . .
POl B LT e BRR Relesds B il 160Es BRoctated with
electricaMiutesht kyndediiter inttbie Raraly e eyed! Hovwwdled! dSthe sBViffure becomes
non- conducting electrically, by making a catalyst
smallesyibe vilgmo tiakemugqueurirenti dasrying tieaiterd23 Ap2BBUncicass! ihs
and/or by providing electrically insulating barriers
propesgionedethe welume of tie gvesell geneives anfobe spacepefiiviancyof the
" é}at al yst .l ayer 24A to pronote reactions does not
SUUCIHIRSHR SPEELI ¢ in the highest el ectrical conductivity
in catal yst |layer 24A. The materials used in the
catal yst layer may not be extrenely good el ectri cal
0 nduct : i .
Ot T Hegre LB iRles, { S QR B LRSI A ol Ao Bpating the

potentiabideo eflab¥lecayio 34 Euthicatay Wel dithee hh af8dé bah chiiRde).
di stance between any point in catalyst |ayer 24A and

Electrode 34 osmptisgma cuméntecarrydng stractuyé DFArteivires a 2Bif éfSion exchange
smal | . [ 0030] For exanple, in sone enbodi nents of the
matefigh &3 ithreithand eniglyst lapen 24A dligposed puisiderthersnifntOnly the portion
ithin either catalyst |ayer 24A, 24B to the ) )

of calglysf Ly %ir‘lnﬂhlfﬁli‘rlls SROVE SRRGPGARERG Situce 23Ads depisted in

. embodi.nents, the |longest path . length from )
Figuidl, BEofbAE3ART RORHERY Sonodln SO epontBieclcSaila ot fabwn in
Figuie¥) #SRPOReN Surface of an ion exchange mermbrane (not shown in Figure 3)

which may or may not be a composite membrane having substrate 30 embedded
therein. In the Figure 3 embodiment, current-carrying structure 23A comprises an
annular trace, wherein Dy is the outer diameter of the circular trace, T, and T, are the
thicknesses of catalyst layer 24A and the circular trace, respectively, and Wy is the
width of the circular trace. In some embodiments, thé ratio of trace diameter to trace

width (D,/W,) is at least 10.
[0032] Current-carrying structures 23A and 23B are constructed from

electrically conductive materials. The following table lists some suitable materials for

current-carrying structures 23A and 23B and their electrical conductivities:

-10-



10

15

20

25

current-carrying nmenber 23A, 23Bis 0.5 mm Even
smal l er dianeters are al so possible. In general,

w0 e@aaodegs t he di aneter decreases the ohm c | 0SBEFCA2005/000669
associated with electrical current conduction in the
catal yst layer. However, as the structure becones
smaller the volune taken up current carrying nenbers

29%, 230 SIAGERE® L1 ProPr | Praie e KSRl I m

Ll stiil e and the spare-ge

Purgt@@yre can suffer. [0031] F|ggge 3 illustrates a
ppproxiamting the

Pure@@igti al drop of an el ectrodel $45(whi ch may be either

a—aRotde—er—a—cathede)—FEect+pde—34—conpri-ses a-
Pure Nickelt - carrying structure 23A hgaging a skin of ion
la b ar i ol LA + by Ao ad—eatal vact | aviar 24A
cALITAlIlgyc1TmatrcrTal ZI7\v it T 11 o catT™l .y\.n oty o [ —un y oy
PurdiPdgtiraad out si de thereof. Only[ 006 portion of catalyst
Fayer —24A whith—Tsabove current=—car+y+hrg—structu+re

TinA38de € Suep; appditdi witkiadl@elaser)H @008028 34 is
poSit1oned oppoSite a corresponding erectrode (ot
shown in Figure 3) on an outer surface of an ion
exchange nenbrane (not shown in Figure 3) which may or
[0033hy notApg electidegllystandustivid materidla wiaycesudesit toaoasidct current-
enbedded therein. In the Figure 3 enbodi nent, ]
carrying ?fé’mwsf‘ér%i/% ARd 288y dnomeanbedimants eyrgnt-gampingrstructures
.S the outer dia

| f the
234 hB 286 0B e Fomh el ok b e matloda Beeiprwvith or are

con MDA RN P IERPCHE S RTREOS Gigr™ Americ
Inc., Waggngtbh, E@[@vaﬁ*@?ﬁ?t@ﬂie‘g’ ebi8€cdrBddiOn OCokfoRdfdh can be a problem
di aneter to trace width (D7/IWr) 10.

7 ry i1s at | east

wher] fi@8lic Condwuibrscae ugedin slectiothoneisalPSMNsanad A38 cell$in particular.
constructed fromelectrically conductive materi al s.
The ames sesttional dignensions ofl @rensoarying staichees@8Ar il 23B can be
rying structures 23A and 23B and their

t- , , . .
Choséij Eé%%ﬁu %gﬁ%%c,te% GeEent desaedto g sprimtland Bralpetaicallosses which
are dg%ﬁg‘i%&%&?@?h‘g%ea&%igﬁy be used to construct

[0034] Current-carrying structures 23A and 23B may have thicknesses, for
example, in the range of 5-75 pm. In some embodiments, the thickness of current-
carrying structures 23A and 23B is in the range of 25-50 pm. Current-carrying
structures 23A and 23B need not have the same thickness. Where current-carrying
structures 23A and 23B comprise annular traces, the traces may have a width of 5-200
pm. In some embodiments, the traces may have a thickness on the order to 5 um and a
width on the order of 25 pm. Current-carrying structures 23A and 23B can be formed
using any suitable techniques. For example, various printed circuit board fabrication

techniques may be used to form structures 23A and 23B. Laminating, PVD, sputtering

-11-




10

15

20

25

structures 23A and 23B. In sone enbodi nents,
current-carrying structures 23A and 23B are
w@omsiioact ed fromnetals that are either nobl eP€DCh2®5M00669

with or are coated with a suitable material (Such as

and platingarg exgmples wf &EOG @3l that(hay bémeed gRmelordn combination to
W I m ngton, Del aware) so that they resist corrosion.

make¢the a¢esn can be a probl em when netallic conductors
are used in electrochemcal cells, and fuel cells in
particul ar. The cross sectional dinmensions of

0SS | AT 0 eSS 008 i
condenh sl e D AT R PRSTRHREGRTEL B et o

whicA3Beyraie diapRytdi (kRessiR%re chstoﬁ@é cﬁogéx‘i‘-fﬁaﬁ%& PESPAR cells).

5-75 nm |I'n sone enbodi nen the thickness o
Catalyst lagatscatA whd @48 mag congsise 3hy anse 888etBoddlalybesuiBUEror the
of [ 25-50 mm Current-carrying structures 23A and 23B

appligatéen albhandaVieatalyst layers 24 akd 4B mupieomprise electrically-
.rent-carrying structures 23A and 23B conpri se
Condﬁa‘ii\(ﬂ Boroys éE%%r,egtméN & Jpalstiphsy fos sxampley Hemtfusi cellotie catalyst

L N E R W ———
en gl o UG LR ESnRnpprr

powdxAPVDE, porddéroBectPsd Riyagi T giiddr, ARRLHCHR %52‘%%31%‘?}’3&?3 The

t echni ques may be used to form structures

carbdpeiaclamaygonipriye apywuitablafinslg divided earbvnemeraialkésh & one or
techni ques that may be used alone or in conbination to

morepfiasctyine blaeke sarbpopempoditery sarboamymaesead darbod ri24Btubes,
may be constructed frommaterials which conduct both
carbogy PAACISd the ions formed in the reactions which
occur in the cell in which they are enployed. (The
ions are protons in hydrogen-fuelled PEM fuel cells).

