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netal | ization for 5 mcroelegtfanic applications, using polycrystalline
materials. As represented |n |gure 1, backend of the Iine (BEQL)

i nterconnect netallization 10 often i ncI udes an electrically-conductive
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m croscal e or Nanosca eat ures pol ycrysta sf’ruc ures
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boundaries, Si'X g Oé’e ANt EeT ‘8 PR rfyhaf €8T Seabl e
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entails formn ayer fructure th I'nc es apo ycrystalline
| ayer and atpcllé‘5§¥st&ﬁé““t?oﬁ%f”rcéi‘ﬁ‘i"%g Iayer The mul tilayer structure is
patterned to formfirst and second structures, each of which 5 includes the

pol ycrystal |l i ne anthsconsdchahtinngad a¥e SecMniheasdy LRhgeH hEsdraat oGRS
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t hermal expansi on olycrystalline layer ©o first stlruct ure. As a
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| mor |ess, nanoscal e structure (I e tructure wt
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as is the case when the polycrystalline layer contacts a second layer with
a lower coefficient of thermal expansion, stresses induced by the second
layer will cause this grain growth to be predominantly lateral (i.e., two-
40 dimensional and in the plane of the polycrystalline layer) and outward

from the patterned edge of the polycrystalline layer.
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Thus as described in nore detail below, a significant advantagéd 4f D€ %%01',
approach di sclosed herein is that a range of nanoscal e features can be

sel ecti vavgof/eseeed for devices that may be enployed in a weggaeibeky Of
applications. An inportant exanple is the f£orm ng of nanoscal e features
from conventional circuit netallization such as that showm in Figure 1, in
whi ch the electrically-conductive layer 12 is a polycrystalline |ayer

sandw ched betV\/efn a ﬁgi of (iljiffusi on barrjer |layers 14 that serve as 25
constraini ng | ayet - *Rotfabl'y 2°Phe SpBrHEERCHISTEPOTER® Rk &PR TRIRBS Use of a
phenonenon ¥grahiygkrtHitlifefimded e Mt eedens tauebaw, tast oolwidseat he case
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inveption will now be described. . in detail by way of exanp w'th
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i croscal e Jeaturg, Lor. yge 1) Mechant cal applcations,, i1 gures 4 and 5
represent process steps Tor 1ormhg nanoscale f eatPeStiRat ot dr AT FEPED
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nanoscal e fuse for electrical applications: and Fi§ghrdrG e - 11"%8pr esent
process st eF®TPOT 6t TG P ITEA0SEAPECDAR- STWCEBReS PTRe% oY $usdl a method can
appht? cati onm ubed mst hargpnefiter Péchrerbeodirieat, meanoseal ¢ wtiogLt Wres or
conponent s Anesfimaethd meMm & .nul til ayer structure that includes a

pol ycrystalline | ayer sandw ched between a pair of constraining | ayers by
initiating lateral grain growh, Thus, lateral grain growth has been found
to occur with 107 1HSt 4T I9°2a856A TOIRER 592 bt B6Lo%r t 2nBtaEiti 92nt eAvatecesses)
i n whi ch t hiéenerriopFy atisehedes petaier redhto f grnys wéhnoorvehd ifeaakrdai Eanlitde

i Nt 80 connected easiveRy aforinb@ e rafeh iRE alhapafts,: bkNedt1GUE@S n2a aRte3valiie, upper
di ffusi on hapni&leibayver al40b-t08 lo.dBtald izatign:d0 of Figur elfeg%s geen
om tted, allow ng the grain boundaries of. the EO ycrystalTine Tayer 12 To
be schematiCal'l 7 represént €d o™ REFP 1R ESTY SEE™ t3ie "l RAAYS MidBtersi hed™t o
be active iWi€audienglecareeally( comudr Hendpxrral} &F @i pogrowbtrlliine. laygeai n
growt h t hatsanswistiest sntwieah |ay phir tdfed pd faBeor0bat AeePOky&Fsy 3t adHacNgetayes 12.
20 #4 gures Q%n@%i%iﬁ@&ragégglt hgt%btlypltcﬁgl af 32 0n S&JsHE&%dehgieiar‘lnmég'e_sadsealclnfoy
pol ycrystal i ggngmaexer t%%taxxit er QC%QOSI ti on by such me% ods as

el ectropl ati Ag, Sputteri ng, “evaporat16ne cHENFR S 8r ity spealowdpur the
deposi tion,®3&fcit The Hrarrist feriuir ecwedet ext atetotcahehpot yetyseralali aeer25
| ayer 12 widntedepend: ortadnyatastsor s) incl udi ng deposition conditions and
the type of substrate and barrier materials used. In one exanple, the
avetrage grain size.of the. Al - ol.ycrystal line | ayer 12 may be on the,

or dged;;1 of about O%Sf)%ust 8 about ZGd'BBIOCriﬁI?efn)éae%osﬁhfeldwﬁytlecfneé’frgmoﬁt Phglescribed
sput t eri ng,*"eaForaby gAY O cEhEHicc &t lYori Phy St ersrofaporthde podiowion drinend3o
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two featur %sre16 and 18.have been delineated by a trench 22 int

. 3 1 : . .

