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WD 2005/ 030376 PCT/ US2004/ 031283 STRESSED THI N- FI LM
VEMBRANE | SLANDS Rel at ed Application This application
wobheismsod7he benefit of U.S. Provisional ApplicaCirms2004/031283
60/ 505,547 filed Septenber 23, 2003, the entire
di scl osure of which is hereby incorporated by
ref erence. Fbgh '
rel ates gene 2- B e
specifically to stressed thln- fllntnenbranes for
which fluidic access is required to both sides of the
nmenbr ane. Background Many commrerci al applications
require the separation of two fluids, e.g., gasses or
li quids, by using a nentkei#gied Applicationbr ane i s sel ect ed

to nmediate the interaction of the two fluids. 10 For
ex ahtpb epplicatien hlyrmsa@e eyt jof Uc&thowsmyslt@phcathml 60/505,547 filed

y the in ti.on .of

Serfipis dan2 L HESPh Rt S hPE LBPeinGhmarais by roference.

hydr ogen streantat Iomer pressure. In this exanple,

the nmenbrane may be conpicidiettae Idveatida mat eri al t hat

al | ows. hydrogen diffusion at a_higher rate than other )

c on@%ﬁﬂ@ﬁt’@l%ﬁm}tﬁ#@ gryarIbGOriiTereA e uangs apA speraigedly to stressed thin-
ﬁln?fﬁ es ?or%ﬂa{ AlRic Al i t‘éﬁ{llr Elo bo?jﬁéﬁd%ga& tﬁ% freddEane.
In era Fon of “an oxygen-contal nin

fuel -containing 15 fluid. The fuel cell rrerrbrane may

i nclude nultiple Iayers t h@acldrbawd one or nore types

a h the nbrane t 0. OXi
£ LM 3 o eBdil b iR TEreatics e aPbanams) (R dfHifhge. gasses or iquids,
by ﬁs@@g:é Rhbrah. 'mrn%{ﬁorﬁﬁé Q1888 & ABGiafbaRE RAGECtRMSIIIR two fluids.
size, it is often desirable to mniaturize
For mmpbn o chyrdregan mlglfsytsqremtem@t@emembram elaa‘anefhata tts 1nteractlon ofa
h hat S3N.f.ead #‘1}/ eSS el‘ﬂ ntl:taurech do ?ramajt e In thi
ydf%?seﬁr%c Sa‘irre%mn% %H%Sy%‘r onpati'bl ¥ W %eﬁ Re™ fu °<¥Vr F Bf Esure o s
exahipdd, ey Be@BidndMayftRrcon@rieiedfeom buéif fiadt allyws hydrogen diffusion at a

Integration of these two materials sets may result in
higlgy tS%TF by thercqompenends phthe hadroganmeh slecanst }n&@thﬁyxwle: a membrane

f i i ..
ina tﬁ?lg%ﬁg?ay %tg&lg{e tﬁ%?lg%é&g)ﬁl f gfl g%g%‘tﬂ dl?lﬁ%fﬁg 'a%iel containing
fluid p&he fued celk ﬁtmibeamfm@y mekde trultipie tuyatslihataﬂbwmma rmyndt)e types of ions
found in the area of tteries 25 and fuel cells, The
to papoibrqughRs BRmbFaNg e ngtze thg b e extragting eif&trffal energy from that
reaGfon! Ul ar tel ephones and | aptop conputers, has
|ncreased the demand on power storage devices, such as
bat Tempsve paddmmatd sndmpreab@sysmu sive if in @ftemdesnahbrtg yniniaturize

orage avail abl e arj son to tterie
meEhne egupline Sy Gro RGN Al St By b penificrured ina
minMthRzdl i80S BRldot am s%ﬁﬁe ®ith & HbdeRls B kRS dpf¥itnal for membrane
One WD 2005/ 030376 P 004/ 031283 -2 exanple of a

funetjgnalitf. Iﬂtﬁ@rati%llolf these W@@Bteaab)&?@ angyiresultial substetial pirgsses in the
mer%gpa\ﬁmg. g?reshsan\{gy e gxﬁuceefdfbly(,: ke meple different thermal expansion rates of the

membrane and a supporting structure.

A specific example of a need for miniaturization may be found in the area of batteries
and fuel cells. The proliferation of portable electronics, including cellular telephones and laptop
computers, has increased the demand on power storage devices, such as batteries. Fuel cells may
be used to increase energy storage available in comparison to batteries. The fuel cell system,

however, must be miniaturized to fit within the small form-factors of existing batteries. One
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One conmmon m ni aturization techni que enpl oys silicon
(Si) substrates and integrated circuit manufacturing
wo e@hoai30gi es. Silicon expands at a rate of PCT/US2004/031283
approximately 4 microneters per-neter per degree
Cel sius ([tmIn/"C). Conventional solid oxide fue
exafipld & 44§Be FRARI ¢ 8 alsHAY oM F call, whish s&n6wafto have high efficiency.
approxi mately 10 gm i OC, and operate at tenperatures o
Onaéoramon migiedrizaionGsalinnagnploycihvarBSothstratest and infeguted circuit
e ROy Y atLo R AR A B bl Bty g icrometers per meter
per k&8 Celbinaf (uapRs oy Tahedntiofals¥id beidd ifing celds iNeghdtyrials that expand at a
stressed nenbranes. ~Additional factors c ngribut%ng .
raterof apREOXERFELs! G/ I/ie) APPRLS FiSPRerailFes<d aBputdyl °th(pmbining a
confvélgﬁmnalss FARRSA 8 celiGAShbEnOWith Qmeﬁfﬁheﬁ Silkbh ?rf'a?lufactuaing may cause
in uced(by sintering or other thermal processing, an
a sighifiche rekpalsiomtdisfiatt dfapgrox inmhtely 95 % daadihg todrighly stressed membranes.

onpr.essive stresses. H gh stresses in.the thinzfil
AShERBAL SRS Ry bEREE o fbe A vy TPA A PHITSEC e o] g flm as
depbBifedStnStSor @¥fire Ef@éi;qﬁﬁlgcg@ :by g@%ﬁ%r ol @bl processing, and

properties. Design of fuel enbranes, such as i
cheytital immdifi¢atibng indecing tensepracoysEysiverstisises. stight strgpses in the thin-film

NN TR ER RN o R AL AT RS S -

maftigIBbpértiesshese menbranes may fail because these
menbr anes may be pliable or prone to buck]ing.

Fur Prsigmof fuel cedzmpmbisings suchwsytiaivgnstpbiiizedeseniaddiS€g on Si

i nt.o the tensi . C |
s 5 P B SR SRR 8K PRASR s om0
cenfitlc@g$66) diamateli Thesrandmpnes wabiildetast thesé memb2dhesinay be pliable
cracks, configured so that fluidic contagt to boti}q ) .
or gty rcklips HAs Yiod r}g@g‘grlam:sema)[ sQ ??él \ﬁ]aqn( ¢qolfdpto the tensile

ﬂmgﬁggggéagggggﬁ&%ﬁgﬁkﬁyressed filmfully bonded to a

nnel fractures or cracks in a:
web-1ike pattern may formin the film A distance
bet ween adj acent cracks isSubmearyed not to be random

but rather.to cluster near.a racteristic crack .

opahirventici efiioh Sruonnd GoRRRE BihTin piaBAiy sypstandaly free
of @hcllshidh gl bRt Ec TBRARAD BSth sifes Be tHeGhé1gbianéssik dbssible.

dimensions of the tensilely stressed filmbelow this

c hakmibe peitistlas casead R tenspalyishigssa fibs fphebanded tharigid sppport, channel

from cracking. l.n.pr er, ' S, 1:
ol T RS U RE ) Paf Y i} BEACH AShpKIA A acem
crabld @B bEERYVe ot k@ bERGdohnButanthet foredusted @b ai¢l@sacdristis bmokl spacing.

formation cannot be readi|y adapted for the formation
Thisfpheremenoaliy well kagwadn Fh@rfb"?fchﬁ@@}n filmpfractygeipschaics-

str . tal flan dic - ' : g

o SR B B A R SRS B St
spdchiat hebpy resmd theefithr e srakingoin beledicspoden lageeactyelaias of stressed

support structures. WO _2005/030376 PCT/ US2004/ 031283
maesl ,r@rqa%otblg],ap&%@fséqessggﬁ'gmgfnag edMHEssi vel y stressed

merhi,g @Qi'stiﬁg‘ﬁofnﬁﬁges(lﬁ" iQarURRRAH dt@nnot be readily adapted for the formation
of tensilely stressed membranes, i.e., membrane structures that allow fluidic access to both sides
of a film. The requirement for fluidic contact means that stressed membranes cannot be disposed

over solid support structures.
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structure may result in expansion and warping of the

menbrane. This warping may be undesirable for various
wa@ppsioasré ons, and may al so cause cracki ng of PE¢EUS2004/031283

menbr ane. Providi ng good adheston to the substrate

such that the bonding energy is larger than the 5

endngle partittler Gise 658 ecinpmbsivdlpbtréead Mmemprape ethie Mck of a supporting

conpressive failure. However, this existing. technlque
strugturg may sl 1nEHASFIOR 2BG wasring af the aepmbranga AL Warwne max be

undfeﬁfdmé fo? Qal%ussﬁfﬁ)[)ﬁia?ﬁ)ﬁs 218 gazf'ﬁscaué &5{]#&% Of e }rr%ln;brane.

accor dance wt nvent I's a s ensi
st riesiiihggoudradhesidrhiatthe bhistratelsyctathat thg bbnd?mg ehcﬁpy V¥ ladger than the
t t
ene?g£1§| egq:rtw:gﬁ%] Igﬂgrlil%lfrrlfe{yil@pl}? H@vgqt?cgi% o tf%hr% However this existing
tec eUd?PlHl rcf\feﬁ %éﬁé}sﬂﬁl' d&gn&% BafEe @E@?&r th@fo?mgﬁéﬁ 8f&fssed
esu ficiently small so that t nbrane 1's
membtanks-;l y to fracture in tensi on The al | owabl e

gﬁf | ‘&ofﬂ%g}];lt%ﬁ%&g?{’tgg g"f}thetSF ﬁ} Q?If % %%n‘g%ﬂ%{sﬁgﬁi FleSsed membrane that
has Mﬁlyei él@éh$ o%rlag)hﬁth HaifholtiHeestieaes, ik., @ supﬂoh*tegrﬁil pp&ftbtal dimensions of

grid fect the characteristic crack spaci ng, and
the siessed @lﬁ’@ﬂal énsluding Geestandingzand hnadedrtpasnaiesiesizasd torhe sufficiently

sma'ffesrgafilgt,l}ﬁ m]ellsnbrghegg ﬁﬂ%&ﬁo@&&%rs&%?n?%ﬁ' #l‘ﬁl Sﬁ%\ﬁ%gé dfmensions for a

area |I's | ncrease cons Ion O

tensire[}as‘tﬁsbd&n@hbﬁhahretdﬁﬁam@ ag Itlnachaeicmsﬁc 'm&blamimﬂgs Materials at the
relatively small. This epbodi nent referred to
bongdgntegfage, éFaEhf@l s,q@porbgru? ngef:q ﬁp]éageggré%lc(gracﬂ%@acmg, and therefore also

affe%‘c{ﬂea%%éiﬂﬁn&{%f %Pthtefhs qtional  spacings and the

cracks that wou have if not for the creation
of Il em}ﬂmdnmgst, th&"laeallablﬁmnawt ash n&xmbmawdr’ayyth@ eomsstruction of islands

aSYBRRL B REARFLS I LS REASER AP STl e

refetd%a 18 YPPRE Loratkt r%ﬂtof'ﬂfé Ao d8Se PP aLt %ﬁ%@ésﬂﬂﬂb&n@ﬁéin%hﬂonal
rules presented below so that the filmis unlike

spaclngsz ind uhe ceacks that wmldthaw fcmned ¢ npt orithe ammm@frth@ smqrtgs The

sup #rgvent | b SLBDgﬂIgH gald a 1g{1 es(%ﬁ% rsiéacsﬁgr Sy aqdmalll.%verlap with the

streBdcdanap| ’ﬁledilﬂi@ﬂﬁdn%rtﬂ” thd suippert sfre@ustaé désighed AL@RIBE td Hesign rules
filmare designed according to design_ rules presented

pressateshbeley so el thedilmepbpbidy foscragsingensiogel y to buckl e
in gﬁgﬁéeftﬁfc%e 1r{1i&c ﬂﬁn&@%iﬂﬁﬂ&mﬂ@g%ﬁ% Lo %1% Cflngely stressed

provi de e nmenbr ane nmay
metiBadne dhdt $s ponded deidte fs@ppofrﬂhaﬂeﬁ@l drheafipwalple idahensimslof the free-standing

around,an outer edge t he nmenbrane. support )
e PO e e Se ol T ARt e membrane
unlﬁder?jot%%cﬁ'etlﬁb BreES%rPS provide stiffness to the

rane struct as well as reduces the probability
of Imaomi embodtkn&rt;ad $uppettand iopro3iled to whibdhe membfanemay be bonded,

andgqqamgt e a:i%igroppréijga L}%Hglgg%g%gtarégggéugﬁor tLg)Ha é'lhg){l{er edfgeV gir the membrane.
%ﬁﬂ' indhRfE dlﬂﬁt@h@ldsuhﬁ‘ rOsabQUEcH 8Bcdd hiffid¥eNelpd fdvide stiffness
In an enmbodi nent, the avail able active area

to ths mendqr@w@mtcwe ehwel 0a seduges the prabpbilisoefwassiney &t gmall island of

L R E NG T R ——

edge of the island. Additional areas located throughout the film may also be bonded.
In an embodiment, the available active area is increased by the construction of

compressively stressed membranes arranged such that the spacing between membranes is
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-4 relatively small. Adjacent nenbranes may be forned
froma continuous section of thin-film material. The

waleowensizohs of the support structure are desi grerusS2004/031283
according to design rules presented below so that the
support structure is unlikely to buckle in

relatioEip s8RHI Ojactnt MemBradts May bE eorined #RG04 dartifows §d3tibM6f thin-film
[ nventl on conbi nes the features of the above two 5

matgtigly dihg digensions Hf Sheniaeté sse aFedesigied Aoqprding & desimyrules
predefifdg HefovR W Ha PR &piﬁ}re’ bk ERunftk Y@Bﬁ&éﬂém%%{éﬁéés{b%.

condi tions, tinmes, ocat] ons. “Thi s StTuCtUr a

S eh Ithist stessed 1mmtbrchn@ withdte 1hm1txonlcymhimb tighfeatures of the above two

sl 10 RHRGpLAte maTTRRes HREhgney otk waslndheaiRERIve sress at
van%)g&%%@a% écfnaﬁﬁ,hgrtﬁh&goﬂaeatﬁ% d?ﬁls%&ﬁaﬁr ng%%nﬁﬁ%heﬁe@ membrane

ficiently small so that the nenbrane is
thatunab okl ayslight bvealap wyith the smlmtvsmrrgwstlalcum dieng stppdrhgrid. The total

t ensi I 0 deS| rul.es rese el ow, . The allo
dlm&??’r%‘i‘?s‘? 6&% St %te%]pﬁ’éi E?B EQQ%%d&ﬁeaSt e deSlgned to be
suffeti SRRSInMNSsoCBhiGHE ﬁieﬁﬂ)réiféh@ﬁrﬂll&@y ©OORARIAS fil téﬁs16§ atd@Rding to the tensile

rul es presented below. Materials at the bo
desigpreles presentpd belowt Hae glipyehle dipengiona fardhe sqppert opening are based on

I

the g n@%tn? ﬁéélélg]fiféd% %%Ehesgo%: rg%lsvegiégllgh I?Sleg E,%F%lﬁ%d B . Materials at the
bond&ﬁbff@crb‘;‘Se pthetshpparhyéd)taiffoct thewyhdectehessicgrelt shacisd) rand Weerefore also

hermal] cyc¢ling 15 These nenbranes may be,
affe% eéﬁawﬁqg gimepsiopgo ihéélﬁetnébrﬁ%ham cal system ( VEMS)

basggl ﬁ%bféne??‘f #1€ idveRtioRhy bgﬁ&ti’%r%ﬁ‘?é uﬂvﬁqupe%%ﬁecﬁérmal cycling.
the Tnvention features a sttucture inctud I'ng a sup
Theske foemibnanea nfayrbs:t for epamplagnicandlecatr-inreshartienl syﬂtexh;(MEMS) based solid-