[0036fat al Y§h sbR¥@hhadtfed ; ggtégrrsfrfaﬁ/gi:sofm& 258 24 aleYBEm8l of

el ectrocatal yst suita
materials having electrical conductivities in the range of 50-200 S/m. Each catalyst

layer 24A, 24B may be made up of several layers of different compositions.

[0037] In some embodiments, catalyst layers 24A and 24B have thicknesses of
250 pm or less. In some embodiments, the thickness of catalyst layers 24A and 24B is
about 10-25 um. The thickness of catalys layers 24A and 24B may be about 20 pm,
for example. Catalyst layers 24A and 24B need not have the same thickness.

[0038] Where ion exchange membrane 25 has a composite structure such as a
structure iricluding a substrate 30, substrate 30 provides mechanical strength to
membrane 25. The presence of substrate 30 permits membrane 25 to be made thinner

than ordinary proton conducting membranes. This decreased thickness can compensate
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application at hand. Catal yst |ayers 24A and 24B nmay
conprise electricallyconductive porous sintered powder

woreaosno@ls, for exanple. For fuel cells the cap@i/garo05/000669
| ayers may conprise platinumon carbon, for exanple.

to atlleass someatvgest fornhe mogat@ysis ﬂa@ﬂﬁa&eﬁ% DS WA are
conprise m xtures of carbon black and one or nore of

liberptedrt povadions WhHICE appaotsimmediately adjdy entrtotapertpresdarsubstrate 30.
and S|I|con oxi de. powder. The carbon bl ack may

In So@éﬁrﬁml 9 dimaents.dhie thiskaessi Qféh?mbraned?&jlsdaﬂb@mnmt(ﬁ"rab@ut 5 pm to
f a | e e bl ac carbon car bon
oo B50,8%. 8 BB She 53R ol

nanopart| cles . [0036] In sone enbodl nents catal yst
| ayers 24A and 24B are forned of materials having

[003%1 ectripghr&an H%'a‘ﬁ ASESZ%&IH@C{) Qﬁeﬁﬁiﬁg or HIEO‘O

cat al yst layer e up of "seve

anotmamtsodaﬁleﬂt bf ﬁfeemeﬁ@@m OBJin csénsSm{caﬁ%bloﬂ EorisPifltes a PEM fuel
enbodi nents, catal yst |ayers 24A and 24B have

cell thhcshbsiszﬁe§0dfavﬁfg)a pharality @&Spenhmgssm gzﬂ’@ﬂﬂi ¢®hafige material
the thickness of catalyst |ayers 24A and 24B i s about
fills qeniBgnd? amd éutrnundmmtr@te taafors oayexchageimentbradd?2 5.
e aboyt mm for ex | e. Catal yst |ayers 24A
F lgu%ﬁq% VES Ra g %P@t?%(lggprféomﬁhm@rﬁé@glp le peEpn\aites 33A,

33B | @ﬁ?ﬁfc 1n caga(‘“aly%‘j ?lf‘% 8? atg&%bua f@gp @1?' ; e}blsotgzp% grrlg% membrane
2 0 A S O A T

F1gu1t604 BRoMeRsithé Eﬁﬁ"s t&lt@ﬁbe%él‘ébﬁ ﬁé’ gepg BoAlr&RRdH S tE?g%A 33B and

nbranes. Thi S decreas thic can conpensat e
33C a:t chreastcaa0/iBg dRgstace 2BA, ARE fi0R1 Surr il d4@HAnP §&ﬁ§tu¥@ﬁ§l§ to

by protons mhlch are liberated at |ocations which are

reactiot sites133d), X3H gnddBBcent to apertures in substrate 30.
In sone enbodi nents, the thickness of nenbrane 25 is
in the range of about 5 mmto about 250 nm The

[004 hiafrgrgl‘?%ar? [)e rsrgé}lb fat ro%nSrerle% 1or? gltg %%Kt ar12 Sglrin thef: glrectron and
proton paths through catalyst layer 24A are roughly equal in length. From reaction site
33A, which is over current-carrying structure 23A, the path taken by electrons through
catalyst layer 24A is shorter than that taken by protons which must detour around
current-carrying structure 23A. From reaction site 33C the path taken through catalyst
layer 24A by protons is significantly shorter than that taken by electrons. In the
illustrated examples, the paths taken by electrons and protons in catalyst layer 24B to
reach reaction sites 33D, 33E and 33F have lengths similar to the lengths of the paths

taken in catalyst layer 24A.

[0041] The paths taken by protons through ion exchange membrane 25 is not
equal, due to the presence of substrate 30. The protons must detour through openings

32. In the examples illustrated, the path taken by the proton travelling from reaction
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[0039] Figure 4 shows a portion of a unit cell
structure 20E accordi ng to anot her enbodi nent of the

WO poosnodoss. Unit cell structure 20E constit ut eBCEHCRENG/000669
fuel cell with substrate 30 having a plurality of

site 3@ 0o rgwtidA sitéd I3Eohathe xhbaeglisaacy thadbugh {dnsex@ReREEembrane
32 and surrounds substrate 30 to formion exchange

25, whikbiherpatlz sakeni yuthe prosmaveyeblan g fronakeaotiby site 336N reaction site
gg@ fromthree exanple reaction sites 33A, 33B and

33F haythedopgesiidjsiangefhspughiansixchangemendra@e25: hr ough
i on exchange nenbrane 25 and into catal yst |ayer 24B
to three other exanple reaction sites 33D, 33E and

008", FRAEIA b I T i S
catal?éﬂtrléﬁé}tzcﬁﬁ?ﬁ?%!té}% ald L) %?@1 {lﬁﬁﬂinfa%e‘ﬁ%}allystl Samsgirection

current-carrying structure 0 redaction

e.g. I8wnavild 38 FigreQ Qb gkt froanthRacs@Rth $ifttdvht if
(o2 site 33A andg SSth hegbel ectroneand prlot on %ﬁ?ﬁggﬁﬁlgﬁgﬁedto

the condudtgsthat siblcagzAheme Lrikewisey thecpoalductive spgsids useddmihe
reaction site 33A, which is over current-carrying
reactigns ia catady s dayer 248 bethrlowi e gensrally gae same dirhetiom fe.g.
than that taken by

cat al.yst. | ayer. 24A_.is shorte . [
dowiiFsh3'igHiEd threst Tk D Coidogind 16 e EeLioRSHgi g

structure 23A. Fromreaction site 33C the path taken

t hrough catal yst |ayer 24A by protons is significantly

[0043jhor t e'Fi%ﬁ‘ﬁanS EMT Eﬁléfe{&ﬁll&fh&hﬁc%i E&E ?éar}/et96tec:agné:{r%s(i)1}%t\%% ynit cell

i'llustrated exanpl es, e paths ta

structured 20B. [ t1eAFiduyS 5 ehtRlimeAB cbR 152236 i %&%écfﬂoﬁi %es
33D, 33E and 33F have lengths sim’lar to the | engths

nonceiidudtiagphetis26 athéch has bamakemed tagem Rdiion-08hictihBgegions
at hs taken by protons through i on exchange nenbrane
27. Sheef 36 meny, dojueamplaebe eonstaicdeafancepaymenbs$ tetetfhiodethylene
h openings 32. In the

and oL ek 1% et ST i i
R AT L R RN R THECL S S
form mbﬁ&fcting regions 27, as described, for example in the commonly-assigned
application entitled “MICRO-STRUCTURED MEMBRANES AND
ELECTROCHEMICAL CELLS INCORPORATING SUCH MEMBRANES” which

is referred to above.