metal | i zation ?Lrbt., The trehch 22 delineates opposi ng edges 24 and 26 of the

featUres 16 and FE8Ur§egpetd PvETRFESThHe PEPRESN T LB NERS 2 daRisi 121er
with one end stabilized by a microscale feature for use in mechanical
applications;

Figures 4 and 5 represent process steps for forming nanoscale
features that form a fluid restrictor for fluid-handling applications;
40 Figures 6 and 7 represent process steps for forming a nanoscale

feature that forms an optical switch or light filter for optical

applications;



"35 and 26 is shown as being approximately equal to the average I&ECZZ i
in the polycrystalline layer 12 (e.g.) about 2 to 3 I m, though e Ql&f
Jlesser |iweospmed ng coul d be enpl oyed. The grains at the edgesBifomwsd 26 of
the metal pad 16 and netal lines 18 are seétioned by the trench 22 as a
result of the patterning process. Figure 3 represents the effect of 40

sel ectively and | ocally heati ng the feature 16, such as with a | aser or

el ectrical pr Obe e&ug Qné ’an% Bge e%g:e%r%ce?ral répgrp\gt Qororr]:lpg:’lglrl%% goale fu

grains at the edg featur gure 3 ateral-
14 D E C 2080F W%ﬁé%@‘a@pﬁlﬁéﬁ@oﬁ‘élom grain growth has occurred such
that a third feafigwee20hasd bdenervasented ofeomsthes fok yonyshald naecdcayer 12
bet ween t heobakwieth lfayefieciddicapr &R6tidi@nacr oss the trench 22 so as to
abut .t he second feature 18. 5 In accordance with the present invention, the
third feature 20_is the result of stress conditions in the pol ycrystalllne
Fayer 12 during Pheé o8 FBRIYIMEREt PERAPSCALS FHUCPIERSeAr THRAPTEF £FR
Al- Cu pol yctyed| fiarea| mpisi layrhasrigthi gltdépt coef fides enpolofcrydrerliighe layer
expansi on t fadawh Biged bk aMietnh aRdE 0 tohSiYad ARG Lkl 6hes barfdiRiat AYeiSceklr but
s 10 physi galikyoCORSt rAlaet R LNG AR 148l FUEl Socli? colits BoTaoULL, O, L he

patternl ng ra Ion t he atterne edge 24 e feature 16
arelfeft wi %ta ﬁé’faﬁtl ound‘é‘?g R BF S BF T dIP PR L AR TEFSES%As Yhalght rBfei n,
grains withm¢ EZatHARA 5 RagrinAd bouddsr isesh sraavent ivapl ecigndit jifhterconnects
sufficientlys heated,inssibjr@cheda0 badseral (two-di nensional) grain growth as
15 a result of the diffusion barrier layers 14 inhibiting grain growh and

t her mal expansi o t he po rystalllne Ia in_the dlrectlon of the
t hi ckness of the Prrgilgflfl Zat ?%dﬁ 10- VBT A ¥§théﬁn aSTRAFT iMESRa REUMEnn can

be dSed to Predictating Yo ogr &g griowen Qﬁ?@e?m%@ﬁ cdRdviiconse Based on
t wo- di nensi onaldagted Rfgriewbblnodetdngne vikear t 1ie cedge s24emeft ithe f eaprdsendds

f rom whi ch gmenpllrlciuéelaettw aqezgegmwgm@et%%me@ estley s beated, &%Q%‘I Iy to
a tenperat U{e bel o erature of the Igll yer sé i ne Tayer 12

(e.g., abou 66% menf %‘8a<§‘? r AU al 150y Y T hYs HHs Wi t hin
t he heat ed %ﬂﬁéaa‘ffcflés W tthe|%1§§etcrfaﬁh%®elgﬁﬁr5ﬁa b’tiﬁ—dé‘?!(eé”s 411 grow to
eff@étively forma nano-scal e extrusion that projects from between the

di ffusion barrieridudgers akd i tepridct fl@nehp221 bl gU:FLQ:nge add a3, a1L-08
feature 18 Qﬁ%ybs&@cwgés%qlﬁé 13, 6ANG %&eerrg pégt%r( wyrc% hetch' ng or

ot herwi se renoving the |ower barrier ayer rom bet ween

pol ycryst al F155&7 PRyEr°92 SQHEItetrhﬁguﬁﬂé??ﬁﬁtﬁ@ns%m%ﬁle)’r cﬁhyﬁyc%le["é%‘ﬁ vel y
et chi ng t hedggsstiat eets-onTherseath sthecpuoleyend seatibenet | Enpepolhv2ryTte 1ee hod
desetei bed hedyeirnii sviusetbpead for madheattddsd featuut ey 20paSi Abn aduHsienst Ona

stai |i ze opg end. ofe Lhecant ihaus: featiie, 18 3o LBNAL YR SALUGLYr es

and conponents I n accordance w th dgresent invention are shown in

Figures 4 thr8agR T2 1% “Fi gLrdeg 511 &H LYCEREC S LR ITPY ST i'0n™10 PRat” 5¥8n
patterned terdesrat taReu¥ é’atoﬁ? ¢S 3ePund0 3 Wit derepposi hy abrvg tperlaltied,
patterned eslgesedihandvadbrsepar atethbyi@lt bentlys281 4B8pdd gupesixishowahthe