.(ftﬁlgfs d th n filmmenbrane di sposed to occlude the
0x144 eglp'E PRGOSt he first stressed thin-fil mnmenbrane
co rlh%ﬁta's{fl&t dhe i@@ﬁﬁo@feﬁthfe%ta sﬁﬁ&ﬁdeoiﬁcl‘ﬁﬁl rﬁgrhesuﬁﬁcﬁ@ @éfining a first

first 20 tensilely stressed thin-f nbr ane
Openmgl ardlessfivst tensibal v pleesaed thin-Glm mmbm@eahmawh@mpludc ihe first opening,

ck s reat.er tha
the S e BB R a N Pl CPPeBBEa i Kool R sppport. The first
tensfBE dtRSSedithidnfilhemembiiRg indh@lelh Mhdmbratl ABRERDILvifdEckkacteristic
nore of the follow ng features nmay be included. The

crack ippOIRg Sraser dlahi ane-hall of ageinimep shinerpiepidbe fitst sigesserbthin-film
| udi d
merbleBt pRPRR B ol b i fPuiensf, 10100 0 cea T s

oc cDnsler mb& cfelofvil oofeniengres oy teeiacinded t Tiessupgort hiag-define a
fi] mnenbrane con ing at |east a s cond portlon of
secqPRsHIgGdacentia t@%ﬁ@%‘ﬁsﬁ%ﬂ?%ﬁ wsipgluding; asependifensilely

streE%ﬁJ‘i’&ﬁriﬁnf%Xm'b%la H%Eoée'a% BEATRIARE sERhE Pé}%nﬁgﬁﬂe E&S]I%da ftFessed thin-

aracteristic crack spacing is greate n one-
filmofembrane icoutacihgaisisbmsesdnd pertisr obtict ssppas SEak second tensilely stressed

.thin-filmmenbran t ha mes the. . —
thin 1 ST HRSY GCEF CoBeS BB B a1 Cay peisig crack spacing is
gredttYl thark bhdthaeBPs ARSimuBPdithelkivh P AR LEINIRERsded ehihifllStmembrane and

and second openings may be | ess than the m ni num

lessgharetesitioresdhe melanwrro@m gn offthe sn@mﬁrtamdeme@ed thin-film membrane.
A dgﬁlt%‘% %K;:Ielg 1ﬂ‘rflenﬁrs S50l % otplgﬁln%g 1rna¥ bagess Itﬁ]a%l tHe Fhifimum dimension of

each opening.
The membrane may be disposed in an array and the array may include a plurality of

stressed thin-film membranes and openings. A shape of the opening may be hexagonal, square,
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stressed thin-filmnmenbranes and openi ngs. A shape of
t he openi ng may be hexagonal, square, WO 2005/ 030376
wEADs8BOO4/ 031283 -5 triangul ar, or circul arPCEUS2004/031283
cross-sectional portion of theSsupport may define a
first shelf and an extension, and the stressed
triapgylar, p1 ¢ipeWasnArcaess- smt}or@bmraem ofithp supposhimay defives £ firss thelf and an

extf and B8 sl QP AR Ak RRRralthb, Sl df S ORL besl Hete. Te
crodsksestionas pedtion odiitt duppors Iﬁa?%l&ﬁﬁ’e 4 bdcond 'sllléHf %ﬂéééﬁﬁpg{}ﬁyel to the first

]g.on agt a portion of the second shelf.
shelfyppidfhe sirgssed *éﬂft:ﬁ!ie RIcEaRIeTRRRgptise a[pésmtdféhs secomd shelf. The

SR Gl LB 9 e G L AR e s
dispmsed in z elenttochemichlaysm, hyed neghd oswlp & bl orsy § brane-based
h dThe stressed tPI n-fil mmenbrane may i ncl ude a materi al
YOLQECH SERYEPES M ckel ,  pal | adi um pl ati num rheni um
Si | Tie0sy
o nate?%ﬁ?hﬁ?%n?ﬁﬁ%%?ﬁ%ﬁ elﬁéé%fe a ﬂlﬁte?i)élbgl%h af Qgﬁp%g mickel,
palladiyang pbﬂngmurhenum sdeon umbldehatlumtmm nﬂnﬂﬂ; laty oxhhf amdékm combinations

anu magnes anese, sanarium
thergbf el R B, B R e Ve AT s e B gabalt, hafnium,
irony tentHakiin, FabA@RInk ThaidaASSOMMHEHUM, @RS, sA 'stﬁ)tnh&tﬁstltamum
t hereof . I n anot her aspect, the invention feature

Ve EY P cY i En 0D @me@cbfgpm angléo qomtgnaauons theteof.
op&§h 'aﬂ&hglaé’sggcq fhe T ﬂe%&t?@s't%nsﬁ cHrr% %%ﬁ%h%wgﬂg defining a first

first conpr ss1ve y stressed

openiing hatiag atdintawh wienihp dichdnsivh, @’Qﬁnﬁﬂgcorhﬁ%sgﬁrélﬁ Etressed thin-film
stres ed thin-film menbrane contactlng | east

empbraag disppsedl ghogsuderthe §£§b aﬁffr{mg, hectinst %tsﬁﬁseéldhqe\rfélssmetbgane contacting

t 1ea§trae§1§€,1%rt Bh Bt 1t pﬂJ f2 &g{?ﬁ
et a Cr{tl C aspect gsg l}ﬁsﬁc r‘@lngf]ilnilﬁgmbrane
inclwdsstarmerebane sratenal, laSJrltlgale’apa:tt rdtioefor budkéihi of the rﬂﬁﬁbxﬁﬁé aterial is

f the m.ni on. of the first opening a
reaify A RLO o © On‘f%@%? ﬁ@é%leamtfﬁ iAHOERSIOR Rfhe FEsh eperamsjt%félclmess of
the §felséddQRin-ASPRCbEARe] hd tBE UK hifRS: o kGSRick] h?gnls fess than a ratio of
ratio of 20 ten tines the m ni mum di nensi on o
ten fiessthe opaimuy dimensinn aftihe firsegpenafg tolike Sickasssad the stressed thin-film
Il'll']% -film nmenbrane. One or nore of the follow ng
eatures may be i ncl uded. The support may define a

s e ebr 8N theadil@wRB edttred By bk ifdudae MhB Gupiffindy defi
second conpressi vel gtressed ?hln film nen%?ane %% cHnea

secopd ogeripg ddiacens tyie| wﬁ@p@mg@sdme@@mmpgessmbf smmddhm-ﬁtm

mengr;erélgeﬁlgﬁggt{; ? ogetl e i ug@% Pnd %ﬁglt géftlb cond stressed tﬁm-ﬁlm

menthaagy @stwictiag yt lesstt raes&etd pofticir dfithdRuPpORI TRE séBdMd chprHLdGvely
a critical aspect ratio for

nme ane materi al
Sﬁe%?fithll?-ggﬂ Srerpipranc ey igkhsle thg memirangaatosial, gwetcelr asppeimatio for
buclﬂmrga)tf e AEmBRRe %tena‘?h-t ?k & ggésa[ﬂef@;}r%efm? 38R Rh1£ bPE minimum

second opening to a t stresse
dimerision-dfi thmsmmmdaolmmmg tblaghickndss ofithe sasged thin-dilinandrBbrane, the critical

oop e TR ok S5 e HER e i S b ension ofthe it
operfifi ©KAE Fficl@fesd HEhS Et"rc%?z&ﬁﬂnf-ﬁln@ nfeiﬂb?&rféem BB Lritiédsfeldfratio for

critical aspect ratio
buckling may be less than a ratio of ten tlmes the minimum dimension of the second opening to

the thickness of the stressed thin-film membrane.
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buckling may be less than a ratio of ten tinmes the
m ni mum di nensi on of the second opening to the
wao hioskssss of the stressed thin-film nmenbrane. PANDUS2004/031283
2005/ 030376 PCT/ US2004/031283-6-6 A di stance between
the first and second openings may be | ess than the
m nA nlistance ibatevesh dire fifst @rlctecapkeriengs Tag bededs thamethaminimum
. be .di SfOSﬁd in an array, the array including a
dimspsipn ot ¢aPhOPCRPEst  stressed thin-fil m menbranes and

opeidgsmbaing ngayOJei didfolld ASMSFay! BE hitaf RlcluduEd hﬂmgaﬁ of first

the array is | ess‘than the ratio of"a mninu

stregieddhisi fim wembrracnirndgpeningsiradefdrisicel aspeci rativyfor buckling of the array is

thickness. The.critical aspe rati or_buckl in f
tess i (8RR 0 itlbd fificnSOR ST sl fo iR PR 4B fighmess. e
critithl ashb& rREfor BEcKTEY dT¢he Befibranb Sieddil flay b3 4ék8 Higan 40:1. The shape of

triangular, or circular. A cross-sectional portion of )
the ppeniagipes be. heyheragprad, squptey GangHan, pr eidlain Aesaoshegcianal portion of

in-f il ot
the QbR R He] Bl RO 2 PR i mermbrai may
confxet & portioafof tivefiistghelfl Thewyossletdtiohalepotilosetthe surgioet thay define a

di sposed in paralle| t he fifrst shelf, d the
secand delfakspomdinmeraiichiodbr Brg Sl%Pé{x and fsizessed ﬂﬁeﬁlmdﬂelabrane may
con%d%‘? E&‘%ﬁﬂ%fﬁ{&eéeéondT giecharacteristic crack spaci ng may

e? ss than 1 nm e stressed thin-film nenbrane

mayTlhxechdiwpostd ciank spacaiganty beleenihenll ngys fldmstressed thimfilm

solid oxi,de.fuel cell or nmenbr ane- based hydr.qgen
et Gl Lperehi 2l e e G SEoEnY o FPPUA B fuEhgell or a
meMBYnbbatdddsdfo JER k8 drattonSysBmAs copper, ni ckel,

pal | adi um “plati num rhenium_ silicon carbide, _

al ubhenuiressedithinddm mambrdnd enayandide a @tasiahsiches sopper, nickel,

t hereof .. The .oxi de be,..e.qg. . .an oxi.de of alum nu ..
palloffind oo AR R 5 i RHGHE o sn Pl Combinations
the@BH NEIS dfitle AN BANELS Can SEHBOS Alinirfea Retith) clibiie,tobalt, hafnium,

. strontium titanium ytterbium yttrium _zirconium .

irorp daEasdyiMASNCHHE, BAREFDALP: Pasmasivn sSpagium,2gliqon, sFestiya), titanium,
Ctl ..t he . [ Lct ' udi ng a

st QRES byl ik QAR e EAMEE SndoShbaholistnd 06t

st rimsmethet hspeet tHerimvantibn dewtureopapirichirn dndudirgrb sapport defining a first

mat eri al _di sposed to_. occlyde the fjrst opeping, the
opepigs pudks fikss seepsechibi- il mﬁqsﬁweaﬁeglpélamgw?mgraa? maegig] disposed to

fi ¢ . . _
o 48 St BB P e Ok S HBRAN il ik L3400 A it o
of the pgipod] At adirsesrseadingredndibien, itherfirsh steesset thin-film heesnbaiane is tensilely

soeg RS b e 2R B2 RIS DB AL 0 cne-haro
midifiufr ditdfYi0E BPIR TR st20dsde8 SifiniffhAméEFrahé SRBlebdBaitoni tIHEY the
di rensi on. At a second operating condition, the first

mingmuesdigrnsinin At & iseaond wpeaties Pendittumhedyst siiebspd hindgdgegembrane is
and a eritical aspect 19 for ing-af the ‘1

corf PRt st o ATl ol R RSB e sh O mng g s

grefter thafliaRAHBIST SRS fAmBimtfelimkisén OB fiRg obénifg to a thickness of the
t hi ckness of the stressed thin-film nmenbrane, and the

stregpqdithinafilnamsmbraneatndghe evitienl axacrivgtip Sontwsklingighess than a ratio of ten
tim@ﬂh’e(?niﬂfmﬁrﬁ Yimension of the first opening to the thickness of the stressed thin-film

membrane.
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30 tines the m nimum di nension of the first opening to

the thickness of the stressed thin-film menbrane. WO
WQeOSHM8B03876 PCT/ US2004/ 031283 -7 I n anot her BGSPES1004/031283

the invention features a nethod- of formng the

structures described above, including the steps of

f orlmangthar anpaﬁpﬂm itkehiion fegtiaes omethiod of fandnd ﬂnerstmqu&s described

stre d thin- filmnenbrane to occlude the ope
aboigh dOPdiRBHE DS PTENG wn?grtfdggmgég FPYNRAT HETidNg 8 stressed thin-

ﬁlnﬁnéx%ﬁah&% Scdi®k R opir@yd ded, forming 5 the support

includes formng the support in at |east a region of a
Onesmrbswneaxf éhe fatdwirtgefeattires ssaydbetinelnded. i A Embm’ﬂbrraabebe provided, forming

the %1%%% f.th 1[11%1]155 ﬁfg‘g‘g}’%{& In #ﬂgﬁls grqs,’ggq%z %ﬂ:ﬁa%te alng aﬁ’é stressed thin-
ﬁlnﬁﬁ%btaﬂ@ @bntﬁ&% 8bihdhe ﬁ%ﬁpoﬁ%ng Wbﬁt%ie oAt R:aﬁtrh%o‘fﬁ(ﬁl?%tﬁg substrate

thin-film nbrane. FOrm ng t support may i ncl ude
mayfbfrmmgeé éa@ddﬁnoualanatelaqlénayd&ﬁedepph@dmbsﬂmatressed thin-film
Ined@flnlng a 10 cavity in the substrate and the

&vficial | ayer, at least partially filling the

C a\ifrdrmnyg thb s@prRigy includB ferimiag a s@diidici a3t a@eraﬁe iLfb@ﬁ!:!ite defining a
portion of the sacrificial |ayer to expose at

cawéy Bb‘ihﬁ ﬁ@bﬁt@e and theppceifipiphlagerppt lﬁﬁ% Patighn iﬁﬂhr}ﬁeth@ fsﬁﬂgfay with a support
mat 1?1% : nvent :vg% at %gt V\%}H}ﬁ Bjteﬁltg W& ﬁ'{?ﬁ?al}%ﬂ{’%@%eﬁ 1945 ?pomon ofa

tqphﬁﬁmaméﬂkumbymmnﬂMnsdood fron1the description and

dr s that f 15 Brie scription of Draw ngs
o ohea8Regoitey oty reatting Raf FovBressobbe pshsn aa el the
mveﬁlu%%saﬁv Wilebel AOYC IFGIR hl%ré%ocﬂﬂom%@&’éibﬁﬁﬁﬂn el &&s@mgs that follow.
I nvention and schendtic top views of nasks used

therein; Figure 12 is a schematic cross-sectional view

of an enbodi ment of Bt@mmmgf[),_m_gmes 13a - 13b

n i TGt Sl o AR bR R Bl of an

emlﬁ%ﬁrﬁ@ltfolf & ia@édtionand sttiegtakie tdptviews af ﬁﬁkl@ﬁﬁéd thei@n@W Of
an enbodi ment of the invention in use with a hydrogen

segagwrilars ayehearfic WP@S@?CéWﬁlg\ée‘a Péa%émb?@ﬁ@%%frth? jnveption;
SC qj'lg re§ ?? f%‘tﬁag% g%&l?e%gat ?f %%elgﬁécﬁﬂle{?{ (ﬁccﬁéjlfnﬁgﬁfbn in use with an

|IIu rrncrp e I nven
eleoﬂdvl&ﬂma@lwstefn etrid&l siohtlemdecfnel&aﬁl ad better 25

un erstood by reference ot description taken in
corlj gwetlitdna wrhemeafis éﬂ%@ﬁ%@%ﬂ%@n thE 3R inyentiopdp 45 wifh a hydrogen
S LRtdPN A stressed thin-filmstructure may be
Sep%gé c?el n accordance with the follow ng process flow.

Referring to Figure 1, a substrate 10 may include a
s ent leahrawintgs arermet gccpeaﬁ;aulystmswa]@semphams instead generally being placed upon

illustrating the principles of the invention. The advantages of the invention can be better
understood by reference to the description taken in conjunction with the accompanying

drawings.