[0044] Current-carrying structures 23A and 23B are placed on opposite sides of
sheet 26 around the periphery of each ion-conducting region 27. Current-carrying
structures 23A and 23B may be ring-shaped, or may have different shapes. Ion-
conducting skins 25A and 25B may optionally be placed on the outer surfaces of each
ion-conducting region 27 within current-carrying structures 23A and 23B,
respectively. Ion-conducting skins 25A and 25B and ion-conducting region 27

together form ion-conducting membrane 25 for each structure 20F. Catalyst layers

-14-



10

15

20

25

25, while the path taken by the proton travelling from
reaction site 33C to reaction site 33F has the | ongest
wale@samoes t hr ough i on exchange nenbrane 25. [ ORPERLARG05/000669

can be seen in Figure 4 that the conductive species

24A gad 4B & fonmedioal this butergarfaedPof QRS structures 23A and
el ectrons) both flow in generally the sang direction

23B @ad gon-dondweting skinF25ArandDSR forgach fofeglltshactieec20PN In the

..., Site where they are |iberated to the conductor that

illustgpter ezahadiment watalystdayese 24 Arand ARl fort éach cefletivetura 20F are
in the actjons in catalyst |ayer 24B both flow in

formgd sepafaialy( Hlovecisp sl salyeidayer Howaaeldceavir ngside of both

e romthe conductor, to reaction site.
strucfilieh 3pehnd BROBLE SRbR AR ol R ALIE s &l i o sids of both
DE [ I .l nnthe Figure
strucGREEAOE el nichiry 20K ard}S BE bR bl
nonconducti ng sheet 26 which has been treated to form
two ion-conducting regions 27. Sheet 26 may, for
[0048Kkanp| aeighboring tinitateld nedy be elepi@icuitprisalited from one another. In

. tetrafluoroethyl ene and perfluoro-3, _ _ _
this @seiitois poasiblst thyalectrigaliy insengoinent ithe imid cete i( adrangermanta other

e T B i B SR S

i TSP R s 55T R SR s 20
n N L LLS

o o O IR CITR MR M L TR s o

a cro§dguction[tRidrgh (Gyuirt 67 hn SRICEAOCREM ) HEIl }HQ/%F 48 %Q‘Xgrﬂtgl% é%%mber of

are placed on opposite sides of sheet arou
unit qedisi42here yonhedted in seresc Bipdine GANGIusB e BcRematically the paths
Current-carrying structures 23A and 23B nay be
takeny hynprodomgpand cleetroms/irhthe assimblyradiftigeteapes .
| onconducti ng skins 25A and 25B may optionally be
pl aced on the outer surfaces of each

[0046] In the embodiment of Figure 6, regions 44 are electrically insulating.
Regions 44 may comprise a dielectric material, an air gap, or the like. Regions 44

electrically isolate adjoining electrochemical unit cells from one another.

[0047] Current-carrying structure 23A of each unit cell 42 is connected to the
current-carrying structure 23B of the adjacent unit cell 42 by an electrically conductive

pathway 23C which passes through a via in substrate 30.

[0048] Figure 6B shows an electrochemical cell layer 40A wherein unit cells
are interconnected with one another by way of electrically conducting paths 46
embedded in substrate 30. Conducting paths 46 may be connected to current-carrying
structures 23A and/or 23B by way of electrically conducting vias 47 formed in

substrate 30. The conducting paths may be used to interconnect unit cells in series
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I on-conducting region 27 within current-carrying
structures 23A and 23B, respectively. |on-conducting

W@ RI08A06D3A and 25B and i on-conducting regi on 2FCT/CA2005/000669
toget her formion-conducting nenbrane 25 for each

and/catin patalle? vAFondah@thys 1A haydes df hdpenddR st f@ndBeting paths

on the outer surfaces of current-carrying structures
46 map he pnovid8@ imod on enbsiratel36t i ng skins 25A and 25B for

each of cell structures 20F. In the illustrated

enbodi nent, catalyst |ayers 24A and 24B for each cell

[004 ;{ gf;ﬁlgcptﬁ%‘e%ggﬁf%@ﬁsgergm :o? E@/rfgi %%&sﬁrhgtgeldeusing a
L AR e
carryl[?xgoaag]ﬁki{{g ?’%ﬂﬁt@%%v%gﬁl &Eﬁeﬂt%o@%oﬁ&? %élﬁ%fﬂ??tﬁ?gﬁ%iﬁé the surface

ring unit cells my el ec

area avadlableefbr fih@oelpRarcEBAS fiethe daﬁhlghiléyéi@%& dnd 24pOssi bl e
to electrically interconnect the unit cells in

arrangenents other than parallel arrangenents. Vias

may be _used to interconnect adjacent unit cells in
[005Q]er i es Unihclasgording o embarimpnts oif the #1viestian enay have any
ries, catalyst |ayers 24A of the series

GRS S BT B e B ) Bl S B s b5

cxanBIRSIL EL B4 B PRy S MRS R YA e
- . i | eSpy Fi

20D Ghpda Il S, SOMREFLESIBRIETIEL B Sy o

struct@res FPebiltse tdverbEwahseoihlystlaybl 34K 91 BesitdO 8 hittMative
t he enbodi ment of Figure 6, regidons 44 are

embodireents ithalihiy cehs it eloggatBd ghaps id4viniel acdiffienkion dlong a
. dielectric material, an air gap, or the |ike. Regions
principke axisds pigaifigantlyJengardhanip sransverse davensiomdireaiampié,tsuch

unit s i e hsad SR elteaisd ¢llieats, Cipmentodeioblcadclongtied
R T = T e T —
be at RALCH) PES BE BintdINAYIP t1nhe dasSaRS \hdt& dension.

[0051] It can be appreciated that various embodiments of the invention
described above (e.g., structures 20D and 40 or 40A) can be combined to provide
assemblies of unit cells which are electrically interconnected in a series-parallel
arrangement of any desired complexity. Generally available electrical conductors
(such as suitable metals) have much less resistance to the flow of electrons than do
generally available proton conductors to the flow of protons. Therefore, the conductors
which carry electrons can have significantly smaller cross sectional areas than do the
pathways which carry protons. Substrate 30 may comprise a multi-layer structure (as,
for example, a multi-layer circuit board) in which case, conductors for carrying

electrical currents may be embedded inside substrate 30.
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[0048] Figure 6B shows an el ectrochem cal cell |ayer
40A wherein unit cells are interconnected wth one
warwsheq79y way of electrically conducting patPGT/d&2005/000669
enbedded in substrate 30. Conducting paths 46 may be
connected to current-carrying structures 23A and/or
23B by way of electrically conducting vias 47 forned
[0052h subsFigures 88, 8BrendR(0 ducwivagiopapbssibleywing insehlichahe unit
i.nterconnect unit cells in seriesand/or in parallel
cellsyiptarsngnlb aray (inehis examploet very Soralbpaayl Bavingemdy d6 unit cells)

o S EESAGEBL B SR  ieSE1P4

. o A
oY 105 B8l T DR BEEL RS e o
currégig g ANGA Bk ¥atd16 BRRG! thy n{a?&ghﬁlecﬁi‘ 1 on%q{rﬁteégllr)één open

I'Tection systemw thout reducli ng the surface a

circuaviiluedbLahyp bné BE nfert luniteRUb YQRSill Moitgiev&dithé Mfrh¥ from
| ayers 24A and 24B. [0050] Unit cells according to

operatmg it meetyceat owthpet cuvent) abthemratedhelaga(y usit) tlHbWwever, a short-
. shapes apd may be arrayed in any suitable manner.
circug fgilpee of ampare Bpi cell Kap psesmt die entiretaraytepmdinciening.