resght of 1Qaahhy.hiesking lgV\Qma@girp%g@zleoaga@a&bl@@%%e%a%@gr&@ £9 fREM two
pairs of e]>(<tru5|ons 38. hne ext}{us gmeta are al red so

ethods "as lit t t
restrictions 48 &re forired™ w thin t e tTeAch™ T8 TH *° 1% Cﬁéﬁgz%ﬁ) PYwo
01/ 69664 5 ‘F}GFPCBEPJ. f/ee)tllgga 16 and 18 have been dellneated by a trench 22 J.n the
metallization 10. The trench 22 delineates opposing edges 24 and 26 of

the features 16 and 18, respectively. The spacing between these edges 24

35 and 26 is shown as being approximately equal to the average grain size in
the polycrystalline layer 12 (e.g., about 2 to 3 1lm), though greater and
lesser line spacing could be employed. The grains at the edges 24 and 26
of the metal pad 16 and metal lines 18 are sectioned by the trench 22 as a
result of the patterning process. Figure 3 represents the effect of

40 selectively and locally heating the feature 16, such as with a laser or
electrical probe current, causing lateral grain growth of one or more

grains at the edge 24 of this feature 16. In Figure 3, sufficient lateral



such an enbodi ment, after lamnating a film(not shown) to the syr f
0 ( ! Jot BER 2004

the netallization =0 to enclose the trench 28, the restrictions
restrict W@pdedsbow t hrough the trench 28. Figures 6 and 7 pdpaBénabsy a
simlar enbodinent, in which only a singled4extrusion 42 is formed to 5
project into a trench 44 that separates a pair of features 46 and 48
patterned fromthe netallization 10. This enbodinment is useful as an
optical sw tehirgrbivointhaki I t 1 nano-scal e size of the
ext r usi on 45. 1Q§The ap ro%%%%é%ié@fﬁgﬁghe?g%h“?ge%Tgﬁ tS &PHI LTS eFBrsiesy
nano-scal e &f 8¢tTIECRP P CENPoHENtS PYFT a MPeIGED ridsi bad eneldvEromat he

met al | i zat i BACIATFEPE FI*GEF 18, trensdi £2 ob édeabuates SQ aBeorb? raz|iehoywn as
being interconnected by a third feature 56 but otherw se separated by
trenghes 54. The 1t,r eachasndé .2 o} ing .defined so that the
features 50,15 and 52 have op gggﬁg anéggagarfelo%dﬁgg'gﬁlgnﬁaﬁﬂfedﬁhlﬁhe
third feature 56 has twS etges® A3t ‘&r @epBP YEHYs @l dre tlovehd 2edgesigb8he
and 60 of thecFdgedriratsprentdeny. Thethedgeses8 anthbB) ofe thecd eat ures 50
and 52 are sphcetsaphrinealdiest ancasthatighs: lasgﬂ‘qu&lryokeéérwﬁfgxgg equal to
the averagecgiricheSt Z&nQfn tha, POlYELYSLAL! d. 08, L ayer, 12. 20 F1 gur ]
reppgsents thqﬂkg§¥ltC%Ltlocalhé,heatlng't%e ¥ our regldﬁ§'o? t R84 rd
feature 56 Whare 1% TN EUE8S 62 HhAterEEtt Le¥EseliyesASs aneuB0 o6f thehe

f eat ures 50PAMETERNY AFCseTesareinsf atdre heabhngerprdcess, 24 o8 cleX EaSI QNS s 64
have fornedadudeto wrtai orgronbindt i 4hesea@ghabng0f, the, %kixpouyscrtéggh%l line
layer 12 | ogadead, Wrtdiind GO0 EGUHQUSH : tions of the edges , 6C and
62. The extg&@iggﬁn% pLOvide_t h.egt%?r%tg&?gerg%rgéwg%rvl\ﬁ haraenuh%'ifPéFa%'S“'shépe,
in which the widih of the Thi FEPFeatif 82582 sl Ypedimers snaily soiainersethi ans
wi t A the fifsStes8nt YelBhd féatinesa 50 cankhysps tiainibi i dsent is@But6na

bet ween t hethwoal i eednhéat ed rregponsryitinied et et Qal i 3RSt EUCTUEL I (1o
useful as aciitkBedf ANthOfdetasibehod figt he features 50 and 52 are current
conductors. As a fuse) the m dsection 66 woul d overheat and create an open
circuit if a sufficiently high overcurrent condition occurred in the
features 50 and BZFCUBI GHEPheatBdl BiF -3 dlsprapr Fat éeoverdc tes rertlicondit i on,
t he?i dsect9%in6e wah bedeconidtyupadt tionex pamtkd bn S0 35indesi 680 ¢AS @B owen
of f - swi t ch,matel 83€r wakn OdHaebagflih add @ndeadace LKl 4 e, Hsgd. 10 8?¥c?r e 0e

m dsecti on ﬁﬁgyg‘g,aerisap,pfﬂggg%tlg E%’Ldeidti ons. lFli na(l3 |y [ gur es chdeqiure
illustrate aqgther el ectrica agp i cation o?_?h% épb?ﬁ? RS OfF e dhRer ei n.
In Figure IU "a"PadiTeoF> 185t Ur &8° P 14RATY 401 FPeat & shbiul cas. beibng: debanest ed
from the netbalFi LRECofor Blbgu allpericht#Re sminhatithhe dheahsdes 68 aads 70
hava$ opposiwighanesspanat |ek @dgassdihaantts?;1iFiguy Qoléf{egpiﬁe%%”}éﬁ%ge resul t
of locally /festiddeackEHis f f. ur.e 14 DEC 2004 WO 01 4