Detailed Description

A stressed thin-film structure may be formed in accordance with the following process
flow. Referring to Figure 1, a substrate 10 may include a semiconductor material, such as
double-sided polished silicon, and may have a diameter of, e.g., about 100 mms (mm) (not

shown) and a thickness 1y of, e.g., about 50 - 500 pm. A sacrificial layer 20 is formed over the
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30 doubl e-si ded polished silicon, and may have a

di aneter of, e.g., about 100 ms (nm (not shown) and
w@2aokosisness to of, e.g., about 50 - 500 m A PCT/US2004/031283

sacrificial layer 20 is fornmedg8ever the WD 2005/ 030376

PCT/ US2004/ 031283 -8 substrate 10. The sacrifici al

subktéate0.Mae bareifisde lyetimal artudea divlbetic ahaterﬁaﬂl,csiuCIaSS silicon dioxide
silicon dioxide (S Q2 | n an enbodi nent ,

(SiQue i pn gMEP WéﬁhQ@C glablayer 2 ianbe HOMR o lfqﬂaa Aftont gide 12 and a
[ e b
bac%%ldégg? of"subg eg r%q) g’g é?{eglﬁl%ﬁac{/aﬁgg 899?10%&% roﬂ maysﬂee&'i‘fonned in, for
exa@pde)h 8 fummceasymmmxaﬂalﬂy ﬁbﬁﬂ'fmﬂl@cﬁbd)mhm daaseﬂ)ﬂatTa)nance CA,ina
Cbrp ration, S in nce n a5 st
feht 81105025 e pher ol ST 20 1o gy & Belege i ugicietly thick to
enané' th E‘lﬂﬁéct{ﬁe'nt fothobtiGh 611 20%&:" e‘go Fighe @B Ea\ﬁﬁ’%a height at least equal to
subsequent formation of rib see, e.g i gufe 8
a thmkmcssg)fahmmbgmueatly faast 5@@1&591 thum ilm nndmbrkmﬁe‘s%ﬂ (@ee telge Figure 11A).

S stre t hi n- m_menbr
ThiRRRS P ae el FERSH S forlokliole. P RAAPS i
sacRrfehiigb Higwes 2AaRe gril Pattern Bk Gefiidiih QxdrifRi 1a5e220 and
gm Referring to Flgures 2A°- 2D, a grid pattern 30 is

subgiedte A8 byi nigs abotolitheBrphy agdetcliog. aﬁcplm@rgsméweaﬂ@ isjgpun on, exposed,

oo B8 SR80, L SR 00 BIAL GRS RK wrc

suffieiefitlyf thidkado Wlﬁlswhd&t@rthéﬂp@oqab‘@ig} eQsitsinal by abmh @sura. The grid pattern
thickness t2 that is suff|C|entIy thick to wthstand,
30, Ay %erfa@ééglmaem@ggt e Pli*"ZOIii"é‘;?t lazéeréﬁomay cliyde apppening 45 having
v@ﬁg Ratd. f&bou%q 5 %Wu?ch'v&fl y4sr1§5é1@<!téu Qth that the

hoto ‘esi s yer 4 |nc openi ng

subkequienidy daﬁmdd;uppwnt gmxﬂ stretge 90 dbreut. gJ, Fi‘gugen'l lﬂmmlb@rdvilde sufficient
L the.o 45 .1 s, sel ected such t hat 15 .
rigid i B P aY e S S e ot d D GseEop g, Figure 114)

e gThe gﬁ& Phi€ers 33\)5 Qédflred B AYiInE @ pPidihAski 481b pattérdlithll fhotoresist layer 40.
drastically reducing the active area of

Thergmdbms]e% iedudes eepask gujd patrydr elefiniap a plaabtygficglls 48. The mask grid

B 8 R B 5 D0 B R e o 750 . it

cell &Y HARSa SediBsitic SHalpd, 1lbatat@ﬁcélg<ﬂi7wﬁleﬁ distange dy pdtwead pztr&llel sides of,
of cells 48. The mas rid pattern may have Ieng1
€. gofIO te4Q 1m, beagordagee yﬁ? ) thelesignanignpregeited belewg A D at?é@f of cells may

B8 0 655 Y5 RORERLE. D0 ey dcn s i

ha\ﬁngj@ﬁeﬁgflt hieand .3, leddh 1,00f4€ g gabouit B0 aoneadance with t he
desi gn rul es presented beLow Apluralit lﬁéf cells

f or Reterpemelye inbiepie, after the phoferesinelay gyt fﬁ%?élkpfglﬁpasy 50 of the
sacﬁﬁ:faﬁ fa@fﬁr IHEx &ﬂwgécfj%ﬂg}?%x ﬂ%ﬁg?ﬁ {Hee'%oﬁ)rgélﬁ 12y384b B 1Bmoved by, for

about”™ 10 mm each.
exdﬁqﬂe,rdry B’g:hedgs Dyetdhingmey Be pafdrered blyefop eraroplesiesttive ion etching (RIE)

LT AT S
CIQQ @Rr\ﬁﬁh §1tl eicﬁi;h%rreéiﬁe Qﬁp@oﬁrﬁﬁ@ﬂ)@ thedom oﬁftlon@fﬂfHHa@rlﬁf}iﬁMayer e.g., an

et’ching. Dry etching may be perfornme or exanpl e
oxide atchireap¢.ohhie p&hun@ BeRinEnisotrapigretadt thifi ‘%@HQ%/%P]@F\&@XI efopenings 60 in

theﬁgi;rétlliwq1glﬁgyer%§%a fcﬁ\é \g?ﬂah \gvmt%%{ %%%) ro%%n%%lgpéa%lt 18 % about 1.5 pm.

app R@ﬂﬂh‘lﬁlg & Fighretd) @ﬂé@iﬂﬁﬁg threuphahcrifidaldapsr I2f)J & ﬁbtroplc etch is
| ayer, e. an oxide etch recipe. This etch g
performd; @etpmcbpg gt subsirais 40 to) &rmglu@h@r o darrgsyions / In' an embodiment

in RREN ' HIS630atk s formed of Si, this isotropic etch may be an sulfur hexafluoride (SFs)
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30 the sacrificial layer 20 having a wwdth w2 that is
approximately equal to wi, e.g., about 1.5 gm

woregosnsisng to Figure 4, after etching through PCT/US2004/031283
sacrificial layer 20, an isotf®9pic etch is perforned,
extending into substrate 10 to forma plurality of

etclO@RFRESH GhSabblt 60 N3EseesiRGyeaL a Nultiplek ehstétiemanufactured by Surface
substrate is formed of Si, this isotropi¢c etch nmay, be

Techpology BurtemeHeleadinitrd Kisedymwbhis gty es depressions 70 ina

r a o
subg'%é,gg‘geg%g{ Q%é‘l%gﬁons }%Vgta%{%?t{ﬁ?% ogx Sas‘t{ogf;ﬁ: E&%?‘g@% mcgg w3 of about
§ oy Hiptf dcmnd heidtmo iogyloByd bantethatiht sampotﬂrgrtdéﬁ) Kilbsgqemily formed in

This etcgh s fines depres s70|na
part BT e agm?sf%i oyl %g T SBI?POTEfOQ Subsggily formed
stre%egttﬁmrﬁlﬁ{‘lﬂeﬁbi’&ngé PoGeOFiRROMIA) ittiBut Bedbdvély rélﬁl@lélg an active area

are sel ected such that the support grid
ofthasbsmmiﬁamdsyl%or med in 5 part in depressions 70 (see

cubkefuiRb e e NP B LR e B oM aned by g anisoteopic

etc}{ ﬁﬁﬁ—:ﬁ'ﬁb dpl@allty exithiibadis0 ete aeprvelions76d Bidhgioas 80 may be trenches
active area of these nmenbranes 190. Referring to

deﬁmp@ i Gesubstigte. i Bt axégmistong man bie derancg ity's £2a 08 angofrapic etch in a system
sch b ST BIo 30u38, 301 SR B 051 BB OBl sicon.

appbdpRee éttienah®s a rdélpelthat md an SFt el cutdfbioradyeloblitame (C4F8) chemistry.
ext ensi ons may be farnmed

i sotr tc
A meihed ﬁygméﬂtr%%a%lyggd}%ﬂwrx is Spﬁlb§$ & 2% XDl s Fadht No.
5 5@1”?99' FERLsid W}h ﬁéCBqla§%Q ﬁéﬁtﬂﬁ?o#g gf%‘%éﬂ 5. & },LIhC %e depth d; of
propriate et ’hat uses an
extambn@ <80a§ i;ahmt@bgmh ditahtlwrmaté@ﬁﬁbseqhmﬂysdepysnedm nﬂbtmdns 80 (see

for anjsotrapjcal etchin i l.icon is describe
belgrg) PR D PGP e e s S CRE G b s thin-flm
meﬁﬁi:’an@@ﬁx'% HRMEbdoweRltRe Sldbs@fucn@y fhrmed B@KsePhin-fifi ntiMbrane, but
depth d2 of 15 extensions 80 is selected such that

sufﬁhenhhmlmﬂp‘a'l susmmweﬂnw go the prosibrent i potdhinéared.ofier sggre embodiments

mté 2‘:5“[56?113’ F{nﬂs\é%d ﬁ‘n&ﬁ? ¥'i de S x%/s é*h;ffz %%%e?ééigfg I c?gl nﬁ)yﬁé P%dtrbh&eAﬁer these etch

stepEe THR Iﬂlﬁﬁﬁes@s&%}@ﬁﬂ@% pk‘dl The stbserateuldsaayitish by cleaanddbl, e.g., an
stressed thin-filmnme rane, but suffl Ci ently shal | ow

RCMW followegdby fa-Hvp pee-hols oidetipn piep RESHLIC 19t §liainglg any residual
poly%le S’fﬁe%fc{m rrcjrug%@ S}ﬁltltaﬁ%aé}hieﬁ%y ﬂh% Hesth 1BSR BBw defi ged by openings 60,

i‘fon may not be nee
depiéssivis UDLad eatenbioRO88t eps, the photoresist layer 40 is

Zt g | pﬁgr?pg tR@Th e‘ég@% g;% gtﬁég%ml O)@g%g@ ! Qg]eglhbe %pg%ggg ng Support material 100
thapfﬁ]'ag 8kl Bp %%ﬁﬁ‘ﬂe af 3i8Q0iE sﬁéh a%l dilBoR3c® AN mPSilad Hf"l"iloz, over sacrificial

e grid pattern 30, tnitrally defined
layﬂmﬁ mrdelatosgnmiﬁb,ttensw]omluthﬁg ppchifgs dﬂpéemrcﬁgmns @0, and extensions 80. The

oSS o 0 B SHLSES R LA T ELIIS V) .
low Pfé@ﬁfr& CVA @IP@‘V D} Qpplaﬁﬁa—ﬁﬂ%cMVDe(PMD)eXHiHHu@pox@materlal 100

el ectric such as silicon-rich l[icon nitride
mayibe 2indenlew strass £-gi, <380 MPaaged map ha‘fmla thigkaessrts df, ;@a ,tabpﬁt 2 pm. The

cortFsiRy SHS: BmE Mt ORRRERS bR i nuf by o prevent buckling
acddedfg td thé chpressive dé@gfphﬂias pedsenicd dklowa Pite tehegile Sirtssamlimited by the

CVD), .
tenglle strength ogf the support material 100. The support grid 90 may be formed from a

._
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| ow pressure CVD (LPCVD) or plasma-enhanced CVD
(PECVD). The support material 100 may be under | ow

W@ R00883037€. g., <300 MPa, and may have a thi cknBEGEUSB04/031283
of, e.g., about 2 m The 30 cdfpressive stress of the
support material 100 should be sufficiently lowto

dielpéteiv emterbil dipregent aluctriod] sigrts on thedinabstprecass;iovg, esfughcell
rules presented below. The tensile stress is limted
W“’f‘ﬁ‘@ tensile strength of the support material 100.

r TR S
DOGRSTHARE PG A4 T 1o DOk@S AL bt Milerial 100 is removed by,
e.g.t dprenig rstxclediseacmtrld:esdtc}sxhdh&t AM"ﬁ St(m;syﬁtemal Vstaliedtaganee endpoint
e..g., ir]ba (g nigfj §f rlngto Fi gure
detestigp gnay befisg ﬁm ‘i’V&ﬁet‘i Wr%’ﬂ’ﬁlﬁ % faterial 100 is

r enRMeRinto Figiés 7 arfl 8¥mBi4 f 1RU6H pdsioa 105 0f kelpodihiterial 100
in the AMI 8100 system Vi sual cl earance endpoint

eXpdmsemm iy frsecrifeiel, layir 26. Fhe svasiisiad faysr may be selectively removed

I oxi teI % Referrin
o P PIEH Sl g0 BTG B AR AR B i e
incladf0Hase, @t A8 bé Rmolid bg fan 9aRleictdhGiueh ad ayefferdd oxidb etch (BOE) that
sacrificial |ayer nay

e selectjvely renoved
incladesipideoflyprigeacide prapmonizoft u@;dﬁnﬁ}dewat% e réW@U%hq%laﬁ seopificial layer
e S SN Ry LK SO HORIRILED LY phran R

clednBOEpwEd ay able howl wietesidayidn af 80%‘1@ cRanohl ofithemacrificial layer 20
fluoride, wat er . The renoval t he sa

exDpigy oy Borvry e PO By T PR LR FROien i 24 dhat has been

fon?%l Fry g@gﬁ‘égf}bﬂ'@lpgﬁ b&@ A iad t GPint®b éi‘ﬁhé@oln sﬁbﬁﬁ&al layer 20. The ribs

a one our wet oxi dat i on at C. Renoval
120cdefink gewalﬂy fhecamb phiggre thae bad b&qmos@naélypbﬁm:@hy ofask g e.g., a

o EBPS S e PR RO BB I S g iR o

the QRLBIciAlayt0 Q. ¢ NHRUOPRA. THe 88hdsBd S&Eibh bF Sipport! g@MeI0 38ns a shelf 125.
leT é ri bsay%é 1220 dgfl Ee enggpa ét he sam@batg?ern t hat

hade@gmgimI@gmam g«step@serdriém-ﬁlyn ekl 37is f@n@d ovgr the ribs 120, exposed

rorB 8,0k B PS8R RSy R R, RSB e s

fill&bith khsgosd mhtadl&lr100€ The stréRedithi2 fiinlaythtagbpos gddeposited, such as by
portion of support grid 90 fornms, a shelf

cleqtermeheapmeyaperappyu e gressedthinadun iveinay chmem@fpbrfs@ material that
b
g TR0 Dby Sy 1SS 103 Bl i
funsp@si dsian @ldcirody euc]fd&pfbes)sampie; aﬁﬁcl@d)’yftnhrhe&thbnhﬂ;eﬂ zirconia composite.