| ayer conprising a plurality of unit cell structures

20D wherein the unit cells have a hexagonal

10053671 KieBfe ST G RbAS B2 2t GREejn SRS R fglibon. The
voltakB othRHOA! ﬁﬂ%hﬁ'ﬂé@é’&g?fg%e% thB&oltabd oPQ's*n?rl]% ﬂ}éﬁ cell). The

€l ongat ed shapes in a di mension a
maxipfim cupleat extpat issl.sAgopén crobit Yailudd @Fany ba@ o more unit cells will
transverse di nension. For exanple, such unit cells may
prevésd théapey fram eperatimgaeshoet-Cirpstfiluee ofigay ede or more unit cells
.., rectangl es, el ongated obround shapes or the |ike. The
will pefpyeyendithe APy AfQsR PEREHINZFUrrent t & (Frsiced ) omasivam|autput
i be at least 2, 5 or 10 tines larger than the
VOta‘nga'ansverse shorter dinension. [0051] It can be
appreci ated that various enbodi nents of the invention
descri bed above (e.g., structures 20D and 40 or 40A)

[0054an be FEgiHRi € Ehb®s RMABE of unit cells 42 arranged in a series-parallel
configuration. In this case, the array is interconnected so that there are four groups of
unit cells connected in series. Each group of unit cells comprises four unit cells
connected in parallel. Note that each unit cell is connected to a neighbor which is
diagonally adjacent. Note that one of the groups of parallel connected unit cells is split
into two parts which are located in spatially separated areas of the array. In some
embodiments of the invention, unit cells of a group of unit cells are spatially
distributed. This makes it less likely that a failure caused by trauma to an area of the

array will cause all of the unit cells of a group to fail.

[0055] In the embodiment of Figure 8C the output voltage is 4 units at a current

of four times the current capacity of one unit cell. The failure of any unit cell in either
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assenblies of unit cells which are electrically

interconnected in a series-parallel arrangenent of any
waelewsne@7eonpl exity. General ly avail abl e el ect PCT/@A2005/000669

conductors (such as suitable netals) have much | ess

a shortwirstimedd or athepén cincwit neIdeckilonst fﬁrb@éhtdﬁe 8889 TR Yroviding
avai | abl e proton conductors to the flow of protons.

curreq glidpugle the mexipwasrdablenitptt waltagy czlcactenonmydmreduced.
have significantly smaller cross sectional areas than

do the pathways which carry protons. Substrate 30 may
for exa

R e e T
i i Y . e e .
senchn A R R A B ETRe pre
cont¥akd MHmiRIS ke TIRY sndaRs ﬁfaaﬁi@nhmolﬁﬁbﬁerﬁf bl ddpBtes for
small array (in this exanple, a very snm arra

collebtiug mgrrentsyetd.Ganrtiet eliraidasdd, wRyeplecednyithsemoasteservidy different
Figure 8A, unit cells 42 are connected in parallel.
functfemes. Sigustires ke shese desaripeshbensin aeswelhedapted o be ohdradectured
f.a single unit cell) and the output current is iV(in
by cqfinions PEOCESSH: Sueh ﬁﬁﬁé%ﬁ% GarhccdRstErad Bfa i whish does not
' i tefail.ure of .one or e, unit
requif€ e meBuPR hsSuh B RN s O BB e Rl s, the
condAhASBdAUNPNIRNTEBcEe RS VekeA RSP slord v tha
ohmicdbsses am they eatalptt laber A8trhingmadoday from functi oni ng.
[0053] In Figure 8B, unit cells 42 are arranged in a

series configuration. The voltage output is N I(|)n tEis
ase 16 tipes the voltage of a single unit cell). The
00570 5

xi nurie glacErehesmigalecll fayer compoiging «phueality dfainiteals may be
consiPyeifi fvaitay Ring & avesliis cEmPERIng 4 BRIy ?ioia RonGitingregions.
' i .| h rom
ST 88 by BRSO, ALY et ovn
or pa¥@d1fya8énductida HhatbHalicero8 (BP l‘i’(?ﬁz F@ndlié@fﬂgrre Blon¥Nbt b Sdib&ively

42 arranged I'n a series-para
treating a sheet of ion conducting material to form non-conducting regions, as

described, for example in the commonly-assigned application entitled
“MICRO-STRUCTURED MEMBRANES AND ELECTROCHEMICAL CELLS
INCORPORATING SUCH MEMBRANES” which is referred to above. Current-
carrying structures may be formed on each side of the substrate around the periphery
of each ion conducting region by means of laminating, PVD, sputtering, plating, or
other suitable techniques. An electrochemical reaction layer, which may comprise a
catalyst, may be deposited on each side of the ion conducting regions, in at least partial

contact with the current-carrying structures.

[0058] Individual unit cells may be very small. Other factors being equal,

smaller unit cells can operate at improved efficiencies because the conduction paths
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configuration. In this case, the array is
i nterconnected so that there are four groups of unit
we@edosao@annected in series. Each group of unitPCEICAZ005/000669
conprises four unit cells connected in parallel. Note
for protans ead leleotions cah beishorteonireaheld uhit cells eighindargdh ivalt cells. The
i s diagonally adjacent. Note that one of the groups of
unit pellsa¢anehe wmsgml{s douexample} | sninsinsgiimeter or smaller, parevsn 500 pm
. .Wiich are |located in spatially separated areas of the
in digmetgy or ;spalls ne%?ﬁt?d?rﬁgﬂé@l%ﬁg phihe; ipyerion amit gells have active

oGS B £ PO B AR b
3 a
om0 HARYTBRAR WLl | B TSRO GERNTRl cl e

compriing 3000 000 uchicelts GBiRI fiodhbe1 OWidTHowke! tage is 4
units at a current of four tines the current capacity

of one unit cell. The failure of any unit cell in
ei thera short-circuit node or an open circuit node
[0059) | | noAnmlectspehemicaloedyadaarding twthisrigventiormay have as
al t hough t he maxi num avail abl e out put voltage or .
few asid nan CﬁJ:inB@aVélﬂY@e&te{}Ot%gF rmamg , Ahoasandsfoweven millions,
an b construlc)ted to _provide | arge

cel | p :

Ofurﬂg\%ﬁégﬂgpﬁ iQiOBe Y 5‘6@'@9ﬂ@@ﬂm@]@ﬁ?ml%d;ﬂ@ﬂkstmcﬁbﬁe&made
the entire el ectrochenc structure,i s containec

accog\g%plgi 9 ?%GIPJQEPtYP‘I’tﬁT%b‘h&Iéﬂ%médlﬁt tﬂn%ﬁwemmb@wns excess of
su%h | ates for collecting currents etc. can be

500 wny rﬁei];t @af, C¥HHMPEH aced with structures serving
di fferent functions. Structures |like those described
herein are well adapted to be manufactured by

[006@ONL I N ‘%‘%ﬁp%ﬁﬁg'g& amV e Trie %%éﬁﬁ%% %%ﬁ?f?r)&%% Sée%@r%?ly have

I'n a way es not require

.y 1 I . 1 ' '
en S it ek 0 LAY e

inversionunty be used iban kkiotroebdmizabtsll fyer thas ds platedditinulating as
| osses in the catalyst |ayer are mnimzed. [0057] An

showay ftexenipdedipdiigersi 9. Sushdayars apr Veryrogpnepast. Subistanyiall the entire
undulsig 6 i BE 10k 4TS, IHORGnne BRGUSHIYRY 1 6gtaree beyond the
catalyst layer and no unsupported face seals are required. Thus the undulating area can
be tightly pleated since there is no porous medium between the pleats to interfere with
the diffusion of fuel and oxidant to the exposed catalyst layers of the unit cells. Unit
cells according to the invention may be incorporated in a pleated layer structure as
described, for example, in the commonly-assigned patent application entitled
“ELECTROCHEMICAL CELLS FORMED ON PLEATED SUBSTRATES” filed

concurrently herewith, which is hereby incorporated herein by reference.