PCT/ GB01/ 01,084 6 ,70,at ot o are i ERGE T B U OH R ERITGE BrET | s
formed due to grain gr%mﬁﬁ U Ao grains of the polycrystalline |ayer 12
that were heated. The width of the trench 72 is sufficiently narrow and the
heating process mEFpeﬁzérHHﬂﬁLﬂ,Sﬂ@hf&uﬂ&@ﬂ%rh@§kk@nﬁ@Hﬁ%dQgeaeé£%¥§%%ﬂeés
t 0 Jor o] ect Hraed@eSry hachigheh 42,48 the ot her feature 68. 'S
electrical structure is uslg({uélas ggg‘e(c)(r%g%%vg\}‘?cﬂ’ei ?mfeﬁe‘b?rerajteﬁr 880 hnid 982
are current conductors. TR USa d¥ afYTnlévitechie drfageingrsugshertd, ocaltivzed
energy i npitiBTHVEI B HTEéEr ttoeheHistriee ddge bEbeah tive pheainysea Vi randafar m
the extrusilén 7Bie héerebyeslrabbd inzably iconnacts ng-4he.f eat,u es. 68 .angd 70 10
under appr apr klcgesond) LLons s, Thys ELputes, 2 1rqugh 11 have, present ed
praogess steps for form ng nanoscale e ectrical, mechanrcal’® dptical and
fluid-handling structures or conponents fromthe nultilayer nmetallization
10 shown in Fi gdrtEcanatRyg| Higuasirgscortgeriopenpoliycaystrabideane: tayee didsent
sandwi ched ibetween @ spahswofindi fduuss on chadugher: | ayens qldes Those sskbk% ed in
the art w hkeaippreeisat eotihat pa. M riety9f nmaterials a materil a

conbi nat i Ogﬁpc?sqlr{l d,be enpl oyed fggg%%r%e%gtl[ %é%/msttzviflflreﬁguléensdggo?%d[ rai iy

|l ayers of the murtilayer struttUrE™et fEFTIPALY &F ePrretedcbnducteveh and
sertl conducf L9 smat B19val she 20s\prtovi di arg & mphyirchato treeidris sl oh@yeEn hagea
pol ycryst abhiare g6 aion £6t ueb UsArsand ehatusabnd-€35t ane OtHEL; LAY8L ...

contactingpthedf ks st bayer bas .a.coefficient of thermal expansion that is
sufficiently | ower than the Tirst: I}fyé? e TRA Y \WABN h&X AN 7P ay &P

structure is sufficiently heated, stresses are induced within the

pol ycrystalline layer to initiate 25 lateral grain growmh fromthe
polycrystalline |ayer. Note that while described in the context of
nmetal li zati ons, the teachings described herein are also applicable to other
applications that m ght enploy fine narrow y-spaced pol ycrystalline |lines
of essentially any type of material (e. g., conductive, dielectric or



‘40 barrier layers 14 (cr any other formof constraining |ayer)
anor phous, polycrystalline or single crystal mcrostructure. Thﬂgtpvxpﬁg m[f

Al-Cu al lwpiavesspreferred for the polycrystalline | ayer, mrmGBov@Eesam and
14 DEC 2004 :, WD 01/69664 PCT/ (GB01101084 7 titaniumnitride are preferred
materials for the barrier layers 14) other materials could foreseeably be
used to formthe netallization 10. In addition) one of the barrier |ayers

14 coul d b t di | | |
cou e on;l eg%nbﬁlﬂef%j aE{eorn‘}‘imHE;:glngaaYPl (g%usgovgx gnct eSls‘lugttabcarrl er

vvlthlnthepoF crys i ne |l e conductive an

| ayers 12 ar?&elfﬂﬁtaﬁ:&ﬁ%éf”htﬂoe °t9RELeH ERPESENTT 218hethﬁef%%tlr|li%&qn6n4%(¥eéaﬁ
vary, W th tthi céaressestloid gdout tido2&h |the angntie 29 . bdiingresy i emd 7f dklwsertaen
i'nt er connecta appliagabidasnentheid %@&D%Sﬁ& eindikeermial did mti@rfomecﬁr&d its
ayers 12 andold ALge 09 DAL CHIALL Y BERSILT Y ok A BLiQAS) A5 hong, as

sufficient &tresses can grain
growth in tREPHINFEr STafPs r‘f‘&t?)ae)}éF‘“l"Z‘ 10. 1 Thisgsmbgy{iment JlﬁNusef(‘)‘é 39 ;@04 QOM
UK | PLAW , . opt¥zRO904%md: o8 13Z2hTQidPer NNk GldshNewoPaye nfn@4ceB: 36104 0 £14hBEC
2004 |1 Jur w200 0% 4A nmethod including the steps of: formng a nultilayer
structure on a substrate, the nultilayer structure conprising a
polycrystalline | ayer and at_ | east one constraining |l ayer, the