YR PO TS S e S S5 e NG Yl bocane
it 1seé’ ﬁ‘ﬁ At ée@ébtwﬁ@lﬁneﬁﬁéa%?eﬁ%%x?@érﬁoﬁé hﬁaﬁ‘@ﬁ@fmﬂﬁb‘préﬁﬁﬁd 3 f oxygen. In
rane mat érial that unctions as an el ectrol yt

sunmmalty; sahe nﬁwlalsﬂhatpﬂl@ bev®zd apa memprineghategaldo iﬁqmbﬂla ﬁ@essed thin-film
1 mat eri.al _that r {105 S..an e:hectrod SUCQdQ 1 um nitride,
ayehiL P‘éc"pé’eﬁun&?l% PP TR B ERAT PSRy i EFh ™! aluinum nitride, an
0xi80 BRPSdstaf-oxidbA altﬁmﬁmlﬁaé@fdn@'chﬂﬁﬁﬁﬂm bkt Maffiltini, afdnelanthanum,

for use as an el ectrol yte in a SO|Id oxi de fuel cell
mapeesHus.anAanese; pmprivEs sedndiuns silicen; sopiiupeisppp, ¢ ttexbium, yttrium,
Zir oﬁ%g,rlgyas%gé}{@}urrrné?gg@g ?orﬁ?l#«ﬁ'tlﬁls tﬂérgc?fs l’irh%gtrggse&’ ﬁ‘}{ﬂﬁgm lgﬁr 130 may
haveed tidkaessttpof, elgabhie 2simessed thl n-film

Depositing the stressed thin-film layer 130 over the ribs 120 may result in a formation of

intentional discontinuities 135 in the stressed thin-film layer 130 proximate the ribs 120. These
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| ayer include copper, nickel, palladium platinum
rhenium silicon carbide, alumnumnitride, an oxide
wemi0as7@n oxi de of al um num cerium chrom uPgT/US2004/031283
cobalt, hafnium iron, |antharidim nmagnesi um
manganese, samarium scandium silicon, strontium
intehtiéid disgontituitesihainbe defined byncorfblling thesteprooverage of the stressed thin-

praseodym um and/ or i nation r eof
finEleyase G M‘Pfﬁwsl"’zﬂrfg‘igﬁi BT Ag oTHELA T B R siressed fhin-film layer
130|qée§/desr% %ée’ oARYHn & dReof %ﬁﬁﬁést Mg ihiBBHal 8388 fintitHed rdlieh8%tress in the

over the ri O my result in a formation
stresa‘ed thintfdnt hayﬂatherhbsdml]nngmlmﬂ:\@st th:eﬁ‘ommatmh@f shingsggienal cracks.

st S B S e ol e SR 505 A over
bacﬁgléé? PNbF Sibistrii® 3 oMY RAnsEDY A RJedY nfaR Y 5O thd fé%a&@ﬁn&b&@ist pattern
coverage of the stressed thin- filmlayer over t

140migsincide e dpéed lﬁavcm (] Lﬁngﬂidmmlmgh’féﬂb ob®a-i apgraxjmatgly 10 mm each.
st.ress

ACS‘?te]d]? 8ﬂPFh’ﬁ|d§? %’?yd Iéear?ﬂu t# on%l 1 Sé(%:eg fhﬁ%ﬂﬁét’h & 'of, e.g., about

1.2 bhl E¥RUSHBS 6 mBsK 18, pldtbRsiSEld phiidrfed bvenshisy@te backside 14 such that
thereby helping to prevent the formation of

the 9h¢tﬁf6§1$t 1 dhdefines ae kpen BluREsr I0aPRESIECUPPYLERS 740A and |
4Q. i .
) he t%ﬁ g?@fﬁn 58{“ ?eﬁ %ortgrt%gs%@t %gg)é%(%e&i géﬂn@ﬁgop%ﬁoort material

100r e&ﬂdﬁba&ﬁ?ﬁcﬁﬁlﬂkye‘r% ard i‘emavecﬂ eBsth lpjfﬂms bO& 20shayplat ltemoned bAG.g., a dry

i nclude a d|e 60 hayi ngth 12 and hei ght h2
etc}bl‘n al’eAE‘,{IT HiwslemniemaiAp 153 @i“b A center portion

nf(?iﬁrr%ioget ;ﬁg‘urg qflJ’AJh%dq 189 o§ed11§§t191%vdffiﬂe Sitdeste VI’Otaﬁe ﬁmoved by,

., about Through use of mask
for aﬁeﬁnplprmww @sl.sin ansenpi:aﬁtmm e@lwbmérths sibstratatiecliges kdicde a suitable wet

etcli'gﬁg ?)g rgjgf)gaastélblgé@'d:r gggﬁ(&ﬁ et& héé%m%]?)%lg?ﬁ ?ﬁ%cr%w%g' dlches silicon

alofteEdriid pRReDtestRIngas & fithRI00es h SharRalftadlare d4RS €at-topped pyramid,
portions of support material 100 and sacrifici al

i.e.] ayepening 20 ecreaserblediis avelt Will bg/‘@rpgde[@ga bg@orﬁﬁ)yrtp@ 202 at the backside
14 A sg.ﬁ;s/ ed kM 388 wg!irévyer 'c}q H¥o c% 1Hn .'2()]4 8{&&%&8 ﬁl*geg Eﬁ%’? gﬁgbo For example,

if sﬂeﬂa?of ﬂfé g0 Ub@lﬂﬁl b@lfa ﬁel&sémb&t 130t leav @ lerggh bexfpygdapproximately

, or exanp a wet etch. . ]n a errbo &
12mm@nch flee @,mgtgrm@élmaﬁedhea%@%q by %&tg %tfn e.g., about 500
tP‘f!a}ng?O Psefoﬁn{:) ?}5 e%eﬁﬂﬂ%@ﬁi'ag &'&Q@m‘i‘fz N sititBh, Sand includes frame

M OpOSt1 on se etches silicon Ag certain
walid 20tekavinges tHitkness t of, &. g‘ rehoet 3OQmMN a shape of a

501 Refumeion Bgent Ltk aiettt Bl prssie Aoy BERIHavove is o
corﬁg&ﬂd%ﬁeéga tRh-fiiREmEAGHES Sucthd 195 h%ﬁgbrsﬁhﬁ)rﬂéhdwmdeﬁmng a

rrower at a top portion 204 proxi mate the support
plugalityl oDOpenfinys 18Ralptleof the opéningsdkdd mdy have admaﬁqmgl sq@re, triangular,

or gerc‘gl ar Sg?ﬂ% o% ({.\.%l ea;?ie qq\%le(?ﬂlﬁrcs)’%%ﬁfﬁeec%h i %tgﬂt o#%nﬁxgs 180a, 180b may be
lesPfHax 'a%ﬁnﬁlﬁ%ﬁldm &3 6f édh %Qeﬂﬁhé | have a | engt h 14

of, g., about 500 m Frane 200 is forned fro
s aw@hnaur@qsechthnaﬁlrg dayst 134 defings a@hgahtwf Siresserl tha‘hﬁlm membranes 190,

e. ge geclf{ggfgo lﬁ\%lgrgoqisl%’&%gcll ée gﬁld@ Ay (%}Q:n%gg 156 k’f‘% glul_'a%igfy_f’st{aessed thin-film

erring ur es
mehgalds 100 nidyeinglude fidsdsng fisdt Gepnsﬂeiy st‘ressbdaﬂnmlﬁhn endnsbrane 190a and a

second tensilely stressed thin-film membrane 190b, disposed to occlude a first opening 180a and

a second opening 180b, respectively. Alternatively, the plurality of stressed thin-film
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25 conpound stressed thin-filmnmenbrane structure 175
havi ng a support grid 90 defining a plurality of
wo@p®siosigss 180. Each of the openings 180 nay haR€T/ES2004/031283
hexagonal , square, triangular-12-or circular shape. A
di stance d20 between first and second adj acent
mempeane §3) B includBCid leastydfrst ¢amsgedshely sirassed thisafilm membrane 190a and

di nensi on d ni ng.. Th ssed. thin-fj
a s IomREAY Hes e Bbhin pgtberedoD bk nedtiudye st opening
1803RAR ra%@&?ld]o?@mngQQOE 18spect®le®f t TIR Se8sddaNBLHlm feRBesed (also referred
to occlude the openings 180." The plurality of stressed

to asfitiles'icpeh contart pblvess apodtionesf theveippde gaid H0e dde fastitemsglely or

congGohi rSaRG R el TR iy AL bafipn 195 of e

supfo BAG £1d ste@orf@lGLéﬂmll@Ef & cfohfp‘ﬁéss@@l@%tr@ﬂsed &ﬁﬁ—fﬂﬁ%eﬂbﬁﬁ@ £12¢} contact at
openi ng 180b, respectively. Alternatively,

leash p §pendipprigm ]sﬁt%éggl&jstwnplﬁ he pertien zﬁd@/sem‘vsﬂd 90 contacted by the
I4452804 ncI ude at
sl il ?}él%%%i%lﬁpna@é% H PGl SEafEAAST!

rrerfﬁ]neaa"r&lcﬂ)ﬁaclaspicmg ané o:lmm‘ltrcamspecssamfoy bacﬂ{lmgsmlthe geometric

thlnfl,| 1 osed to oc e a first
valigshPHiph b ﬁﬁ%mg‘fgﬁwmﬁr&ﬁéh Pragking ebguvﬂigg Stpppately equal to
the E%Iﬁaggﬁféﬁﬁg ctdkBiol drlbit TRARRy pRlcFilalls %g?ée{tﬁ)ﬁs it 8 d@Sirable to have

each Cont act at | east a ortion
a very fhypghr irobatiiitydd noTfeelirfg. rIn these pase$ @lnyaydre Beneficial to add a factor of safety

onpressively stressed .t.hin-fj Imrrenbra cont ac -
to i By o o S Do P PE A S5 SPAHTAL i BB 1 M p e minimum
din®BG6A Of IHRNELARH YhififISANRNBSEE. VAl Y EiveEy IR cditiiahedhbl spacmg may be
nmenbrane may contact at |east a second portion 19

up toften Hmes tlpgomumumtﬁampm@n ofrthe tresked télu]aﬁbn megntirgheg dn the case of

conl(l:pggss%av%t pof e gﬁl%ge%l % e%ﬁa%%éérhbl{%kflhé ers éllpq(g r%xa]l% X’l § t1flratio of the

mirSPafi si@nBRdinbasien id the dliclaspastthe atdsgedfthfn-ﬂm ldeibgan@l @lternatively,
t he ajeomatrl c 10 val.ues at which the probabi I|ty of,
the rgifipal papachratiadpr uckbRe Y OF UB e kanithees the biorad thqminimym opening
dlml%ﬁéiﬂh td fho ﬂ‘ul?gn ?Pﬁﬁ@' *résts¥d &ﬁn-ﬁﬁhn?éi@&&ﬁdé.‘g. or buckling.
n many practical applrcations, it esirable to
havE€hesa cmd/eriincgis nperydigatblidni ihio actoundin detéﬂrﬂungl.g mem'rbrlamsmaterlals and

scofs e 1§ SORLERYOIRIT e SR P B oSt eaimapeRane fefudes a
meﬁlpf“a‘ﬁb Rcht4FRY hBGnY R chQraEt\@{l-?sﬁd ik %Q&n ok R atel tARDSAQRaLS of 2

the stressed thin-f Al'ternatively, the
mirgmiu dialension ok thepaanbrgnersyd 1b® thén tgp tineesttlemmitimem ditnension. This

num di sion of the stres edthlanImme
rel R Pl o0 RO LGP D P B LR Saipbrane i
bettvedd AvitPinddieehdhdBarerishc bRck ‘él?aclﬂgmﬁletlﬁ&nbﬁhé shigtnum
the m ni mum opening di mension to the thickness of the
dimengien s%@r:t@rmmec? by amveimyadistaney heswernt twpetides of ishape defined by the
1‘11&31['1'1rbI ! I C?Rr g)}ﬂ%p% ea@% t egse%rtlr}&?r@rr: %lplglrll)g% n? 3’ Hﬁ%ﬁgﬁeostﬁl%(’e of a hexagon,

haviifiia ifihiglRedisnapbiohRqualtts easmhcé 8} Betivedipariisd sRIBS of, 2(%., about 20 pm,
These_ consi derati ons en | nto_account |

a5 dedines by SRy IR ReY GHA TR 66 35p 3 Ge12D god Ao | Beher Gjscussion of
char 15?1%&@1( gﬁﬂ%@ls zﬁ'&xﬁd i 6l e %ﬁs%ﬁ%ﬁﬁx%f%ﬂé Bssidd Mes.
nme nc

rane ane mat er |
ch a’lfhe:trmxmsthn dimemia o] pm:mn@btahatnalysale@rk&dbﬂrthmm critical buckling
lengt Ah cgerrggswely stressed thin-film membrane may include a membrane material having

a critical aspect ratio for buckling that is greater than a ratio of one-half of a minimum dimension
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m ni mum di nensi on of the nenbrane and | ess than ten
times the m ni mum di nension. This relationship may
wW@bk®s/obs7expressed as follows: the mni mum di nRCHUSV0406031283
the nenbrane is 25 between twl8e and one-tenth the
characteristic crack spacing. The nenbrane m ni num
of thit fimhepaming t® athickness médleb,yremeditmmﬁlm mémbane embeheadtival aspect ratio

es of a shape. def.ined by the nenbrane. Faqr .
for é&@ﬁege Tegsilapn & FAHOL SR TR L .mlmrwgﬁﬂfraﬂe%%f the st ppgning to the
thlcﬁﬂc%g ®f e Eefled BURTIm HEMbALe. ATHs @él%isﬁip%ﬁ%l@@b@ Bstkssed as
a di stance do between parallel sides of
folla*bsxua 1R ofithe mmmbefn opsaingydimbesioetd the ﬂﬁclmessgvf the steesked-thin film

merghah fiag b B hEecRraltl 2of o1t PP sOGH HSar Beid o Husistine

di spiHhst aRc@kioh e dgﬁgﬂl ﬁﬂesf fak Fx%veﬂﬁh% Hﬁ&ﬂhlf@h@p%\ﬁ@é&ﬁb&éw under the
of the nmenbrane é al so ess than the cr|t| cal

secmh@ladm@ "Quervigmnof Resieinfy é&éﬁr\@ngprgtsws?y@as thin-film
c (i ﬁl‘l% eggt%)g é‘{;' r%l?l% %@ﬁﬁ%@&ﬁﬁgﬁwa@% &?’ gl%sélr@ly stressed at a
firstt c!ir&[’atﬁxgroahdlﬁoﬁ tndtie-theahbrané matefianinaid b etfﬁ’faiiao@d”ns‘biﬁcrack spacing
2005/ 030376 PCT/ U82004/ 031283 -13 of the fi
gfe%%fetﬁﬁlh gne-Balkot wpanpeas digrensign of thedisledrepsqd ﬁhlflTﬁIm membrane. Ata
Jﬂﬁ%gagﬁlg ﬁgﬂ%&? Zc%a@ gﬂsr(t) 'fsﬁi?gg%@ﬁlﬂﬁgﬁsm Exﬁe&ﬁkﬁanef r%%y buckhpatively stressed
andci aritiesl mpeafratidifer bickdingmb € mgmbene hwteriahinaly bie @swe gfan one-half of a

. the stressed é@ g.l fil m.menbrane. This relationship may
mininuny qimepsin aklle st OPCRIBE| ows: a ratio of the mini mum

Op ARG ir@ tENS &N Padd B3, RbRiBESS stRbsddBin-film membrane structure 175
stressed-thin film5 nenbrane may be between tw ce and
maybeformad hepshtedtyecoask subsaﬁtealﬁpd@tebwma@ng arstrpssed thindilm membrane
Furt her d| cuss on rules for prevent n
array foRTiF Ry T1NG IBUPHAN EFDI AT e es ey FomHRSl g compound
stresSSASRMLIEW BEmbRSE SiudfiteaT sfifdlubagHeansisee tiihfRmSmembilaes 190
sonme enbodi ments, the stressed thin-fil mnenbrane may

disesed evrsishenoyt @rid e arca lrees latfipe Yruchpe ) inslidingrrampayid stressed
thm%ﬁﬂn &%&%&Bﬁ%%ﬁ@&ﬁ JLal fr%[ﬁé(zb@ve a characteristic

_ spacing at &r an one-half of a m ninmm
di "ERSdRPoRirill td%cﬁésé&ﬁb&fe&ﬁm% 4 Bigpokti HangRITr 8Rdpe. A an
a second operating condition, the first stressed
altekditive Einbotinment e enayeye disitted ﬁpn'e&ls icumbyurst stessd dhindiich membrane

strugg;%{a; Iggt%%cggg %%@E)gglltq% g;po}gﬂ{gglg i{)# u%fgortt rﬁfamrwﬂﬁb@ such that the rib is
renflyERASLEN. B tdWnddat AtnORERRTE, (G B ik thely BV 92 shape.

conpoun stressed t rane
st rwedillbe appHrent 16 thoay sikified or tive drt tleyp dset sadport grid amy have a variety of

Croe B HaH S PP CBHL PTG BIO i bR OB LR PESBbEA g stressed
thid-Airh b &Lelu ;iiéfférﬁ% ﬁ% Fure B, %@Askeect o%glsoqﬁo&emae Wishort grid 90 may

stresse e structure 175 including
definee fost e 800 ahd an Extensioe i), and thetowilelyi csposlecbsslvelw stressed thin-

sl iR o0 Grsthes  Pedlo d0os Al e e Rhiii b ot spesonal portion of
the ShSRREMEy A6 HefinPdRc8RPsheBB2DNBspRRPRarle] & tHE H64SBEH and the

above produces a support having a "t" 'shape. In an
stressed thin-film membrane may contact a portion 320a of the second shelf. In some

embodiments, for example those with compressive films, the grid preferably has sufficient
dimensions to provide rigidity to the membrane according to the compressive design rules

provided below. It is found that a deeper grid provides more rigidity than a wider grid. Ina