[0061] Figures 10 and 10A show a fuel cell device 50 according to one
embodiment of the invention. Fuel cell device 50 comprises a fuel cell layer 52

comprising a plurality of unit cells 54. Fuel cell layer 52 comprises a positive terminal
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Such a substrate could be provided, for exanple by
sel ectively treating a sheet of nonor
w@anositedors/ - conducting material to formthe i onPCT/CA2005/000669
conducting regions, or by selectively treating a sheet
53 awd a negativeridnainal $Srathech alaythe dopmettedno aanstusghhN@rcuit (not
regions, as described, for exanple in the
shovgy it gelisS4 graydbeagminectsdi twtween positise terminal 53 and negative
"M CRO- STRUCTURED MEMBRANES AND ELECTROCHEM CAL CELLS
terminqbSRmorRAY SNt HeoRAIVERBRARES ] latee 52 issaabddstor@spacer 56, which
res may_be fornmed on

o B 0 A S Sl S B e
o0 R TARENEE DALCTRLF TR S lab TPz,
opichSEE 48, 6l b OERATESA (1595 BB 10 lion o

fuel Birediieed. 0BagOH8lUshIdEHHRAIIPBE repAced wWikPaiotRa ?%gé%l} layer,
contact with the current-carrying structures.

orientetioppasitaly tonlayerc®.| Alsoypeer B6ropusdrbe builiMe layfer G20 sch that
bei ng equal, smaller unit cells can operate at

two sugh dexessi cenldi by ongdeddaskdabaek tcforona dueltdetird eyvatchisdvang two

rotons and el ectrons can be shorter in small unit
fuel%éﬁl%elishan in larger unit cells. The unit cells can be

very small, for exanple, 1nmin dianeter or smaller,

or even 500 mmin dianeter or smaller. In sone

o323 o, | R AT JSH R o
embdditgencéf theGRVMEHtIGH. Mevicd 6618 HATBIMSE adBbdics SR,' ?%Eg%ﬁt Ehealt Fuel cell

produce between about 1 and 3 m\Wof power.

layer 68y spacen TP randitnge 32Qrd 008 eduUdh tiketkanpleulldstested ke & ié&fé 11,
power. [0059] An electrochem cal cell according to

of
layer 68 spacev @A wndrbasey2 hay shapeditewonforin tonthe veall bf arcylinger, but it
. have a very | arge nunmber, thousands or even mllions,
is to b Unggtstopdithar qthsaen BlnaneoRENBHaRBareraually otshic Al

cell structures nade according to sonme prototype

enbodi nents of this invention have in excess of

[0063] Figure 12 shows a stack of fuel cell layers 52 and spacers 56 according
to another embodiment of the invention. Plenums defined by spacers 56 may be filled

with fuel and oxidant in alternating fashion to provide reactants to layers 52.

[0064] Some embodiments of the invention provide unit cells wherein an
exposed area of a catalyst layer is greater than a cross sectional area of an ion-
conducting layer through which ions liberated by reactions in the catalyst layer can
pass through the cell. This can be seen, for example, in Figure 2D wherein a surface
124 of catalyst layer 24A has a surface area larger than a cross sectional area of the
portion 125 of ion-conducting layer 25 through which ions (e.g. protons) generated in

catalyst layer 24A pass to the opposing catalyst layer 24B.
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500 unit cells, for exanple. [0060] So far, substrate

30 and nenbrane el ectrode assenblies generally have
whe@s/10@3cri bed as being planar. This is not NRPCEEa20$/000669

Unit cells according to the invention may be used in

[0065] el ecTheddnesmitioal alsceptovidesanethbds forsopbratidgeleotrochemical cells.
undul ating as shown, for exanple, in Figure 9. Such

One|sugle methodcompyiséonpact . Substantially the entire
undul ating area can he made ac¢tive. Further,, no

por ous |
* | apevidiag apglesiershsayenl IH@VéIaS:&I spgalystzeartaigme elgctrochemical
iR GoR e RS R pRef Fruang Ao Bl e, w feirisad opzent-
ST D U8 658 ki

cajd X8 ford-ayedutial 1hyAe iHohitaee With thethhercbé 8f the
according to the Irnvention nay be incorporated in a

pl elatedcHemyieal iehctian layer;as descri bed, for exanple, in
t he commonl y-assi gned patent application entitled
" ElEnyingaHERreat todffuseruabp ctyetiochamin] StREPRATES'

=ik
-1 mlrpbRibacintn Wych e uAbecd plssaorhem el mecien to
| ..cel. i i
AR A 001 B b WG E HeEFostaBE RIS P Boween o
COSRE BT tfle E}e%kme&éﬂﬁda@yaﬁrer aRd M&a{ﬂa@i&% }@@hi dn¥,
of unit cells 54. Fuel cell layer 52 conprise

«  poglidwing thetidoa tedrddelaodh@icieg@iduceing dayer addndd F;])atm&h@havoids
may be connected to an external circuit (not shown).
Unihe cueteng-caetyingystbhetwrennect ed bet ween positive
term nal 53 and negative termnal 55 in any suitable

The pathrfaken by ghe gy is nohyebstantiglly apdispaglielfo pyhdakersbetween the
which is in.,turn sealed to a se 58. Fuel .cell | ayer

by elgstrical, imptdetyer? Fik locadonand N tfsntrearyiee pigpctire:
hol di ng fuel, which nay be introduced through fuel
inlet 62. An optional fuel outlet 64 may be provided

[0066f T uel WiepdVaicOnfRALhS @d% OnehibriRs 1dyey! dvies) cﬂfcuft}i;@t'ci? is
i'sS required. Base 58 could optionally be repllaced wt
referagtbtoabiovieehlesebthelwiserindicated, reference to that component (including a
reference to a “means”) should be interpreted as including as equivalents of that
component any component which performs the function of the described component
(i.e., that is functionally equivalent), including components which are not structurally
equivalent to the disclosed structure which performs the function in the illustrated

exemplary embodiments of the invention.