pol yérystallizse Th&y%?pr(%'ffbrdieﬁ’ri‘d’ grifiTas” navity 45E et SeFRHie Parp-scale
char act eri zedebyr ignl ava@Patry tgr & asiirroc pat erivirngd tiyemntilet nteaidizstionctOr e
to form at |masiguwref Br st psin UEt tHRupddd sa SACHNGhret sHEhUEL beAgh Of t he

first and 5%999&0%%@&'@4&169% ‘EQEGFH 'fé&&&et@@bﬁm%%i‘ﬂs%' lsé&eralcé‘é’% and Ak

| east one cqnstrainin rst and s eq

patt er ned eg’q ﬁenﬁ”%ocﬁ%/ﬁ{? ﬁ@atl g & }Felé’g %@e?lsrosf'h%tt r’;gﬁt’{]ﬁ‘aéuf% BAl ow
the ¥el ting af)‘él m héf’etqii’(li'oi)mgyéﬂlﬁaﬂ]leﬁequ&?e?g apAefQat apdgye third feature
one~const r ais@i s lcapesdgrestr itbbt nget hrepamiicexpansi eie efigéhaespalayeoyst ahki ne

Ialyer ofttlhleaeetaugs gbret ey e &E@mdgggtsesgrrde%e& Itﬂ@l%egufle@ E8ina szﬁrﬁ f
pol ycrystallize |ayer cayse substantia inensional grain gr rom
t he patterné§® eaAg % th(g:l S Lh[ uct ﬁ’rrgfetrw&ﬁ dite A"t i aus]trgc% it e that
i.s an opera'?‘t"ie%,‘?fec€ﬁ1"1‘)30'hé|"|¥‘3cﬁ’ff ghe @Pé%‘trﬁﬁéad-lll“?rééﬁaﬁll@al opt| cal or

fl uiad- handl i ng device_ 2. The u~Ethod of clas.m1, wherei n sufficient

t wo- di mensi onal gfighfe Qr o¥bfesefediithie AL dtheodaead img e SLRNE Of RBUSEyilhE

third structyre,d feh(zp&ltf%geuieh%o qut@t megegees_é mm@ JEt @g@' L slsaé M3

wherein the first axed secoxl d structures are_ el ect rlca con

separ at ed by la°gdpehetorest nd ‘ﬁ’édatSFnQ A§t%p‘eséﬂfd °fhEPt RERTTSt P{R,cteﬁ?e ¥ s
an el ectri caxtrsyioneht4 heyelfernebdue 40 Fhainnetdrsd of tbbas mr2insyvedr ehe t he
Secarnd st ruGhuy@-vssaf Dmredthdur ing othe-patdunédng istap heada socashil evened
structure, % Rded hg thd rdasiy uchr %x@xq}é%né *%% SANL L ever g St Eélé‘tW[aesé Qith

substanti al | a rti.an alzti |l evered structur
% Lou ?ass shape, p?n which the w1dé% o% the third feature 56 ?s greater

at its intersections with the first and second features 50 and 52 than at
a midsection 66 between the localized heated regions. This electrical

30 structure is useful as a fuse or an “off” switch if the features 50 and 52
are current conductors. As a fuse, the midsection 66 would overheat and
create an open circuit if a sufficiently high overcurrent condition
occurred in the features 50 and 52. If overheated by an appropriate
overcurrent condition, the midsection 66 can be configured to expand if so

35 desired. As an off-switch, a laser cr other suitable device could ke used

to sever the midsection 66 under appropriate conditions.

Finally, Figures 10 and 11 illustrate another electrical application

of the approach described herein. 1In Figure 10, a pair of features 68 and

40 70 are shown as bheing delineated from the metallization 10 by a trench 72,
so that the features 68 and 70 have opposing and parallel edges 74 and 76.

Figure 11 represents the result of locally heating a region of the feature



5. The method of claim1l, wherein the patterned edges o~ the firs c{jﬁaé
second structures axe substantially paxallel to each other and gpé Q?é}ﬂlf
from eachyglghgsssky @ gap, and wherein the third structure )G%%@w@ r oss
the gap toward the patterned edge of the sgcond structure t

contact the secozld structure so as to define a restricti on betxeen the
first and second structures. 6) The nmethod of claim5, wherein, the
westriction is fox filterW ht radi aCi ng Cyzrough the gap, or for

functi oni ng’As*taf* GI5EF cHis § q 7 h perat Ag PHrxeiespdhse formddyhte radyasimg
through theogaph AVENDED oSHERT oF, tePhalidrtbed lind ]Jayé‘f‘UI?"Ehat were hleuléledOZ
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growt h fronfthé* ep n7<§d %@bbfelteﬁé”scé‘ébhcf%{‘?q}éﬁar@%épalssretSh@S gap 70
towdfd t he patsfreryredredge oendiheords.rst structure, the two-di mensional grain
growh fromthe second structure producing a fourth structure that is an

operative conmpongpt; pf, saikd deyig The_nethod of claim7, wherein the
fourth structure doei:not cont actg%t g APPSR BFR°S. STHE BT Heg™bRe

claim8, wheFErRtthE Tourth sPPTRANIFRL i SPoHTosrIkIfyu il d9asbind somdthees hix d
structure, THECRHIYEAIET R hiltvenctaredsifagion 1§ ahovestini Tiduea, 1 behseaty
thelfirst amdosecandesiglyciwstaslinelDayckhe? r@hh@ﬂ:h@ﬁ Bé@Je@hg \é{h?r@f' n the

restrictionaiss Qidﬁee§m@@dlaf bs S tabidd.ty, H9L,use flow
restrictor. 11. 7 clai'm I% “Wher ei %dl{%letpa Ietrﬁlln 2RPEFPEF s a