10

15

20

25

30

alternative enbodinent, ribs may be omtted fromthe
conpound stressed thin-fil mnmenbrane structure by
we@xaosnsii3ng t he renoval of top portion 105 of sPEPU£1004/031283
material 100 such that the ri-d4i-s renoved as well. In
this enbodi ment, therefore, the support grid may have
preferred embbdipgent fdr comipkeskiee apgacdthin-fibn triensearsk) the eatia of depth to width

of téeggré gﬁggggritﬁ;ug ﬁ% néﬁ))o ’ Aﬁ%@grgris,l BF %%@}péq, f;ﬂiseyevtv}fth gc)efnéilely stressed
r @\ f
ﬁlnﬁh?l:é g?ﬁ Qy Bt rgﬁge £r%f %???%g E’%{Hu&o 58? Ef‘argﬁlé &8 8Hd may be a flat thin
ﬁlncwbmhspwfrcun ahe ptmss&ckﬂumﬁlm hendupedo tn gdjacerd Stresayd thin-film
el f. 300. and. an. ext ensi on.310

meipF B 9B R s A b B B PRPPELF el mefabranes,

dlsdﬂSﬁf{HﬁﬁE?m]tﬁQ nfERbr&RE hAGnofbOAELdL Bn@QQﬁgIéfm&H&aﬁé 18y occlude more
shel f. The cross-sectional portion of he supg| rt my

tharaom)omfngn e-gatwe oo mrtsmnfngs aychesgsokiddd byia gimgte hembrape.
fs'gﬁ%te%sri?%l féf'ﬂt%% hy nb SE{) ﬁ)rbﬁi 1< dog{;ﬂh%%];lgga c}{éc For example, in a
fuelSd’a:ﬁ| dmbddin&d)Be ghitBegi teaelestedft®be ﬁéﬂlﬂﬁ@tﬁcﬁctﬁ@ﬁ)qorw&h shorting of the
conpressive films, the gri df;%referabl has, sufficient
t

anogdg aicheathers- 18 sem@@méedlmegtsm Be ingentioa, theresidemprises a diffusion
barfié %fvc&g %@@@18 p ShydR{Eh ?ﬁﬁﬁ(‘é@gﬂ%@&ﬁnﬁéﬂt e oAl gﬁ/a#g)r%gelected from a
matefigi i y Idvh diffimioni coefficgmi fbr gjamsea WO 2005/ 030376

PCT us2004/ 31283 1 eferre enbodi pent. for
Fleatna/e Fiareskiagt Ehon bt ﬁ%ﬁ-ﬁmmg@r@e&ﬁo may be
dlsﬂﬁ@d it e{rpelwtf&:ﬁemf%ﬁl dyBenHdod Aﬁel@é@&h%ﬂah%@te%@mc Wdes at least a first
sonme enbodi nents, for exanple those wth tensilely
eleattode $46,ch sekpichelecttade 4g0 iand mylenmlmrﬂé@mm@nmwso that passage of current

bet\?f%:%{] él{:%jﬁ% es ?a[uls% 8l te\érHcaE gé?ﬁ c:)ﬁecgh ’Plgeta éﬁa ¥nayebeadeﬁned by the

strebdel hinl A1k BemBraas e 90. OTHéluﬁéih@ﬁﬁier ted SIREEEM shevidi-fitd ReRlectrodes
menbrane. I n other enbodi nents, particularly with

alsmwmseeggqltagp {0 ke ganerind hrswesndhe glectredesc E#ﬂCIrﬂQhemlé%l sysfems can be
use(a,;@r e)é%ﬁlﬂl}g § %Sﬁn%Xte tpﬁ{verb Such%s ﬂleg ARl gellSl I%I %%Jt \AB&EJXE gsn ©

one “openit ng

elec@RhEME] syBen3Ran b6 uistdad sayseahesplﬁgdnee aﬁfdircamﬁmohrmfs@ﬂms chemical
enbodi nents of the inventjon, conpr.i ses

spegipe| Blag pregent FB’P“%%}?F‘T@C“‘WY&S@@E@T C@TTPC@H%‘E?& |SY|Sé?¥¥15 in which the

s 08, B TR, 1010056 QRO VLA B iy o0

ﬁrsﬁﬂlhldd%ﬁmntl secxmhd el 450vesgectvely tdnd igisiddsicabiypioins@stam separation of the
di ffusi rrier. For exanple, in a hydrogen

firsind *F?}E{]ﬂ‘b‘ embodi ment, the grid may be sel ected from

a TR &fds@tld tmntﬁln?mtaﬁ%aﬁb flﬁéjfsdecﬂis;ﬁ)@&f ﬁl‘ acﬁ,oﬁﬁtoxfdérfuel cell. Referring to
gasses. Referring to Figures 13a and b, in use, the

Figaterl@bsthe firstifhuid 14410nnm£bbaefn@ apd tthamymbbﬂuld 210 maefdnelan caxidant. The

firs e e o i o aPuE 08 0% Sl o

electtob@t 190 €143 sold dRidelfes tceRebRoWRMeBNERBY Sless & thitefilm membrane
passage of current between el ectrodes causes a

1 Ochem cal reaction to occur. The electrolyte may be
def t r =) i i T
i nt er act &%tﬁ Fggmf Ebé’ a?%gn%ﬂgélp @Béﬁéﬁmgﬁﬁﬁneﬁ%ﬁm 1Y may be

dispdsed inf Daembralesasablgiesged sepdrhti@esybenbs00g ed atedibeghe-based hydrogen

between the el ectrodes. El ectrochem cal systens can be
separation system may include at east a first fluid 510, the membrane 190, and a second fluid

520, with the membrane separating the first and second fluids. The first fluid 510 may include
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used, for exanple, to generate power such as in a fue
cell. In other applications, 20 el ectrochem cal
waBsesBs7€an be used to sense the presence or PCT/US2004/031283
concentration of various chemidal species. The
present invention is particularly useful for
hyded geatand ahleastadirsisdiBieatysvithra fivki :atio biie hyddoped caitentttioand a first
el ect r odes, 41% 420 are jn conmunication wth both the
dilugnigconeeitations 3be gisnbaanct §9 9P gray meiige a meterind Seleetedtp be more permeable

to h%_atlé:ggn 1#fan Qo ersfﬂ@?&ﬂdéﬁ# ylt“lﬁg&q?dtﬁe ?&gﬁ%ﬁﬂft? Qﬂl@w% ﬁﬁis%c.onggluld 520 to

tain separation o irs second
havd heesndestiedf h}tdrogefnj th thenivbdituest that/is highdi ﬂmﬂmﬂﬁﬁsmaao In some

solid aoxide f cel .. rin re 13b, th
cas Gt sherRiigng WHOCHEgHLY HE el hHY - fReesutitic Fagigpagh infiniy. In
son{@%pﬁ@atﬁ)ﬁs Oa?(de@@ﬂiﬂ dﬂu@ﬂ?ls ablfidSto 18 %bﬁ& fl8id4d Cra®oriige ﬁfi‘dro gen away

anode, the second el ectrode 420 may be a cathode, an
frorm ftlee membtaneo| yte 430 may be a solid oxide fuel cell

el ectrolyte defined by stressed thin-film nmenbrane

O Referring to Figure 14, alternatively, the

Dess%”'e”slged thin-filmnenbrane 190 may be disposed in a

IMe A mAde- ddatscRitin it elr @i odd stiabé Ot fikh etentiéhe shructure may be
memr ane- based hydrogen separ atl on syst em ma% i ncl ude
subjeeter dod rangeraf sEesses Hrineperatipne Fietigiiie 1the stregsds gaused in part by

RS 0 e RSO SERALG fr ri r

betwmnl mmﬁ@ﬂ&s%w&lﬂ@dmﬁmtﬁmﬁﬁme thiebstress will vary with

gliﬁ gef st a first diluent, wi.th a first

temp 1 "ﬁ%‘lF e %é%%%@éﬂnaﬁvﬁrdoé’eﬂl?’&t di | uent
Cong QBiEAR FdrcondfbendBRREAN@inl Bn FRYNHritE sd8tufe ﬂ‘iﬁ&ﬁﬂé& such that the
selected to be nore perneable to hydrogen than to the

struffursis sthblledneughthi the petenidal istress pangee dlsinerally, i annﬁtécwmeo design the

s RibaroPlfl bR shfemPiiiin? o7 Eitee” Thaoim R g orman

exphiddfibromidnihtS0bRed seasShe ektrdRecabRly Obélt abitle@FmREYand lowest
hi gh sel ecti vi tg the second rati o may approac

opefaiifg fgraperatuges. bigshpf it inpadion as Waredire @i memaprang that is robust in
botl?ggtﬁgre ﬁoﬁﬂf éﬁgi&lild fluid to transport the hydrogen
awnay rom C}1

nmenbrane. Design rules I n many
enb@dbﬂi@ltm&i stﬁ:ssaalrthmuﬂi]lm stmbase dtridture-tndenexressiveastiess may fail, e.g.,

st ruct ur O subjected to a range stres
warg (+-$-nH Paﬂaa P%‘Fe é%(rﬂspe Yqontmesmtﬁeggh graghy Gaform as 2

resdlpoﬂﬁéﬁlgﬁﬁﬁ bﬁ&?fn:‘grafor eXRANS] 1ﬁ@hé%§éref & Q’S@qhmﬁﬁge on silicon, at higher

stresse nes and a support gr
temipetatveen Eniloonmey aldo stmwédrrmdmlonof tdnmlevenatirsaria aalemydlment with a

nd fr , fhe stress willl vary with. tenperature. In
52 e Uil manrene it ecilien Yralle, Gulpye B Sribiag combression a
ele e BRpbRAkurd gERFRBHRGY ﬁﬁﬁﬁﬁf%%bﬂ%‘likefy thih PRIRR ®P&acking in tension.
structure i s provided, such that 15 structure is

In this gmbgdnmjgjmypr tmlop@pz@hmggat lcgzyqréggpqraﬁuge@ .may become more likely
afer UK Pt dbye® pRfegr b BN Sl PR Wiperatures
enbDigH comicindistrBssbd) eifiBilm membrane structure has two features that may increase
the robustness of a stressed thin-film membrane, such as a YSZ membrane, to tensile and
compressive stress. Embodiments that include at least one of ribs (alternatively called "rails" or
"ridges") and film discontinuities may act like stress relief joints, thereby both reducing the

probability that new cracks will form and preventing cracks that may form from jumping from
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expansi on m smat ch-based stress, the extrenes
generally occur at the highest and | owest operating
W0 eppes@rar es. One obj ect of this invention i SPE€DUS2004/031283
produce a menbrane that is roeBfst in both conpression
and tension. 20 A conpound stressed thin-filmnmenbrane
one stressed thire film deamroe®sined e@emtesﬁsssnéﬂnndﬂm mqnbrane Aay prack that

formis, et ey e bEt UL it pad fgprevented from

caudiBSTRilaReoMHE kélhﬁ@mdfs@ressea eﬂplmm rthémbrage SAsturel The YFhort grid
menbrane on silicon, at hi ghl@ffl tenperatures. Failure
1

unpmsteffr%s ©dbeporgpoungrsirassed mén@nbrene paeskare. [Thiscadditional
il SR A6 Tl BB ey e

and @ite Anpehed stréded HIPEiAntbraserates Ry ¢crm15reﬁnbeystﬂe%
m)re l'ikely than failure by cracking, in tension.

t hild sgRe sAOATCNS, BHEGEATY Pathsoppressiyel sHgssae thuex&lm membranes,
{ I
i SRR Rl RERRIE FER PP AR, IO Do

therefoey ateldd¢ mopethat unespeniips e gonpyownchost oEnse md)i be—ddcluzﬁed by a
ne structure has two features that may i ncr ease

nmor
S“@gﬁ@ﬁmgﬁﬁgtness of a stressed thin-filmmenbrane, such

as BJulYeébiR thnpsehd disded %hlfﬁnﬁﬂéﬁn%ng SRRARRS | ? be achleved by the
stress. Enbodinents that include at | east one o

application o asehod !gyomaﬂricebmgn ailpsintepded fqprdgmt 'tl)e @nﬂrrendemf warping and

i sc tinuities, m ct ke stress.rel
oracRiply SRSt i Sttt o Bp B P Toui, bfils deRh il Ropeg pased on a
fhkdis of 1Bl frderpéMeetAIREREmithatomBotnt Gtraaskd @ih-fil b
Syn ﬁpo ng frgdn%év% 2005?030376%0%520%4/ 031283 -16 one oo
struemreehmrtg 1t & sepnoss grishBrda plurdity At segserddhin-Gin megbganes.

t hi f

o Thiett AR AP psc DA G B4 B B o RAG! o Bxampte
memBahdsahst, ar@beélter ablerte wdatredhdrmaivydiag sthag nieaibraiteg pafduced without

t he conpound, stres ed t hi n fi Ign mhr ane structure.
taking gntq coypsiteration; the rq ‘1?’;95‘13]%135 PR ‘?ﬁjgeéel{lo t he conpound

St R %gfg,@dﬁxmn& With MeRER{3R ifk FEh b & parddidiSrafAirbtefl fbm that of the

ness may, In sonme e I ments, “prevent or
framee dwu:mallmhhgl gf e seeysed ﬁéﬁﬁﬂmlnmembrhmnsnmybmmmmheaminbranes to
d stressed thin-film rrerrbﬁj;?ane st r.uct ur

ateigdfins SARRGF CunpbEiaT e Endtn, B TRl B e et tn which a

subfiedid is%ﬁd% I0F ¥ Whd the GRBREE BSA-Yifth Indhhibr@Ss Qe fddmBd ffﬂoh{TYSZ the
menbranes, filmdiscontinuities may not be needed t

coeffigitutseofithermal sxpagsions €K dlﬁﬁersﬂlﬁgﬁ@mﬁlﬁh‘iﬂ?%ﬂEE AW SZ is apprommately

10 %ﬁpgg ’p ﬁ.et gtcér#aﬁd agggb 518% E@ @l‘ﬁncgepa%gaﬁgfpﬁgx?agely 4tu\’155)/n95C. Because

the ¥8Ihé&Rt: edfaubivn ee@fﬁeiem:@ nieawdnedt[rﬁeaslefget thiaf 1lhdt lofBi and Si-rich
menbrane structures may be achieved th

silicpppitridatd el YotZ megbrangfexpaviagsing ﬂ@?eeqngﬁﬁammfe&s relatively fixed support
t n

gri d'c:a;ﬁtéiéﬁk ?I%g'{e a%ﬁg§ {glveggé‘ﬁeto@%oﬁ?feys’%rg p%ﬁ\%ﬁsg% E%é?ﬂbrﬁﬂéjthat has been cooled

frorg @ @elaked stae afm/@ebﬁmmammbmnﬁd wildbe strayched bysthia Sll]@@rt%rld and Si

of know ed%e % ed .experinmentally, fromthe conpound
supRqrt Hawednte @istis pY 1h%@kbr ane 15 structure having ribs,

a S‘H{e%%regs Affeinc@BéwRePlddhPletdp¥ra@fre B30 €966 op&allng Jcelrrfﬁerature of

nbr anes
800 C may be expressed as:

Stress = E(0lx (T2 - T1) — Oty (T2 - T1) (0)
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These design rules are useful for producing nore
robust nenbranes, for exanple nenbranes that are
wheioses03abl e to tolerate thermal cycling, thanPCT/US2004/031283

menbr anes produced w thout t-dKi-ng into consideration

the rel ationshi ps described herein. In enbodi nents

W th menb es VWA 4 h F xpansion rate different
fron1thatEg?“fﬁ€BY%§ #%%ﬁ@?qugrnal cycling of the

st r essed=100Andgapascale (bIPanes nmay subj ect the menbranes

to alternating states of conpression and tension. For
exa in an enpbodi ment in which a substrate is

| e
madehese By Yaree's Modiysof Sheqmembrngs | m nenbr anes are

formed fra : 1919&‘:;(' ' At S f thermal
expansi&%s%b%ﬁéyndl F%r ng%%#?Eén% y: the CTE of YSZ
I s appr oRFtempegturd0 M m C, while that of Si and