[0067] In some embodiments of the invention, a filter layer may be provided on
the outer surface of one or both of catalyst layers 24A, 24B. The filter layer may be
used to remove undesired materials from reactants before they reach catalyst layer 24A
or 24B. For example, a filter layer placed over the cathode catalyst layer may be

impermeable to water but permeable to air, to allow air to reach the cathode of the unit
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oriented oppositely to |layer 52. Al so, spacer 56 could
be built into layer 52, such that two such | ayers
wa@owsdodees bonded back to back to forma fuel cBCT/CA2005/000669
devi ce having two fuel cell layers. [0062] Figure 11
cell, situlespraveming vatarfrdmetadehg titemiic eclb6Faagendiillgstiges an
anot her enbodi nent of the invention. Device 66 is the
examplawf strueewe 28Asehersirt e filter thayter 2081is pedvidédyr théButer surface of
spacer 70 and base 72 are curved. In the exanple
Catalb’?q a¥¢ret2d in Figure 11, layer 68, spacer 70 and base
72 are shaped to conformto the wall of a cylinder,
but it is to be understood that other non-planar

005D 0534004 PR Ko P g
electfieglodudteid fidm aNRUAoRhe Bt g 4F8idhs %%ﬁeﬂ?ﬁg: ifl\ée&tté.d?ﬁr I]aﬁeerl is

Pl enunms defined by spacers 56 may ed w

colleated inxhelphmeiof tht tetahat iaygr.f ashi on to provide
reactants to layers 52. [0064] Sone enbodi nents of the
i nvention provide unit cells wherein an exposed area

{ | | i h ti onal
10068] 2 So T o P g e e foregoing
cisct g Y ABERS M P Bt B0 B BB s
_ . . f ac | 24A
vl SR WOFEE eSS 36 AX4RE AIBLISY e Lo
«  OfTHibénvealibh ®As dRPlieLtidrow- BeNERIR ds\Fell 3Y %fecfrsgftiaf‘lfablég Pells of

which ions (e.g. protons) generated In cata
24thgraypes suchhes ahppreslicali readtmnycells laadelecdlydi9068. The
i nyention_al so provides nethods for operating
* ellwtingentéon isaiot dianited togasesus fuetw tliqulidciuetsy magaiso be used
prav.i di n% an el ectrochem cal cell having: a

c YL} JRRIOPHAtCINAICHG! 8¢leetionSecheni cal reaction | ayer
- DR P A S PLTR R Ty e RS LGS
elaf68&0mae Mot BkamPRE be WnleEh slallbfAsh th@ cRflobies. Any exposed
traces could be located on the anode side of the membrane electrode
assemblies.

. The catalyst layers are layers where electrochemical reactions occur. In some
embodiments these layers may not comprise catalysts in the strict sense of the
term.

. In some embodiments, the current-carrying structures are depicted as being in
direct contact with the ion exchange membrane, but this is not necessary. It is
to be understood that the current-carrying structures may be separated from the

ion exchange membrane by another material, such as a portion of the catalyst

layer.
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and an ion-conducting layer in contact wth the inner

face of the electrochem cal reaction layer; allow ng
wa@2eosacdoasmt to diffuse into the el ectrochem caPCT/CA2005/000669

reaction layer; allowing the reactant to undergo a

[00704t al ysAdc@dmgly,Olmta F@bf et eftiod R t@'Béddtﬁf@trﬁQd l1r?5?ccordance
at a location in the el ectrochem cal reaction

withyilae fiestanceglafingddydhetfhBowinrclammheni cal | ayer and t he
current-carrying layer; and, allowng the ion to
travel to the ion-conducting | ayer al ong a path that
avoi ds the current-carrying structure. The path taken
by the ion is not substantially anti-parallel to a
pat h taken between the by electrical current between
the | ocation and the current-carrying structure.
[ 0066] Where a conponent (e.g. a nenbrane, |ayer,
device, circuit, etc.) is referred to above, unless
ot herwi se indicated, reference to that conponent
(including a reference to a "neans") should be
interpreted as including as equival ents of that
conmponent any conponent which perforns the function of
the descri bed conponent (i.e., that is functionally
equi val ent), including conponents which are not
structurally equivalent to the disclosed structure
whi ch perfornms the function in the illustrated
exenpl ary enbodi nents of the invention. [0067] In sone
enbodi nents of the invention, a filter |layer may be
provi ded on the outer surface of one or both of
catal yst layers 24A, 24B. The filter layer may be used
to renove undesired materials fromreactants before
they reach catal yst |ayer 24A or 24B. For exanple, a
filter layer placed over the cathode catal yst |ayer
may be inpernmeable to water but perneable to air, to

allow air to reach the cathode of the unitcell, while
preventing water fromreaching the unit cell. Figure
13 illustrates an
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exanpl e of structure 20A wherein a filter layer 200 is
provi ded on the outer surface of catalyst |ayer 24B.

WO 0@68p60rs i s noteworthy that in a nunber of tPEI/CA2005/000669

enbodi nents descri bed above, electrical current from

WHATdStChARSIRIRAS: reacti ons occurring in a catalyst

| ayer is collected in the plane of the catal yst |ayer.
[0069] As will be apparent to those skilled in the art

in th t of t foregoi ng di scl osure, many
al‘%‘%regeiqli?% 2re COMPASIRGS are possible in the

practic 1%f this |nven on wi t hout departing fromthe
spirit Q ateg*eelpg Tasr  exanpl e This i nvention

has ap W&ﬁ&é@%ﬂeﬂ?lﬁﬁqje?&?éiﬁay@fs ] %teg d)@hop£§31te sides of the ion

el ectrochem ca

 ixohamdsmkinbr GRS ehel eI‘e@’crbéhé}ﬁf&aH&‘éﬁBH h Tla@ﬁ'{g: it inper

The invention is not limted to gaseous

f wotfaceray/leabtspartielly fre dombt hwith phe ot @maﬂ%é ﬁfdn%rane and an
sel ections. The anodes and cat hodes of the unit cel

dOUHItSUBkaed opposgite thednremmirficepandhe anodes may, for

exanpl be sorrewhat smal | er i@an t he cat hodes. Any
expose%"f’r%‘f@ <8y @gb%m%wgﬁ adfl o epReYteesidedel ‘dj& ion

| S5 IR O P bIE S PEREER R smnetife f8u8e Hlieuricany-
0¢6HAuctily $Gfens Tﬁ’@&ﬁtﬁ&ﬂ\gﬁh%@%‘? th@¥RICH Pﬁ%ﬂ@%l reaction layers

conprise catalysts in strict sense

s wirreintthel eleenicallyt d@ﬁadﬁUﬁﬁ% BbrifH & éttrl@asst tohH OfYhESuFb -
depicted as being in direct contact wth the ion

egengngestrasheaiselochtet inwasdly fromthaeses S@ﬂf&ce bt theas§dtiated
be undeyrstood that the current-carrying structures may

belestpsheamnia! reastion hayer.

An electrochemical cell according to claim 1 wherein the electrically
conducting portion of both of the current-carrying structures are located

inwardly from the outer surfaces of the associated electrochemical reaction

layers.

An electrochemical cell according to claim 1 at least one of the current-carrying

structures is in contact with the ion exchange membrane.

An electrochemical cell according to claim 3 wherein each of the current-

carrying structures is positioned on a surface of the ion exchange membrane.

An electrochemical cell according to claim 3 wherein each of the current-

carrying structures is embedded within a surface of the ion exchange

membrane.
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10.

11.

12.

13.

I on exchange nenbrane by another material, such as a
portion of the catalyst l[ayer.[0070] Accordingly, the

wa@e@wpao®s t he i nvention is to be construed i n PCT/CA2005/000669

accordance with the substance defined by the foll ow ng

c| An rmbectfdbReinscallcAll MERbIdSg fo cléim 4l whérett lielehsiadne T the
conprising: an ion exchange nenbrane; two

el @granteaEmingsirpauresiivnositigeed chiaredy sovardlyofrposihe®uter
sides of the ion, exchange menprane, each

el WERACE Of dhe associated elesloshapaicabipartion ayernner surface
at least partially in contact wwth the i on exchange
menbrane, and an outer surface opposite the inner

S ; : - car tures. | ocated

o At A LR D AOAD] PRt e
c wittkatumrent-yar@ng istruetudé LeiaNd\Sutwardly past the outer surface of
el ectricall yconducting portions in conty&:)ct W t% one oq‘

t Hbe essociatet hieciroehemeattdaotioh dypers wherein t he

el ectrically conducting portion of at |east one of the
currentcarrying structures is located inwardly from

B op 0o BB B ge
t ] [ L cal | duct i ti
Y T e

inwardly fromthe outer surfaces of the associated
el ectrochem cal reaction |ayers. 3. An el ectrocheni cal

celd erctrockiimigal celthaiomlihgab clas! whgeidfth iéh exchange
current-carrying structures is in contact wwth the ron

eXedrabigaceomprises an don-Aondudinty matveind deposited!in an opening in a
according to claim3 wherein each of the
c§HPEt®ar ryi ng

An electrochemical cell according to claim 9 wherein the ion exchange

membrane comprises at least one ion-conducting skin deposited on a surface of

the ion-conducting material.