Th
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bet ween and®tHP¥ETT SAREEE] ngylchléstsaééew agAdcdngbraimisg rietens e, thhenflQuI&fer
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at an int er8eetieweofsuchetifitr stheandhs econdl skt UatrutesraARd SaUsesSer i fth

structure tmeakted MsatestRsi ikteeﬁsmidoﬂltﬁflnt he Ebfﬁry@%l ggr#a@e?[ %cth UE ES SO

thajs the fiyst, str o djacent_t ond and fourth structures
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In addition, while the invention has been described in terms of
preferred embodiments, it is apparent that other forms could be adopted by
one skilled in the art. For example, as is known in the art,
aluminum-copper alloys are widely used for the conductive polycrystalline

35 layer of circuit interconnect metallizations, such as BEOL interconnect
metallizations, and diffusion barrier layers 14 formed of materials such
as titanium, titanium nitride and combinations of both, are typically used
to reduce the solid state diffusion rate between the polycrystalline laver
12 and metals from surrcunding metal structures. Nevertheless, the

40 barrier layers 14 (cr any other form of constraining layer) can have an
amorphous, polycrystalline or single crystal microstructure. Thus while

Al-Cu alloys are preferred for the polycrystalline layer, and titanium and



"GB0101C 14 DEC 2004 New Fage: 11 June 2007 10 15. The net hod. of aryi ng
Clainms 1 to 10, wherein the first and second structures have pattefne Cl2004
:edges subwoDansd@k|l y parallel to each other arid separated bygT&mRapIes® as to

be spaced apart from each other, the polycrystalline |ayer of the first and
second structures having grains with fewer than six grain boundaries at the
patterned edges thereof, whereby said |ocal heating causes the grains with

Fewer than si, P dar rgo. substantial |l y.twa~di nensi onal

Gr A n ar owt et FARL R o Bt 84 R dBl D SR A Mt s P p R O e
toward the PREEEtHED Bt e O SCRRP YeldHFeat FUCHF o praddbizas ishi ¥ ¢ hift d
structure. 'adfi§ticdrheomettiotheobanmerotaysirai i cdhld deldmitwhér eind &&E tsesond
and fouxtb. mtkuctdyees have patheiReth@dges:subsiapbi @by panak! elyto; £agh
others the MdiolelhlCldiec AL Ay LU RAt L gred, pdges, fhat Jatersect Lhe

he
patterned edges of th econ nd fourth structures e pdfycry%‘%lflne
I‘ayer of the FF3 Sssfftleteu‘?eetaﬁgb’r%d%r]é}l A0 WEEH- fElr EhitTkResses gF aibAut 0.25
boundari es ai" epgéhResf et wripalt tfor ned tedigastehemaett santisdhiépresn saéd
heating of tdneckhdsSkssdff uBé UfeRalBizpeidonueshaticstihgeknNtier seethisons. Waere the

two , patter Qﬁgtgg.g%§l}ofse;19§:izvfei iﬂltng&%t ure lioHtEJ _earsSQGEE 'tchi mpaén:grersneesdbar? es
of t second .and. fourth stru&tures #o cause grains mnfh ewer than Stx
S

gr ai E(?boundalrnfiégec% FOUREF gt S IBETEERt T3S 1960 FEWED GriaFhg metHericant e
fromthe twlagatt®rned edges of the first structure at each of said

i atersections. thereby increasing the wwdth of the first sCucture at said
intersections so that the first structure is wi der where the first
structure intersects the second and fourth structures as conpared to a

m dsections o the first structure. 17. The nmethod of any preceding claim
wherein the first and second structures are spaced apart by a gap having a
width that i.s less than the average grain size of the polycrystalline

| ayer. 18. The nethod of any preceding claim wherein there are first and
second constraining |ayers) said polycrystalline |ayer being sandw ched
between the first and second constraining |ayers which both constrain

t hermal expansion of the polycrystalline |ayer to cause two-di nensi onal
grain gromh fromthe first structure. 19. The nethod of any preceding
clainm wherein said poiycrystaline material is a nmetal. 20. A conponent fox
to ain an electrical, mechanical, optical or fluid-handling crevice, the
conponent conprising: .y~~-C-~=~ j~" Ef~Pla~sscem 11 14 DEC 20D4 first
and second structures on a substrate, each of the first and second
structures conprising a polycrystalline |layer and a constraining | ayer that
constrains thermal expansion of the polycrystalline |ayer, the
polycrystalline | ayers conprising grains having a size distribution
characterized by an average grain size, each of the first and second
structures having patterned edges, and wherein the first and second
structures are spaced apart by a gap having a width that is |l ess than the
average grain size of the polycrystalline |layer; and a nanoscale third
structure conprised of substantially two-dinensional grain growh fromthe
polycrystalline | ayer at the patterned edge of the first structure. 21. The
conponent of claim 20, wherein the third structure contacts the second
structure. 22. The conponent of claim?21, wherein the first and second
structures are electrical conductors separated by the gap, and the third
structure forns an electrical switch therebetween. 23. The conponent of
claim?21 ( wherein the second structure is cantilevered, and the third
structure abuts the cantilevered structure to substantially imobilize a
portion of the cantilevered structure. 24. The conponent of claim 20,
wherein the patterned edges of the first and second structures are
substantially parallel to each other) and wherein the third structure
projects across the gap toward the patterned edge of the second structure
but does not contact the second structure so as to define a restriction
between the first and second structures. 25. The conponent of claim 24,
wherein the restriction is for tittering light radiating through the gap,
or for functioning as an optical swtch operating in response to |ight