Si-rich silicon nitride appr.oxiJately. 4 m. C. .

e R8T ComERHE s SR G ECBRPioaF St can withstand a
200083PA ¥ndrl3E §L1HeisHBS stAé Bfihe khaRed Had-fith nRimbRct WithéitEilure. In some

silicon nitride, a hot YSZ nenbrane expands agai nst

emlyddémentnsthe admpousid siressed dhintilmengmbrane siructipp pn withstred tensile stresses

and Si frame.a .5 1n.a stat {f.c ' .
o= N WO 1 P e b G R e SRR Ry Pl sgrure remainsfree
of Ho®} wk&fit $4 taecoMprédsieGRes afhiphad 1200n@rat ure will be

"stretched by the support %{9‘1 d and Si  support frane

i nt&s desstiheccatrves thp siressed Bn-iina mombsane uetugs eandaclude at least two

t . r L1 e e qe
s EBDRB8L) IR 0 s BBRLR s o iy o
strebedXhiniZlm mEmpranea Thé TRo nestéd truciredMir P BOBUILIABY different length

sca@%&i%éi%ﬁérg %%9‘%‘@%3 - 17 gtggélq%j%ééajgssq%)@%eg_@glfp;g%azesfabrication steps.
M)dﬂléjx%ggét dﬁﬁ%ﬂc%mfaﬁﬁ%r of tesnt0ef bf Bk 8RS 18fcel ReFy R only 10 to 40
expansi on, an 5 T = tenperature. In an enbodi nent,

umi with acnbiestdepenties setbeing a-'¢6ll. nTine wbll sy heve abeagenashape and

. wWthstand a,. 2 a.ch e in.t stress, st at,e_of .

incltkes S HEGSEBER Y. P11 GBS ot E RO TS (PP oSirqited thin-film

meRBe") B RE fhechdificat pARRWAdu §E Ay $D iin Fildh§hre typically 0.25 -
menbrdane structure can withstand tensile stresses as

2 phi thirka TR GOpPhgrid is asnedhianielfeppestBoetyre thas holds ghe YSZ tiles. The cell

anpound.. menbr ane_st.r uct ur e .r eyai : . s :
vl PR BE TR 0GR 6L S LT S tonic
silifsn RGOSR dndegayetkay @, wititheofsit + Eameadtadepttf ofl 30 -nsotpman®he support grid

structure can_include at |east two_ nested,. repe tin% o

may glspitadudsoniskiithat mayhave aredih of Tor biod by dHisgamich silicon nitride

L ri i di t thi n; 4.1, :
R i Bt LB RSSO I L 0l s it
thedhinffdev8Z) ength scales, with different materials and

?g};, &{l% gémtgah)girsgrggs_%g %Hin—%?rfnl rpleergbrlaﬂe gt%:c eg %{a‘ﬁ)e a close-packed 2-

dimensional cell-array of the stressed-thin film membranes. It is the smallest repeat unit of a

larger structure, i.e., a compound stressed thin-film membrane array. The compound stressed
thin-film membrane array may have a diameter of, for example, 5 - 100 mm, with each of the
compound stressed thin film membranes having a diameter between 200 pm to 2 mm. Each
member of the compound stressed thin-film membrane array includes its own compound stressed
thin-film membrane plus an additional intervening mechanical structure — the "membrane wall"

frame. In an embodiment, the frame may be composed of silicon with a thickness of 50 to 500
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15 The repeat distance or dianeter of the smaller of
the two lattices nay be only 10 to 40 gm wth a

W@ wbl0asre repeating unit being a "cell." The ceCT/URBY4/031283
have a hexagonal shape and i-nél-udes a free-standing
YSZ thin filmplate or "tile" (also referred to as

pm." $hé gsded fitahienwdlislape definet ima ergeessimgngenyietdn antesch step, separately from
nmechani cal, frame or support grid. YSZ thlrhfllrrs ar

the {oppratign pithg. opBs ansd eelh wallscke.» tha @exahspiss eng fhesupgorh arid
'rrrﬁ gﬂgg }'rfe@ﬂo l’b%ﬁigra}e ﬁ%géﬁ?édb%? ddBaki ﬂ%aﬁtggeo?@&rﬁénlsﬁ)ﬁal

a portion e support
relagonshipsrreywim the thnelchesy efithestriseddethin- ﬁkm m@uﬂvras tile material, e.g., YSZ,

the ﬁnél&%g%ﬂdé%@t%gf&hﬁfﬁpgrﬁl tr dsﬁ]i%gldré{ha ok Dav e‘ggﬁ"\%}% dbarrﬁ?%er of a cell,
the ﬁﬁé’lﬂf’ékssé}ld' db%kWGﬁh@nﬁﬁﬁirinetvﬁm ah®¥heltBMBeter ¥ tHS BorRpovhd-membrane.

5 gm The silicon-rich silicon nitride |attice nay
Thef fistse of tedationghdps mheytsmmb@hmgms thae expiriencessignifieqnt tensile stresses.

it B B haBRE S5 o GEEHAAL Ml s REL fahEbA comprssive
streSdel. UApBTicativRbf Bie: @laﬁbﬂﬁﬂjs%ﬁhﬁdble?to CAbdHRITS] @ifdant compresswe tensile,
cell-array of the stressed-thin film penbranes. IS
or hoHecaimpressevs anddpsile stipsses esfables thegfogatian of stessed thln-fém membranes
o
R L BT A PSP ARG G o TG o o
Ovﬁv@mf@esigﬁ'z RiflerfoeXemylk 8tress - 100 nm with each of t he

ound stressed thin film ne ran haV|n
BRTPR GRsIoRp tepsilely Stze%#ﬁ) mhSisdnap haerithout
cr acﬁfi’ﬂg’ﬁ l{fé%rﬁﬁr{eﬁ%?gﬂe Eﬁﬂr&'térisltlmcf%@?ﬁﬂ?g @fr thé‘Yihh nQl 4RIy stressed thin

ts own co stressed th nbrane plus an
ﬁlnaﬂcﬂeﬁnedlhére |ama éﬂmehat rvgll mp@hamoudly dswl@u@ tuacks whdnhibe lateral dimensions

of (TR ereCuH ISRl aTECG T 6 RER ORI R R gy eghige cxample the
1nte519¢@ sHQ 2005 60RO 3TH, MeTiibiere94 B8 Ehf3the rdibn88ss ofegch surface of the

hicker frame walls are defined in a process step
ﬁlma ﬂge adhgpiontof thesfilapto thephbstitte] the p@l@msﬂﬂcma an@thﬁ%gqq@ﬁm‘dfand character
offt IIs and cell walls, i.e., the menbranes and the
gﬁb% grld Two nethodologies are presented for
det wmh Al chg-kaemaNihagemile! yoitreesed ithinafilm, iekbsticonmhthp §ilm is partially
bet ween the thickness of the st resseg thin-film

religeadp therbyrpducingihe propabiligy of an addytionaberppipt ormingasat the first crack.
Theﬁ&q?lgggé inf%cré og{&% %«?Je ! te‘g?érlé:y c’:tg\fv%ds c%'ciﬂh% 9Rq feqBeat s éésg Q8ief resulting

C ness an
froiepdrhiclogenetdlyrsandes dieadiviahde, betmebntshistalitmiiy trerallef cradka to cluster around

npound nenbr ane. he first set at i onshi
a cfaag?ﬂta%ré%wtcaacécﬁswwﬁgswa%%&é?lwg‘ﬁh Eﬁr@ﬁﬁeﬂﬂ dtgck spacing due to

rmh@rﬁ%&&s&% I §9R&3ack foRRaRBARE theSPheindeRIratdrRA2AH Biicked lakebed with

appl'ies to enbodi ments that experience significant
relatxynbirm@rmenzesbf ws—sraskedﬂqrpm cation of the

o BB R SRR 2Ok B ST b GRbororic, it cora
dlréc@iﬁﬁé L@cehs 868 E@h&@é&u@ﬁcyt then bPen@itdctbng brﬁtté&éﬁgé for quantifying the
thin-filmnenbranes and conpound stressed thin-film

dlrmmalaﬂveraatem%crgglbwaamg.laaﬂ llpwge of warp and

AR sroial & B olh P PR L bBcad BRSO BRR O
(B)Bidet avamplivyg fegiod suifidiaully large to be representative of the film. The area may

extend at least 10 crack spacings in each direction, and preferably at least 100 crack spacings.
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cracking is determ ned by the characteristic crack
spacing of the film A tensilely stressed thin 15
w0 pdos03s7edef i ned here as a filmthat will spone@mnesess/§31283
devel op cracks when the | ater-db-di nensions of the film
are sufficiently large. The occurrence of cracks is
(C) trahes desn travk @nthe fsamhplxgreglon, thitliees hatttetninte at sretlger crack, i.e., hasa

state of the film .the thi ckness of the film _the
é%l@%é@ﬁl ppere §5iend thercarek Wil it patersests mpotheretatinesi on
t e {
) find B8 corer D Pt Yo SHAPIRY Bf it ASOURAPLdsfileg A0h hBof film that
oy smedouhdedrisy aracla (tehsitéeley c&t:ksefrem(ﬂ)l; hndthpi does nbbomltain any cracks.
ﬁiress in the filmis parti.al reliev

bt iy S Qb 7t Y it G iphd SR Potaight line such

ﬁ%‘ﬁ {Herbgedg%ﬁreaﬂh §iab bf & 1k afKequall RRp&A AR lﬁ@é@tl@ﬁ x8thta Rhpendicular
| obal tendency towards cracking and the | ocal

ite. élélm interseetforr efsthé twmglsemou tings isrthe: Ren@f@mé igeaviity of shesiglend.
© LBt RGP LSRRI Ry BEUBLIE A SOER Fion ot e

SRS S&ebé Rlairddined dSdckiah théhﬂicﬂfgfr@jhl eﬁénglalbdiﬂhk c&bﬁ&:aﬁd}tgat the islands
due to 25 random processes. This crack formatiqn ha

mebcam@é@d mrepengently. Supeimeers all o éecalandyeiite Wanrng “the center of
ool Bhoh #1R), v T S4iA R i B & AE OGRS cab L R0

’he "char ac I'C crac spaci ng
) Mbaﬁtdi&mlm thé ¢Harmtorisdc drack spaentg s be fomnl bygvemgmg the diameter of
gher frequency th n ot directiagns. One te I que .

ﬂwslqu@w PP GeIeHEd 2y 3B eiiand rtnian By alsp b6 deddalon the axis,

spacing is as follows: 30 (A) Ootain a mcrograph of

t heP1 +£Blf’¥he cﬁalﬁeter 8¢ #aiHaddi L4 a@ﬁéés@@{hlﬁﬂﬁ@th%&ﬁlﬁﬁne 1s less than

ect a sanpling region sufficiently |arge
tvncaeqhe ewhtspaqm@m(jﬂl ditestipnd. dyloreipacigrably, 1a1@§’(11e@ﬂfjthgpell is less than
in each direction, and

0 cr ck s
Onepli‘aif%frt BFe Fpﬂ"&g@s‘fi b gBrekopsi spaci ngs. WD 2005/ 030376
PCThS2ARA03I 888 tentfel§ Gredséd thvefin nfengbraneadk defindd ey the edges of

sanpling region that does not term nate at another
the onemiiand. . Ehe edgasmay be d@@leélrhy anw%n%pr@bﬁon-é&ltf@ﬁam ip ghe membrane

thafé]r%rgfeél}sugrt s'ug aﬁﬁ%lg}rgél?cgg C gf st%@?&%foss(tﬁnngﬂ Pﬁﬂ%\'ﬁﬁtg region.

Mod@ﬁrbfé%blﬁ&h@éﬁg’éﬁ ar definéd byna tlfma@ntmustysmthemtmsi;edl tlby—ﬁlm membrane
cracks (and extended cracks fro } and tha (g %

maiesiat ey eby dgedee nsa ¥ firses-tobiet folfoz Csafc KghdNAmg Shape.
on eTflé:“ﬁlQEﬁ :‘%rbf%ﬁ ds cRACHR1And iR §‘|ﬂ:h\’éﬂ \M‘y Qs 9 tEdtlce e frequency
line such t e ar as on each side of l1ne are

of eaekaformRépeateatinesldnidsed té wmdued thh fimqpacpeh drackJ brapagation between
line, Ee intersection of the two bisection lines is

adjageat slapdsr of gravity of the island. (E) Label each

i sl @Pg st dttiredn YO Fr @t GROMEL RRERicHIALIAMRSPrebdRa thihTRBm membrane
absolute orientation of the islands can be

islamdls thtahaneeliscosimtouen Thhdistanes bﬁgwamachmn@slands isfselepfed such that the
151*1“148 giﬂ%ﬁﬁh@tcot X qsr’i{%oag geagtllﬁco)mg?pophoen clﬁg gd > while pperating. The space

betMebi9AdjAgknt REndS fa§be ForneHddt iséiie @mbedigdfents Byphotdpatterning and etching.
mai ntai ning the absolute orjentation _of each_ island.

In gfher Smbaghnastthe 86 mayhe Tdled My aseiher mateiah der example low-stress
silicHf? ﬁlltlncﬂe riﬁ%ngt%exf é)rﬂggdnmént?ﬁl% Bgderhga}l l;laefogﬁl@('frﬁ§' ﬁ{ch&l‘mg arail over the

support grid and eliminating the step coverage during deposition of the stressed thin-film

material, resulting in a discontinuous film over the rail.



the islands along the selected axis. The standard

devi ation nmay al so be found along the axis. Preferably
wo besdsanet er of the island, e.g., a stressed p¢i/nsiond/om1283

menbrane, is less than 15 tw20e the crack spacing in

all directions. More preferably, the dianmeter of the

cel AndiBer s@@stutdidnccdgndeatith Bk ideaticn ackidepacireg-relief joint between
all directions. The dimensions of the tensilely

adjasentdslends. thhione pmbadiment deinbmay be gethe ke pha 1HeSuhghaf the arms of the
113 ) h
BTN e T

forrﬁéc?ﬂ@ﬂtzﬁm@l‘én@lmﬁéraﬂén ﬂbtke}ésdfdetﬁiﬂﬁﬁﬂm tolaterinl. ansf er of
stress across the non-uniformty region.