An electrochemical cell according to claim 9 wherein each of the current-

carrying structures extends around a periphery of the opening.

An electrochemical cell according to claim 11 wherein each of the current-

carrying structures is positioned on the substrate.

An electrochemical cell according to claim 9 wherein each of the current-

carrying structures is positioned on the substrate.
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wa@ewshnaiongy to claim3 wherein each of the

14.

15.

16.

17.

18.

19.

20.

21.

22.

structures is positioned on a surface of the ion
exchange nenbrane. 5. An el ectrochem cal cel

currentcarrying structures is enbedded within a

s uphatertafchtinécdl esllexchriige toelatn e pridilg an electrlcally-
el ectrochem cal cell according to claim1l wherein at

| eeandugting pathvay embeddud inghe gubsgrase, rihe elecascdlly-conducting
05| i on d entirely inwardly fromthe outer surface of
Rty Beingcklegirically GeReaRtedlo prsef ihereurzepécarryingssiructures.
eI ectrochem cal cell according to claim1l wherein a
portion of at |east one of the current-carrying

¢
e LR PRI UM IRE 1.9 A g B Jelitiica
el eati@rhstisdalveatldknaseondt eﬁcefeeng %mrﬁcféﬁ%t n the

i on exchange menbrane conprises a conposite ne 5t ane.

9. An electrochemical cell according to claiml

wherein the i on_exchange nmenbrane conprises an

i o @kmér@@hmngcaﬂrﬁelé pedrdifigiosileion 15 wharcinpbaichestiochemical
subst r at 31 ectroc cal ceII accordlng to
cITERHB @N%‘is al’{etth’é PEYSce Rt A g] H§EeIsonpri ses at

| east one ion-conducting skin dep03|ted on a surface

of the ion-conducting nmaterial. 11. An el ectrochem ca

CeA cREeGBEREMELAl Belf haldifh g’%etﬂﬁhp 1 §dRe OIthE: h&n Fxcf}?&g?

currentcarrying structure xt ends ‘aroun

ofmémbrapeeias AGhickAess¥h 1@k &‘Qﬁ%@@f‘?f@ 250 nﬁ@fdmét@féor di ng
to claim 11 wherein each of the currentcarrying

structures is positioned on the substrate. 13. An
el ectyochem cal cell according to claim9 wherein each
ofAR ﬁgcgggheémcgbw I, pegprding to claim 17 wherein the ion exchange

membrane has a thickness of about 25 micrometers.

An electrochemical cell according to claim 1 wherein the current-carrying

structures have thicknesses in the range of 5 to 75 micrometers.

An electrochemical cell according to claim 19 wherein the current-carrying

structures have thicknesses in the range of about 25 to 50 micrometers.

An electrochemical cell according to claim 20 wherein the current-carrying

structures have widths in the range of about 5 to 200 micrometers.
An electrochemical cell according to claim 1 wherein each of the current-

carrying structures forms a closed path around a periphery of a region on a

surface of the ion exchange membrane.
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structures is positioned on the substrate.14. An
el ectrochem cal cell according to claim9 conprising

wa@rooshemrs i cal | yconducti ng pat hway enbedded i nP€TY€A2005/000669

23.

24.

25.

26.

27.

28.

29.

30.

substrate, the electrically-conducting pathway being

el petdle@dddh¢ntodlnRtRdoiding 16 cRAmITewhbiche BACIE &f thél dirent-
structures. 15. An el ectrochem cal cell according to

cl eamyihgwstreckires ¢drapriesct trachkadinglone edetdirvuldragBipsical,
have thi cknesses not exceeding 250 mcroneters. 16. An
el wstangaitarnhexagonal andpelyganalghapecl ai m 15 wherein the
el ectrochem cal reaction | ayers have thicknesses of
about 20 micronmeters. 17. An el ectrochem cal cell

AR ¢t s il el BRERE o e D BT R B B Fing
18gtriturls @t Eﬁﬁﬁx%ﬁjéﬁagkglg%ﬂed%ﬁ? fé%h@& tto‘%hﬁ ?%L&&%ng?

wherein the i'on ex nmenbrane has a t ness
abmembangn croneters. 19. An el ectrocheni cal cel
according to claim1 wherein the current-carrying
structures have thicknesses in the range of 5 to 75

mcroneters. 20. el ectrochem cal cell according to

cl éﬂrﬁﬁ rQgREmEGa) Géﬁétceeﬁdﬁ%ﬁﬂ elatn,lj gampriving edileer lagere

thi cknesses |,n the range bout 25.t.0 50 . .
i RSRES n 1:0015 SEPE ot Ry buf O£ by cleeoshermigat rsaction
C|%§,?SZO wherein the current-carrying structures have

Wi s'in the range of about 5 to 200 nicroneters. 22.

An el ectrochem cal cell according to claim1 wherein
each of the currentcarrying structures forns a cl osed

paAh electroctemiqad celb heyey comprisirgga pluralityeoSsledtascheatical cells
the ion exchange nenbrane.23. An el ectrochem cal cell
acasPtling t@ elaimal.m 22 wherein each of the

currentcarrying structures conprises a trace having

one of a circular, elliptical, rectangul ar, hexagonal

angln RRL Y eABhi 3 2RE layer according to claim 26 wherein the plurality of

electrochemical cells are arranged in a regular array.

An electrochemical cell layer according to claim 26 wherein the plurality of

electrochemical cells are connected in parallel.

An electrochemical cell layer according to claim 26 wherein the plurality of

electrochemical cells are connected in series.

An electrochemical cell layer according to claim 26 wherein the plurality of

electrochemical cells are connected in series-parallel.
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24. An el ectrochem cal cell according to claim22
wherein the current carrying structures are

wayimaodgoreal |y | ocated with respect to the i onPERCA200§000669

31.

32.

33.

34.

35.

36.

37.

38.

menbrane. 25. An el ectrochem cal cell according to .

c| Anrel dotronhpmicul ogll daferldcesrdiny 85 cIARS 301 WRGRiPthe! fifirality of
outer surface of at |east one of the el ectrochem cal

r edeetreshemigalras]ls zempaiseel munhbaodigronps of edlls s@yuRkted in series
copprising a plurali t(}/, of el ectrochem cal cells
a&ggrgﬁ?‘}@gl?edngP%q‘? wyparallele| ect r ocheni cal cel |

| ayer according to claim26 wherein the plurality of

el ectrochem cal cells are arranged in a regular array.