radi ati ng through the gap.
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261 1-08e2@Bhponent "of clai m 20, wherein the patterned edges of the firstGBW®iQi(
second structures are substantially parallel to each other, and V\A‘,e €] 6%04
.third structworespros ects across the gap toward the patt%pepaggglglel o} E%o*
second structure but does not contact the second structure, the Conmponent
further conprising a fourth structure defined by substantially

t wo- di mensi onal grain growth fr-omthe patferned edge of the second

structure, the fourth structure projecting across the gap toward the
patterned edge of the first structure. ~a:.i_iecc~0~;iS.<u,~:c~nns 24 DEC
200 12 27. The conponent of claim 26, whglgkg the fourth structure does not
contact the first structure. 28. The conponent of claim 27, wherein the
fourth structure is ogpositely di sposed fromthe third structure, the third
and fourth gtruct fireethpdrimchaydingr thet stemsi of bet ween the first and second
Ztructur esa 29. Th@:mgp@mﬂmtilaireﬁlsakmt&?e sher advacidie, r esd 'Inhféiil‘a{}ei-rs]

i mensi oned gt ' 0 L i r rictor. 30 The,
conponent oﬁagir%?ﬁg@f%ﬁq?%ei}ig%%??ﬁr%éhg ]%8%% %\g c_stfetftﬁS, Ur SPR ApFFEtiTg

pol ycrystal IThe 'l ayer ahd ¥4 - conat rar At i PEyferd $REPY IREInser sd%r e bei ng

bet ween anddt#iréPetitReeiinsgteticed &yone santedsograin stzsuctures, the fourth
structure havi ng setpattienned: edbe lapoasatetule 0y Eben patiacpad sedge of the

second st rUugtMicRullY sBaldRecddd sTRARLELIPRBANG 0fnLlaip 30: Jabgr 'sgr&&% es
patterned egg%rg;. J‘%hé'{o%tcStsEEI(?t ure, srsungsggqteggtl lo\é per pendi cul ar £8%t he
pat t er ned ed)%ls,o t e second and Tourth structures: “3%. SSfRE"HEMP8 e e® of
clai m 30 or ®871 FiftefBR PecARY (HFFrREUCes Jerine PretFordedost: a#ndi ntersection of
the first and sederdibt haetinues; lehst coaplimentstiructurercc bAEPsd Shaguatiadt h
structure apoiad bMitha SRAyEostallidae1dyerstcrande fQUEL RnslddiGE 83 ng ShybPat :
the first siductuiig.l sauhdereadiacents the econd and.LauLlh of cugtiires and
i's narrower_at c? m ds ctt}lon t hereof, 33. fhga corrBonen? of -Cl i m 32 "{her ei n
the second BRGFHr FA-E PR ATFEETCEr PUFRR 1P E38 PROFRIVET UL SN @Y PR S auee st
struct ure nfEPSEEigAlY Svardmessned Freiagrretingken tthe Hattstnat pded wtethe

sui t abl e f ofirssestascaudfause hetvaecn tHiedsecastlnRnehdftons tda shedeive es. 34.
The COMpONGRizsGherdiifs O €1 aliRcA0 hikiddictOh:0al NET £1.8KSuklch Shy Al sECONd
constraining layers. said polycrystalline [ayer being sandw ched between
the first and second constraining |ayers which both serve to constrain
thermal exfdnsi of*Bf*RE? (51 GNP st aMhetfem ayfd clepe-tworpinensipptle fE281 any
of clai ns ZFoveh 34cuyshapeing shé deopuvingcesast &b dapee rharerhiall $wsuatumet ab.

[ Rf. LI DC Cdcld&t the deeochd wkrdddlire AS5. As. AF. A&Y. A3. AL. A3L-. A A A A 9. A%
01V®c £ -
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3. The method of claim 2, wherein the first and sacond structures are
electrical conductors separated by a gap befdre the heating step, and the
third structure foxrms an electrical switch therebetween.

4, The method of claim 2, wherein the gsecond structure is formed
during the patterning step to be a cantilevered structure, and the third
structure abuts the cantileverad structure to substantially immobilize a
portion of the cantilevered structure.

5. " The method ¢of claim 1, wherein the patterned edges of the first and
secondlstructures ara substantially parallel to each other and spaced
apart from each other bv a gap, and wherein the third structure projects
acress the gap toward the patterned edge of the second structure but doey
not contact the second structure so ag to define a restriction between the

first and second structures.