5JVbst .
5 pr eh dhighstuctyrn i acegelanes with g Aty infhigese tpie fepigned to cause
the g&? &0Ey ﬁ fi ?@&aﬁl@ {ls SddeBNE® g}éﬁt‘%}? In'0Rb %fdb@b n%ent the ﬁlm may be
erna e edge nmay be a stress-relief joint
deposited oohﬁmlouls]ydner al gtep lﬁmm&re Unacks mile ptafcrnntmi]e*fferra ihsallel to the step

separates each island in such e the

andiy DR aeycaiou BERPAPRI GRS R ogtch R ekTEes o
r edpieRridi¢ tHer&ﬂHfoﬁﬁ&' stedss&d AEKLRA ﬁﬁﬁﬂﬁﬂeQHclﬁ@ésVﬁﬁﬁcture that separates
adj acent 1sland One structure in accordance with

10 each isdaridrto eer.tuce thej ﬁn@qtmasofsqracécsfgeraattqm in-eac¢h iglapd apd tnrsduce the frequency

¢ skands t re di coné Pan us. The di stance bet ween
oL CIaf; d’&%l?ﬂga ggerilgjg %8 such that the islands do

not come in contact during at |east some portion of

Ovérvidw IMDdsndNREsor Tgmpidysive fmess  bet ween adj acent
i slands may be forned in so

di
phof\sprstimem digension thatp pﬁq@ssgc{e mﬁlngo SIULE @'ﬁ’d%@f hawgpwithout buckling
ma% Eg ﬁ%dglgﬁlﬁom gﬁgglgﬁg flﬁl %’f? SE: %ﬁﬂﬂ?i’f@ﬁéﬁé Bﬁél&ﬁlg%[f thih %[ates (see equation 1

15  belewhaoThisedqiatioh ly&ldﬁmm@tmyhlp betfreemts thybknafss IOﬂthersgeaed thin-film

e

& $i%e Sredi Qqqhsrl‘\iféli§ rttéﬂd&l%( 8hsukd1@at the stressed
m@?’%‘%‘%ﬁ% D S e e R R oL vy erdbd gy Bhaue

thirsfilm oiemtganas ranmrfd?amcf bowi i.4, Wﬂbnqtrbueki@ ion includes a

St : Eéq%heré'ﬁllf odi 1171164& Qt%ifgee(%tge I}e:ﬁlng Ce?r}%t hg:s g’alg%,l%? sha{&)% %ﬁorted only by
20 its EJ};%E HeR e?érl’fﬁ:apisptaaQatlo For baaaingoie, 4 edinned leﬁgthaﬁ a’ﬁékness ratio that
to relieve stress. In another enbodi nent, the j

majriy tdjeratedrbeate budding aesernay boesanated by aﬁplgtng@%r formula, e.g.,
B thl ik filmmaterial. 5 Athird structure in accordance
! ]the i nvention includes a feature designed to
cause the stressed-thin filmto crack in a controll ed

|l o In one enbodi nent, the filmmay be
L deFoszr tted continuously over a step feaLLejr Cracks
tWI j@lppegerentlally formparallel tot step and
Wi 't di stance fromthe step approximately equal to
t he f| | mthickness. Preferably the conpound stressed
whefei D~f L. tnptinenideageare,ncl udes a structure that separates
10 each_ island to_reduce the frequency of crack

25 f or hEtlibéeknpss 4Ry and and to reduce the frequency
of ggalg&s£[lg§[ﬁgggthgﬁhﬁetv\een adj acent i sl ands.

o = Compressive stress in the film, and

E = Young’s modulus of the film:
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Overvi ew of Design Rules for Conpressive Stress A

maxi mum di nensi on that a stressed thin-film nmenbrane
woreapskzoses wi t hout buckling may be deternm ned PYT/US2004/031283

applying an Euler's fornula f-@i-the buckling of thin

pl ates (see equation 1 15 below). This equation

Thiyfemit i8 réletialy mbﬂvatd&emvohﬁmlémmmmmm freqllmﬂy at least
stressed thin- flc{mrrerrbrane (t), [ﬁgfg\h of the
partiallyecdaraped 4 itheiy ¢4265. mbhoFaa! %sge?tﬁa%&f & fangre dorglagped edges, so this

ratloc'gfjﬁft%q lc)o??]ldé’l@gt L g4 84 abl e conpressive

stress |sru is Intended to ensure that the
st r'Bss Edler $ Formuta dsmmﬂx@mﬁhaml‘he dritizel aspedsaatio for hexagons and

i not [ n an, enbodi.ne ressed
otheisfiges Neries REsPRG DL AP le SN 0% s veRcon
by A%Qn}bﬁfﬁ:aﬁglg 86the FHAE gnady verthitl fAlvoRBRRETing, Alrh®o bPEell diameter to
buckling, i.e., a mninmimlength to thi ckness ratio

merpbrane ﬁhayhlbbletsmlmubd @Qﬂletﬂéfb’cheemb gskier thgn @0c Uihss, vateyis based on the

ass%ﬁ%s gﬁ]a% %d%’i”iln% g#!ggél s]lr%%sn&fg%hGgg %llch% Young’s moduli of

britG@lERASare 350 GP% Jﬂm Iﬁkﬁ%s@ﬁ rdtio€ afel L0125, In SortOLAx8O1he ratio may be as
rati o of thef| Conpressive stress in the film

larggd 40E = Young's rmdul us of the film (1) WO

20011151 RS Qa[%z 0k 98— ?éé}%oséé{e&%&%ﬁﬁ f%ln'ltzr}lfn;l;gfaﬁe c?%%rrh‘rﬁléﬂ dimension may also

rel BeTVery Ceanee i'Ve es an
be di:tei’mﬁmeelq:ty%i ]Ewlelaﬁonhelasfbr thpdutlilalglof aahmmpmjboate plaei IOne may use

edges. The cr| aspect ralo will be rger  for,
Eq‘@P%‘Eé’Gl% qadht sg@qﬂvg vapaplpsiogfhe suchg, g‘afrféf{eaaéw@d The
equﬁﬁ)orp;?m@ldEQ %élaﬁ’cﬁx‘éﬁ‘lg beﬁbéeﬁ thehi8furd rfg?&led)ﬁh@ﬁﬁeﬁm?&ea{the stiffness or

e shape ritical aspect ratio for hexagons
effeande thickntssent thhegblenateraals dse. gbwwa}hmnd tiles), ths nesopwencediameter, and the

t.0 be thin 30% of this | ue. .A si flcatl f
maxifutt g a o Srs L5FGC dtiolpiylo iz th; compound
sﬁe%ﬁlthlﬁlfﬁﬁﬁﬂ@ﬁlbiaﬁe iR b GRR1d ITH b sV 8 smibane Wickness and modulus
generally be not greater than 20. This value is based

are detenm@ed,axs:umﬁn hyrihe dinagnsions of tesdivendichisiliegn nivide cell walls. The

threﬁ ?{a(ﬁ?qsgﬂqt%ﬁ{%%% éle%e ]féB &31 Sg)n%%cg naq Bla gg gmgte?sf and the effective

mer@bRne thidesd ihdSQORIIEOEE $he sﬁh@pd&ﬁ@h@ vigthbee 36 %poliﬂglﬁdadiﬁﬁh and cell
as 40. In the case of a conpound stressed thin-film

diamelgbr ane, a maxi mum di nensi on may al so be deternined

by Tk A?:e %BP&? gﬁa’sj(ﬁ e}t BE dé%@leg%kﬂ 4 Bg'tlglhal%etléﬂt e topography (e.g., with

conposi
ribs) to break the planar continuity of the stressed thin-film membrane. The purpose of the rib is

to create a discontinuity in the stressed thin-film layer that allows for some stress relaxation of
the stressed thin-film material and acts as a termination point for any unintended cracks in the
stressed thin-film material. This height is selected to be similar to the film thickness, e.g., 2 pm.
In the case of a compressively stressed thin-film membrane array, the dimensions of the
frame, e.g., silicon walls, may be set by yet another application of an Euler formula. Again, one
applies Equation 1, with an allowance for the shape of each compound membrane. This equation
provides a relationship between the flexural rigidity of the complete compound stressed thin-film
membrane array (the effective thickness of all membrane, grid, and frame materials), the
diameter of the complete compound stressed thin-film array, and the maximum tolerable

compressive stress. This rule is intended to ensure that the compound stressed thin-film
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Equation 1 below, wth the effective variables for the
structure under consideration. The equation provides
wa@200sh3ronshi p between the flexural rigidity BPET/UR®04/031283
menbrane (the stiffness or 152ffective thickness of
the cell materials, i.e., the walls and tiles), the
membmbp arrey st et rw, ignavill met buekdd. rimensuteseatively hlgh yields, this aspect

R T RN L NER. -

thicRféss! b qeK lefrectiharefytickieée atBmba@nS atler bR dct@Aflined by the
nmodul us are determ ned, primarily, by the di nensions

dm@flsmhsaofsthp irr@mbrmec\malksr Tihe élafeﬁ factqrajthat é¢t¢rmm¢ the ratithef the component

[ t &
Bt PO D St B B mpptsne v
widﬂﬁﬁhermaﬁlbtdﬂeamm&kﬁm anddtidibraas diahleersupport grid
wi dth, the support grid depth, and cell diameter. The

cel ] rt gri be de W|tha articul ar
hei E%FP@?%QB gm,@%%% SBesseif liLl , 9P Jlayiuse the following

applt Ahdfe wARki nuity of the stressed th| n- f| | m menbr ane.
e purpose of the ribis to create a discontinuity
—|h60tGi@n stressed thin-filmlayer that allows for sone
_stress relaxation of 25 the stressed thin-film
B erial and acts as a term nation point for any
s =upagppended cracks in the stressed thin-filmmaterial.
This height is selected to be simlar to the film

thickness, e.g., 2 m_ |In the case of a caonpressively
st rdsisgdhe erhowre Eanatanelaificagitiical asaget retite 1.6 theramymolength to

thlctkgg S rEt%TEne )I%ag a%e ﬁéf&)lje%%gk 4c%urs y be set by yet

ARGt Ner ap I on of "an ornula Agai n, one
L/t &@3l6 es Equat| on 1, with an al  owance for the shape of

each ¢onpound merrbra €. uat rovi_de
Thergbsh KOS APBOBBEREB T EH e @ﬁ%ﬂ of ﬁ%a SH?%S;E g membrane is 2 pm,
ane arra
one??%@fo?@ﬂ@?%ﬁ‘d LRSSt Ip Mﬂd&ﬁk bﬁ@di‘fﬁg | y

ective thickness o nbr ane rid, and .
f r afier thatenpalmsl)stresded tldna'ﬂmtmwmblfant ﬁaanmtl'ttpd;)ethe calculation of maximum

. conpound ress d thin-f|I rra
dimegnBRapr s B B ettt ot R mot et R R iperbrane is no
long& 2308 ede MR inatdifl. CORDAH n%{tér arhBtery-ih IHqiatWA 1 must be
005/ 030376 PCT/ US2004/ 031283 -22 nenbrane array w | |

subsidutedowith effective WhtameiRes thetiakivde theefEagtspf @epmptay.isregsyand materials

B S e SRR A S B S5 o esampte,

effdchioe YRIAE '3 Meodully fok N BSSgoddl @opdyceabiivie array thickness
and modulus are primarily determned by the

.di mens{ gi\$ of the nenmbrane walls. The three factors
E'ehkr24 T‘ rmine the ratio of the c&dponent 5 materials
par anme s and the effective array thickness and

modul us are the nmenbrane wall w dth, the nenbrane

whiyal tv = riefngsge walgl nmenbrane di aneter. To apply
Equation 1 to a YSZ stressed thin-filmnmenbrane, one

maya Gdengtheotfeath bllng approxi mate val ues: E = 160 GPa
10 v = 0. 23

See Cellular Solids by L.J. Gibson and M.F. Ashby (Second Edition, 1997).

The effective compressive stress will also be reduced by the thickness of the membrane:
b
o = 07 3)

where b = Thickness of the YSZ
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6 1 GPa Using the above Equation 1, the critical
aspect ratio, i.e., the maximumlength to thickness
WO 2105033Mne nay use before buckling occurs is: RCT/EIRNE031283
15 Therefore, in an embodi mertd3i n which the thickness
of th ,?tressed thin-filmmenbrane is 2m one may
£ of Tlliqkagssat (e honggearium wi dt h 47 ¢ , M Wi t hout

This B ' tressed.thin-filmnenpbrane
Y S o -
strengtisomnlthe B ailest @ the tshelf & nideweverf idhlst! d6es riot FRESnto account that the

di fficult belc use the nbrane is no _ longer a solid
stresyiSRLEBHLY ARRlid;ta the top of terpembrine.avliigh wilbiend teensouraga buckling.

E [ : off ' it f ive .

o s e P SEARR S e sl BUIoRM Ypertics
E=160reRs and materials paraneters of the conponents of
v=0t#e conmpound stressed thin-filmmenbrane. For exanple,

e effective Young's nodulus for a hexagonal
o= 1h@pgyconb is: 3 E* =E2.3 W (2) (a) where w = Wdth

of the walls 25 a = Length of each wall See Cell ul ar
t=4Gym ds by L.J. G bson and M F. Ashby (Second Edition,
w=1 ng The effective conpressive stress will also be

reduced by the thickness of the nenbrane: 6* =6 b
b=2(03h t where b = Thickness of the YSZ WD 2005/ 030376

PCT/ US2004/ 031283 - 23 t = Thickness of the
2 =24 sl 3BHb2ThY § Moo (Fhisdaqter qoaverts the diangseradamhaxagoa into the length of
asidés)hat it does not include any contribution to nenbrane

trength fromthe YSZ tiles or the "shelf." However,

it al so does not take into account that the stress is
=> chHriSedviPhy applied to the top of the menbrane, which

wi d to encourage buclding. 5 A characteristic
9Eh§>§a@%ﬁ§?l y shaped nenbrane has the foll ow ng

Prgpgibstifing tike skifed@AnNResaRto Bnakof 2onelHRInd™M
=2 La=213
=2 L =0.85 mm
Note: Other honeycomb geometries, for example, triangular cells, may have very
different effective Young’s Moduli. As an example, the equation for the effective Young's

modulus for triangular cells is:

a
See Cellular Solids. For a YSZ membrane, E* =52 GPa, and L/t = 68, yielding a maximum

E =E-1.15(-‘3) (4)

dimension of L = 3.4 mm in an embodiment with a triangular cell.

Despite the possibility provided by a triangular shape of having a larger maximum
dimension before the occurrence of buckling, in comparison to a hexagonal shape, hexagonally
shaped stressed thin-film membranes may be preferable. The latter provide a higher ratio of
active area to support grid area than is provided by honeycomb structures with triangular cells.

It is noted that fabrication of stressed thin-film membranes in accordance with the
methods described above has resulted in increases of yield of about 80% for membranes

subjected to thermal cycling up to 800 °C.
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10 w= 1.5 gm b=2 gma = 20 gm/ sgrt(12) = 5.8 gm
(This factor converts the dianmeter of a hexagon into
wo b@sloasgé h of a side) 4a*50MPa 15 4E*=6. 45QRel/B§2004/031283
substituting the starred quantties into Equation 1,
one obtains 4 L/t=21.3 4L= 0.85 mm Note: O her
horEyoagtivug dendeseripgion, Where exmppdigonstare dmgubai agiedvirg, including, or
may. have very 20 different effectiv Modu] i
CompXisiflg PRES ICBMPPRYITS GF BT Progssses pee e apdayggngelyding, or
co g%ﬂigus%e&ﬁﬁ 8&?(!6@@9%5%2 1|§@dn|t l__%l?teg Fhat cor'f:r osnil-oan:]sgﬁf tlyyﬁresent invention
alscGRmsistierdentially-or 6@, copsietl ofj thy rwtn@mmpmenm mmabﬂne q»tocl@sses of the
= 3.4 mmin an enbodi t tr r .cel
pregsuL e R s BB b A A da B Ehp TahE g Bresssbikaes.
of 1RaNdUMI b8 uh@ra8hd FRXIHEWRIer GF Bfepﬁbmd&%pg@ffdrhﬁng certain actions is
_occurrence of budding, in_conparison to a hexagonal
imrgttenid so hengaasshainvgntighgpainspewble dMetepyerf iWomer more steps or actions

erable. The latter provide a
In@ﬁﬁ%ﬁgFﬁlé?ngxggﬂw§%§§ve area to support grid area than
I S Phcovbetaibnaybhebaiidd mtothestspédfic Wrind withoan@tpasing from the sprit
cells. It is noted that fabrication of stressed

or espenfiak gharacissistipsirersof nheclogieeineanbadimenth are Bereffas ifsconsidered in
d of
ol Gl R ALl MR R PR BB e D
up Ea]:h&ﬂ‘@h&patm d2Oa5EMIS BT/ ﬁ:ld?ﬁ’ﬁb PSBNGHib08did88sed-IRfeinabove is
Thr ou ut .t he scrl ti.on, where conpositions are
incorgerafq dregfgefﬁ’ﬁ P2 fT A PHERASES or  conpri si ng
spegnﬁtg(ﬁgﬂﬁgmgnts or where processes are descri bed
as having, including, or conprising specific process
steps, it is contenplated that conpositions of the
present invention also consist essentially or, or
consi st of, the recited conponents, and that the
processes of the 5 present invention al so consi st
essentially of, or consist of, the recited processing
steps. It should be understood that the order of steps
or order for performng certain actions is immterial
so long as the invention remains operable. Mreover,
two or nore steps or actions



N N L B W

W ~NN N ke W

—

may be conducted sinmultaneously. The invention may be
enbodi ed in other specific fornms wthout departing

w0 e@s08d3es sprit 10 or essential characteri stiPGI/US2004/031283
t hereof. The foregoi ng enbodi-#8nts are therefore to be
considered in all respects illustrative rather than