2 A OERRED PO B er SECral S B ulietncrach TP
c wongsised eldtteehahicll ceB9whivh ﬂe%&fi%?ﬁa‘f?ﬂeficel '

| ayer according to claim 26 where urality of

el ectrochem cal cells are connected in series. 30. An

el ectyochem cal cell layer according to claim 26

wHe? glestroplemical egll layen tompeisingorplanalitylofebddtmchemical cells
conne%t ed in series-paral] el . An el ectrochen cal

| 31
c SO fo ity 14; Wierein dheplarality i elestipchamiesl wells arey
of ] .C ris nunber of grqQups,
o RaREkd BN R Ty FALPonG Gng ottt prBeddéd in he
coapasdted in parallel. 32. An el ectrochem cal cell
| ayer according to claim31 wherein each group
conprises el ectrochem cal cells which are spatially
separated. 33. An el ectrochem cal cell |ayer
c dvpelesiroghemipaleedl dewicotomprsingarhesite@heasitalscell layer
accorai ng t? claim14, wherein the plurality of
e PEQrPEneflaim 26 sealed 4@ a spacer which is in turn sealed to a base,

wherein the electrochemical cell layer, the spacer and the base define a plenum.

]

An electrochemical cell device according to claim 34 wherein the

electrochemical cell device comprises a fuel cell device, and the plenum is

configured to hold fuel.

An electrochemical cell device according to claim 34 wherein the spacer

comprises an inlet for introducing reactants into the plenum.

An electrochemical cell device according to claim 34 wherein the spacer

comprises an outlet for removing products from the plenum.

An electrochemical cell device according to claim 34 wherein the spacer

comprises an inlet and an outlet configured to allow materials to be introduced

to and removed from the plenum.
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connected in series by the electrically-conducting
pat hway enbedded in the substrate. 34. An

web@stiooechem cal cell device conprising an PCT/CA2005/000669

39.

40.

41.

42.

43.

44.

45.

46.

el ectrochem cal cell layer according to claim26

s eAheledirochesyiea ecllWavily 4 suirent cHrtyifg 8irafhit®uAddidifg a porous
wherein the el ectrochem cal cell |ayer, the spacer and

t Hlegizecheautaltsactiqn kayanandadjagentdb eationchadictitlg mehibrane.
devi ce according to claim34 wherein-the
el ectrochem cal cell device conprises a fuel cell

deyj t he  pl % fii d to.hold fuel . 36.
o s AR B A R S Bl bl c
V\A}?arsedﬁb);a%gngpgﬁﬁg_ conprises an inlet for introducing

reactants-into the plenum 37. An el ectrochem cal cell

devi ce according to claim34 wherein the spacer

conprises an outlet for renoving products fromthe
plAnghcti®ghemnicat belt beemilarg wadlaine 1 Iwitaeincteaetidfadiad®longated
to_claim34 wherein the spacer conprises an inlet and
arshape. the claserieshshage heving alongsr dmensson ande shorter dimension.
i ntroduced to and renoved fromthe plenum 39. An

el ectrochem cal cell having a current-carrying

st I s.electrgchem cal reaction. .
;e elek e Ko ot e SR AR el SiStision i
At RREHWRE MBSt eriengiphor ding to claim 1 wherein

the el ectrochem cal cell has a hexagonal shape. 4 1.

An el ectrochem cal cell according to claim1 wherein

the cell has an el ongated shape, the el ongated shape

havii plgctrotiugisal dilhectsirdimgandlanshbmttereidithe skingated4hape is
An e ectro(fhem' cal cell according to claim4 1 wherein

t B8 Qlengpted mctaneilanshpRe.at | east twice the shorter

di nensi on.

An electrochemical cell according to claim 41 wherein the elongated shape is

an elongated elliptical shape.

An electrochemical cell according to claim 41 wherein the elongated shape is

an elongated obround shape.

A core assembly for an electrochemical cell, the core assembly comprising:

an ion exchange membrane;

an electrically conducting electrochemical reaction layer on at least a
first side of the ion exchange membrane; and,

an electrically-conductive current-carrying structure in electrical contact
with the electrochemical reaction layer,

wherein an outer surface of the electrochemical reaction layer overlies at

least a portion of the current-carrying structure.
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43. An el ectrochem cal cell according to claim4 1
wherein the el ongated shape is an el ongat ed

WO ewsanga ar shape. 44. An el ectrochemn cal cel PCT/CA2005/000669

47.

48.

49.

50.

according to claim4 1 wherein the el ongated shape is

anAalonegsdegblglactpidingato slhands véEereﬂﬂh%'@é‘dtfdeﬁﬁéél abaction
cell according to claim4 1 wherein the el ongated

shiager ¢amprises deajalysti obr ound shape. 46. A core
assenbly for an electrochem cal cell, the core
assenbly conprising: an ion exchange nenbrane an

orfapehEd Y o PRRLE b e TisRRe e &Ehe%@ Gl o e
and Egl%lvfcﬁhg laﬁ-aélééfr ?ﬁ@fglg 1l ﬁh%lé r{ge ét‘faelystyconQamlng

struct ectrica
el eiedtrmﬂ&ﬁﬁb@lﬁeaét@@ﬂdy@ﬁhéﬂﬁg lan OMAG 1BLE aR8 aBYARYr face: an

surface of the electrochem cal reaction |ayer overli’es
ateleatisal aurpanttdaorying strinsgurimdsnlyinatieyd] 8¢rsdherfitalieaction

47. A cqore assenbly accordi to claim46 wherein the
ellaxsrras depstim party eadan lml p@rygwtmgd@yarsasoata@amtme inner face
t hod, f ot an el ectrochem cal cell,
tPeftﬁ% HOEBWBWE???Q’ IOB I'di ng an el ect r ocheni cal
[ t LNi I oche
Feact oy fingd RELAN RIS MO R EaRRE i tlige daver:
an el eCaHIdvﬁﬁ% tﬁé‘fé'a%%l’t ?@ﬁﬁdér@?aséartéig%éq b‘l{l]gcg{élﬁlc?ﬂ?reactmn to

t he el ectrochem cal reaction~layer npa
aptodurcd amionoatduiotatien irﬁﬂl%felédircﬁz%frﬁ@il réhdtion B9er BtReen a

face of the el ectrochem cal reaction |ayer;
surface of the electrochemical layer and the current-carrying layer; and,
allowing the ion to travel to the ion-conducting layer along a path that

avoids the current-carrying structure.

A method of constructing an electrochemical cell layer, comprising:
providing a substrate having a plurality of ion-conducting regions;
forming a current-carrying structure around a periphery of each ion-

conducting region on each side of the substrate; and,
forming an electrochemical reaction layer in contact with each current-

carrying structure and the associated ion-conducting region.

A method according to claim 49 wherein providing the substrate comprises
selectively treating a sheet of non-conducting material to form the ion-

conducting regions.
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allowing a reactant to diffuse into the
el ectrochem cal reaction |ayer; allow ng the reactant

WO eooana®rgyo a cat al ysed el ectrochem cal react i BOT/CA2005/000669

51.

produce an ion at a location in the el ectrochem ca

r eAahethodlaayerdifgtowelaimal9swhériepRvidiig the substrate comprises
el ectrochem cal |ayer and the current-carrying layer;
antpleciiviebuiragiinghe sheet of don-cendicting mhteriabto fanotetioAg

| ayer aLon% g path that avoids the current-carrying

st FRIUGHRE TOHONA et hod of constructing an

el ectrochem cal cell layer, conprising: providing a
substrate having a plurality of ion-conducting
regions; formng a current-carrying structure around a
peri phery of each ionconducting region on each side of
the substrate; and, form ng an el ectrochen ca

reaction |ayer in contact with each currentcarrying
structure and the associ ated i on-conducting region.

50. A nethod according to claim49 wherein providing
the substrate conprises selectively treating a sheet

of non-conducting nmaterial to formthe ionconducting
regions.1l. A nmethod according to claim49 wherein
provi ding the substrate conprises selectively treating
a sheet of ion-conducting material to formthe

i onconduct i ng regions.
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