5. The method of ¢laim 5, wherein the restriction is for f£iltering
light radiating through the gap, or for functioning as an optical switch
operating in xesgponse to light radiating through the gap.
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| C’J‘_\éV(l)./Jng(Y) I%%/p-'- %{éﬁéﬁh lbhlfé brugure t&e t:e%.l o%(;.{et&h structm:'es fornung
10%& ()-! Y& Fes5riayen (Jatwesn BBe (GyAL (Fd mmlsoimc@ze,s.l P*s3+ 109%& ()-" @W]
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& ()-@! 11110 | " THe RCHOGE €)ainl 09vRietdirg thO WLt EIniDg ONME' (s YA (BMELY ) - Z

10 10 10" $%esadt alUBxoh 'the mul@Udr&r (Jtrhicture, the first structure being betweén
and interconnecting the second and fourth structures, the fourth structura
having a patterned edge separated from the patterned edge of the second

structure by a gap.

1z. The method of claim 11, wherein the patterned edge of the first
structure is substantially perpendicular to the patterned edges of the
second and fourth structures.

13, The method ¢f claim 11 or 12, wherein the heating step causes the
third structure to form at an intersaction of the first and second
structures and causes a fifth structure to form at an intersection of the
first and fourth structures, so that the first structure is wider adjacent
the second and fourth structures and {5 narrower at a midsection thereof.

14. The method of claim 13, wherein the second and fourth structures
are electrical conductorg and the first structure midsection is
dimensioned so as to make the first structure sultable for use as a fuse

between the gecond and fourth structures.
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whereby said local heating causes the grains with fewer thean six grain
boundaries to undergo substantially two-~dimensional grain growth from the
patterned edge of the first structure across the gap toward the patterned
edge of the second structure to produce said third structure.

16. The methed of any of claims 11 to 14, wherein the second and fourth
structures have patterned edges substantially parallel to each othey, the
first structure having two patterned edges that intersect the pattaerned
edges of the second and fourth structures, the polycrystalline layer of
the first structure having grains with fewer than six grain bounéaries at
each of the two patterned edges thefeof: and wherein said heating of the
first structure is performed at the interseetionsg where the two patterned
edges of the first structure intersect the patterned edges of the second
and fourth structures to cause grains with fewer than six grain
boundaries to undexgo substantially two-dimensional grain growth from the
two patterned edges of the first structure at sach of said intersections,
thereby increasing the width of the first structure at said intersections
so that the first structure is wider where the first structure intersects
the second and fourth structures as compared to a midsection of the first

structure.

17. The method of any preceding claim, wherein the first and second
structures are gpaced apart by a gap having a widch that is less than the

average grain size of the polycrystalline laver.

18. The method of any preceding claim, wherein there are first and
second constraining layers, sasd polyerystalline layer being sandwiched
between the fixst and second comstraining layers which both constrain
thermal expansion of the polyerystalline layer to cause two-dimensional
grain growth from the first structure,

19. The method of any preceding claim, wherein said polycrystalline

material is a metal.

20. A component for use in an electrical, mechanical, optical or

fluid-handling device, the compenent compriging:
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21. The component of claim 20, wherein the third structure contacts the second structure.

22. The component of claim 21, wherein the first and second structures are electrical conductors

separated by the gap, and the third structure forms an electrical switch therebetween.

23. The component of claim 21, wherein the second structure is cantilevered, and the third
structure abuts the cantilevered structure to substantially immobilize a portion of the cantilevered

structure.

24. The component of claim 20, wherein the patterned edges of the first and second structures
are substantially parallel to each other, and wherein the third structure projects across the gap toward
the patterned edge of the second structure but does not contact the second structure so as to define a

restriction between the first and second structures.

25. The component of claim 24, wherein the restriction is for filtering light radiating through the

gap, or for functioning as an optical switch operating in response to light radiating through the gap.

20. The component of claim 20, wherein the patterned edges of the first and second structures
are substantially parallel to each other, and wherein the third structure projects across the gap toward
the patterned edge of the second structure but does not contact the second structure, the component
further comprising a fourth structure defined by substantially two-dimensional grain growth from
the patterned edge of the second structure, the fourth structure projecting across the gap toward the

patterned edge of the first structure.
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fluid flow restrictor.

30.  The component of claim 20, further comprising a fourth structure comprising a
polycrystalline layer and a constraining layer, the first structure being between and interconnecting
the second and fourth structures, the fourth structure having a patterned edge separated from the

patterned edge of the second structure by a gap.

31 The component of claim 30, wherein the patterned edge of the first structure is substantially

perpendicular to the patterned edges of the second and fourth structures.

32. The component of claim 30 or 31, wherein the third structure is formed at an intersection of
the first and second structures, the component further comprising a fifth structure at an intersection
of the first and fourth structures, so that the first structure is wider adjacent the second and fourth

structures and is narrower at a midsection thereof.

33, The component of claim 32, wherein the second and fourth structures are electrical
conductors and the first structure midsection is dimensioned so as to make the first structure suitable
for use as a fuse between the second and fourth structures.

34.  The component of any of claims 20 to 33, wherein there are first and second constraining
layers, said polycrystalline layer being sandwiched between the first and second constraining layers

which both serve to constrain thermal expansion of the polycrystalline layer.

35. The component of any of claims 20 to 34, wherein said polycrystalline material is a metal.
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