1. 1 M sirf@uRtohipeisingvent i on descri bed herein. Each of
t he patent documents and scientific publications
di seiupperd dppiag adBshapeniag; adcor porated by reference

her oi ‘ e e '
200 B AL E R Hhiprde® gBSPY dedingfle st opening, the
firstcargpsed shinefiln?mambrpp @ohtactafy aileagt afifsi pation péthiersgppatd '
3 afirst tensilely stressed i n-fil mmenbrane .
di syesseia ﬂﬂ%ﬁ’é& kY PSS *i’é‘t‘hg‘b Bifmibgane Prifes 4 pgpbrane material
havﬁfgr LB a0 ofack Efﬁﬁﬁ@ﬁt@ﬁ@f SRANbRCHAINGT AnihiBRSE dBnension of the first
Irst portion of the support, 5 wherein the first

strebsed shindilyn membese dnd snthan ften timesthe menisomp dingension.
menbrane material 6 having a characteristic crack

spagi n eat gr._t han one-hal { 1 N i (o] ¥
2. SR PR RGeS P P8 R Pl AR AL ARl ecent o
first $)RRideS thelstriiBBird fethed i mension. 1 2. The

structure of claim1l1, wherein the support defjnes a

secosrgorspisnsilly slegssedhin-filsn peebranerdisposedyignsehige thergoond opening,

strugture furt i SN . il
AR R TR —

secqhéle@BOkdtgnd tehsildle seesahthisfilne asatbrate confprisas the membrane

menbrane contacting at |east, a second porti of .the . )
e SOtk s R SLHE i dmension o

the g%dgﬂ%las{ég OB EAR S &RNREd SRBledhBalRARIAR ehSmiBi@t @mension of the

characteristic crack spacing is greater than
secomttehsildy stfessednthivi-fimmnginbeansi on of 7 t he second
stressed thin-filmnmenbrane and | ess than ten tines

t he_m ni num di.nensi,on, of. t he 8 second tensi .
3. oo BES Rt At PR e B binsGag B n GO fks find scspnd openings s less
thaf bR AindmuhiBmehdoRoféash apetinpet ween the first and

second openings is less 2 than the m ni mrum di mensi on

of each opening. 1 4. The structure of claiml,
4. whe¥ b sinichie AERBITBA eVherl the perdrans indisppsedyn amarrashand the array

. Al el . intbéﬁ%i] Fgegﬁfgg thin-film

mcrﬁrlélﬁggglrl}%egltgﬁgéﬁé%gﬁ tﬁléfs)hhﬁiﬁ{oe ggglt?&réct ure of claim1,
wherein a shape of the opening is selected fromthe

5. gr olihe sttuctra o slhimd, wheterxeaghenabf the quenieg istseleated dioam the group
and circular. 1 6. The structure of claiml1l, wherein a

cor{?ﬁé‘§§-"§é"c’@ﬂ%1 A4ty r’(ﬁ‘ﬁg?}f"nf“ﬂ%c ‘i}gifort defines a first

2 shelf and an extension, and the stressed thin-film

6. MenppaneeBbaelasina, RAEirtNcrots-{ddBordl hoftioE e subpdit defines a first
The structure of claim®6, wherein the cross-sectional

shepioandi aprextsisioh eangl thp siressefiethimBln membrane contacts a portion of the first shelf.

7. The structure of claim 6, wherein the cross-sectional portion of the support defines a
second shelf disposed in parallel to the first shelf, and the stressed thin-film membrane contacts a

portion of the second shelf.

8. The structure of claim 1, wherein the characteristic crack spacing is less than 1 mm.
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2 second shelf disposed in parallel to the first
shel f, and the stressed thin-filmnenbrane contacts a
w@2@ensi3on of the second shelf. 1 8. The struck@r/ESwh4/031283
claim1, wherein the charactebstic crack spacing is
less than 1 mm WD 2005/030376 PCT/ US2004/031283 -26
9. 1 9Theldu@ictird ofbdlainel ofhartiaitin dressedehioHnt membtane ssdidposed in an
thin-filmmnenbrane is disposed in an 2
elecgioghemisalyidieBal system 1 10. The structure of claim
9, wherein the stressed thin-filmnmenbrane is di sposed
10.1 N PreS@hicire 8f QXinfle, WhiekinGRd dtresded khin-ARLmSiblifibds Gispdsed in a solid
claim1 wherein the stressed thin-film nmenbrane is
oxidi fbedld in a 2 nmenbrane-based hydrogen separation
system 1 12. The structure of claim1l1, wherein the
11.5¢ r’glissglglcilﬂé Or {lhlln{nl [RAREARE GO0 hEESIA HBh6ah&ls d[}%qosed ina
sel et romihe group consisting of copper, nic ,
meRBtanatiassd hydtddeh Rephratidhesystem.  si | i con 3 car bi de,
alum numnitride, an oxide, and conbi nations thereof.

1 13. The structure of 12, . wherein the oxide is . .
12. 5¢ E]&%chfqr%ﬁag ¢lpim L wheye 6h%§tge§§q@gthwr§]83({n8g§radlle cogprises a material

selél%'tédnfhd}ﬂ e SB8LH L¥AsisERE %E’Eéﬂﬁer,‘iﬁ’&@l,?aﬂzﬂﬁﬁxﬁ! MBindh QRenium, silicon
ant hanum ~ magnesi un] nanganese, samarium scandi um
carlsiilé,i abaminust witte ampxitle tandicombinatioes thetged. yttri um

zirconium praseodymum 4 and conbi nations thereof.

1 A struc e .C i Si g . | i .
1.7 Hhe SpBhFb KSR e RGP SRR o s o
alusirinh, i eShmS SHFBRAsH] cobhl, Ieftiess e, iitherfunl, Mapasiinanmanganese,

di sposed to occlude the first opening, 4 the first .
samarives Seandivm,rsiliqonnstrasiibma HENEEHtMETIWE, Yiriynezdjcopium, prascodymium,

first porti.on of the support, 5 wherein the first
andccé)ﬁ?)sl?‘%%%oln\g/g}ef/eog‘t ressed thin-filmnmenbrane conprises a

menbrane 6 nmaterial, a critical aspect ratio for
14.buckl stragtued canyeisieybr ane material is greater than a

ratio of 7 _one-half of . the m nimum di nension.of the

£ | 18 PURROBACAEIER St gpepiaFIEatigr LY PEaing GRpRIgt o

8 n?ﬁpé't% gre@ﬁgelgf REe&Ed tHit-Blm 35REFhnd dkpRRed & odelklthd Brst opening,

is I'ess than a ratio of ten tines the mninmm 9
thedirstestrsssed thifi-filenébrane opadting at eastiadishpasiipe eEthe suppest,

stressed thin-fil m nmenbrane. 15..T ruc .

cl aieemt Srtt?f)‘??prﬁﬁlggﬁ'ﬁ&ﬁ’sf &gé?ﬁf%%gg%lﬁ%srec%%ogﬁ %bs%%ﬁr]rbembrane
mafifiaBaRtichluspdi® ratid fot bedkliapenignerhhiensinategiblis@reater than a ratio of

further conprising: 3 a second conpressjvely stressed )
one-halfiof thie minimsn diveergicnfdeaitishorsaing iga thisknsss eb g stigssed thin-film
openi n he.. . i n-fi . . ..
e S AN R B8R ten s the i

dinSeHRidardf théfimwhesening tbhiee hivkaed of drptessi vidhyfilst mesbede.
thin-filmmenbrane conprises the nenbrane

15.  The structure of claim 14, wherein the support defines a second opening adjacent to the
first opening, the structure further comprising:

a second compressively stressed thin-film membrane disposed to occlude the second
opening, the second stressed thin-film membrane contacting at least a second portion of the
support,

wherein the second compressively stressed thin-film membrane comprises the membrane

material, a critical aspect ratio for buckling of the membrane material is greater than a ratio of

i
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7 material, a critical aspect ratio for buckling of
the nmenbrane material is greater than a ratio of WO
waQBs/0Beeo876 -27- PCT/ US2004/ 031283 8 one- hal f POT/U82004/031283
m ni mum di mensi on of the second opening to a thickness
of the stressed thin-film 9 nmenbrane, the critica
one-halpaica minjiyum figrensigrief thsgerand epgaing i thickngss of e siressed thin-film

memtbka{H%S e |3 84 %%%6@}%1% i mhg i 10 tﬁ%ﬂea Fdilo®ir t%ﬂé%egrﬂmmum
t he f I C ness e stressed thin m nmenbr ane,” an
dimenkion b ther fiksi geeningsp ¢lod thickhess of dre dresdetl ithig-fils hembrahbaand the

e e e S BB S TR 6 o of

secoﬁ(!f' bﬁerﬁﬁéf@tﬂ@ﬂ@&l@h@% of]thégscresg_éﬂlechﬁxtﬁllrﬁﬁa'éfrﬁrﬁe claim 15,
el n di stance between the first and second
openings is 2 less than the m ni num di nensi on of each
16. opé&he pigucture of claithd Sswheretua distaficedicaivennithie fivdh endpsasondhepenings is

ane.is n_array, the array 2 includes
tess QR PG BRTEE oL BeB2eBUREY: 171 m hmbr anes and
openi ngs, and a critical aspect ratio 3 for buckling
17. of Thé&r@tirayf ckith d4swhérain thiimetmbidne i98isposat in afray, the array
[ ion of the array.tq the 4 effective array

. _dinensio
inchids & RRERIYY Of finst stsessed s 1hm dneaptaanse 68 aPTRIngS, anghie ratigal aspect ratio
e
for by S P A R REE et S P SRR I B TREREAT the
effectivaiarmait dickueer. ei n a shape of the opening is $el ected
fromthe group 2 consisting of hexagonal square

18. 3 TRORES Bl oF S Ynlbin e Pl ipe ot Kt eflipp b membrane

Inm@&ﬂgqggﬁ%ﬁ4qu 2 shelf and an extenS|on and t he

stressed thin-fil mnmenbrane contacts a portion of the

first shelf. 1 21. The structure_ of claim 20, wherein
19. t hé&he plgucturs o€ elagn At Wheteingrshape e gpenieg is sqispted demythe group

S to the first shelf,

cmmﬁﬁ%@%ﬁhéﬂ%b&%?@@&% &gn%afpgﬁgh%rane contacts a 3

portion of the second shelf. 1 22. The structure of
20. cl @hestitbtureloécirim 14 hehabimraaabdsricstionzal pordiok oﬁﬂﬂ(siupgor't defines a first

ess than 1 mm ucture of claiml

: T
shelf and ag; %’fteﬁlﬁléns%qdéég éfaeStS?ff tﬁmrf WWWB%“&&@HF‘Q“& @5%%# the, first shelf.

an 2 electrochem cal system 1 24. The structure of

21. ¢l Fhédbturade ERIM 20NEhSkIaES 8dsd-fictlohdl hoaﬁmrﬁiﬁl@@alppﬁrt defines a
di sposed in a soli d 2 oxide fuel cell! 25. The

second phedf disposed 1rt11>wliﬁ1 iothedingtshelh apg éh%atlreé@éé@ntﬁdnnmmlbmne contacts a

iLgposed in a 2 nenbrane-based hydrogen
port] eg?\'ﬁ%ﬁe%#?sﬂs%s‘?em WO 2005/ 030376 PCT/ US2004/ 031283 -
28 1 26. The structure of claim 14, wherein the
22. st Tas stewttibiof ekairh Mipwhtieiartke clongutérists ceackBpaingds les? than 1 mm.
sel ected fromthe group consisting of copper, nickel,

23. pall"ile strgcr’crlllre% altah{l"’im wﬂgrglrrlll tﬁénstress!séd hi film membrane is disposed in an

electrochemical system.

24.  The structure of claim 14, wherein the stressed thin-film membrane is disposed in a solid
oxide fuel cell.

25.  The structure of claim 14, wherein the stressed thin-film membrane is disposed in a

membrane-based hydrogen separation system.
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3 carbide, alumnumnitride, an oxide, and

conbi nations thereof. 1 27. The structure of claim 26,
wohersasos7s he oxide is selected fromthe group PCT/US2004/031283

consi sting of 2 oxides of al4¥m num cerium chroni um

cobalt, hafnium iron, |anthanum_ nagnesium 3 ) )
26. neRbestesaire shatim di whareindbmstressed hmndin membranegomprises a material

t i . .
selecttédaiﬁge}ggﬂg ngrt{)ﬁ# g&péésldﬁg %Eéé:{e&" gih]%lé% eggdc} Iilaélél_lm,&hemum, silicon
carbigdé rdhehinue sieidy; bs brige, addosibpdiohs metfebﬁl ng a first

openi ng; and 3 a first stressed thin-filmmenbrane

sin ne, nmat e |aI di sppse cclude 4,
1. ¢ ot il B’éﬁg 264 Weetpirits s SRR o F gy consisting of
ox1d£§edf{%ﬂlﬁﬁﬁuﬁ10 @&ﬁﬁﬁ' Mgorfund, @864t Rafnlulis lird0 (dnkiRRuRl nfabfestum,
support, whetrein at ‘a first operating condition,
mangéamese, smmrusn,rselmdsqahdlnmf strontiventitanien; wieringi, yttiym, Zirconium,
st,ressed % material has a

he ..
Prasqod i AR P l%nggg%%g’gi ng greater than one-half of

a 8 mni me di mension of the first stressed thin-film
28. WEAb;hﬂB@rc%lﬂnﬁ -:than ten tines the 9 m ni nrum
di mensi on and at a second operating condition, the
f| 2 suopertrdefinmg a fishopening Ahbr ane 10 is conpressi vel y
5%?5% ggesggcgth?n Erhtrﬁ rafSdy IS{ dl‘ﬂe BFand lﬁﬂf%ﬂep gls?f)sed to occlude
anerraerla |sll ertanara
the fﬂﬁt&)phﬁkl@, thé fiast riredsed thighfibe msemhaxm‘ cdnkeetihg asleas pditst@rtion of the
to a thickness of the 12 stressed thin-film nmenbrane,
SUPPGHd the critical aspect ratio for buckling is |ess
thafeRid Al RsQpekffh c@;ﬁdﬁlbﬁﬁe FRe st MR- ﬁlrﬂﬁféﬁ{b‘?&qu tensilely
t he P rst opening t § hi ckness of the stressed
stres$dui amdfthd metdbrane mbateniad haaa z&rao&emﬁerp leotk spading gieagr thae one-half of a

. .Structure of .0r..28 e et risin
minify Seigpiof o e Bl i S GuipppPEngand R GoaTen tméine
miniBRENERENsi®Ard ot QlsBddnd oPerdtih® SeREkid) tiid-firk MeBRIANKIANE M membrane
to occl ude the opening. 1 30. The net hod of clai m 29,

is comqswercly&@fn?ﬂed @ g crificg) rawicmaﬁg for tngkking of the mgeraneymaterial is

e U SHORRF 4 BIBELA Rk P Dt Ry HBRBE Lk fickoess o
streskddl thimk ﬁlnmnmfﬂismn encChBcAtitA abeihratib €orshipRibng isdesd theéh a ratio of ten
the substrate; and 5 renpving at | east a portion

times fie rBinlBYm skmensigy olobs firs esm&@ﬁhw@g@@&fw&wressedztbm-ﬁlm

The method of claim 30, further conprising the

f 2 depositing an additional material onto said
stressed thin-filmnmenbrane. 1 32. The nethod of claim

29. 30A méthoebhfoiming thg strivdurs i plarh 1¢ bfyor 28 sthe ntethast @pwprising the steps

of of :

memjo{eﬁﬂe:
step o

forming a support defining an opening; and

forming a stressed thin-film membrane to occlude the opening.

30.  The method of claim 29, further comprising:

providing a substrate, wherein forming the support comprises forming the support in at
least a region of a substrate and the stressed thin-film membrane contacts both the support and
the substrate; and

removing at least a portion of the substrate.
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2 formng a sacrificial |layer over the substrate; 3

defining a cavity in the substrate and the sacrificial
woaysrzoxdcat | east partially filling the cavitycwiuskooa031283

support material; and 5 renovng at |east a portion of

the sacrificial |layer to expose at |east a portion of
31. a Tirpmethod of tlave 301 further commsising thestep P&l .

depositing an additional material onto said stressed thin-film membrane.

32.  The method of claim 30, wherein forming the support comprises the steps of:
forming a sacrificial layer over the substrate;
defining a cavity in the substrate and the sacrificial layer;
at least partially filling the cavity with a support material; and
removing at least a portion of the sacrificial layer to expose at least a portion of a top

surface of the support material.



