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V\D 2006/ 105320 PCT/ US2006/ 011695 HEAT TREATMENT FOR
M NG | NTERCONNECT STRUCTURES W TH REDUCED ELECTRO
WOANH’“‘S%?&ESS M GRATI ON ANDY OR RESI STI VY BACKGRETNS2¢46/011695

1. TE NI CAL_FI ELD Ge
ggigsiggggéggéiﬁggﬁg Efﬁis 8%N§qg %?ﬁgCF%ﬁﬁ?agf%ﬁ:R8¥ﬁCED ELECTRO AND

m crostructu as advanced i nt egrated
circuits, and, nnre partlcularly, to the formati on of

conducti ve St r UGl kgm0 s ratn/Rivalvrid@es i n

metal lization I|&ayers of Tntegrated cirecuits. 10 2.
L BRESHENMCAGNIBER | n the fabrication of nodem

m:‘e@térﬁl@t 1hél prleddhiQBventSod Gdhi@ So the) foﬁ'@hé’ﬁ SehiGosfrGdmirésSsuclt Bedwnded integrated
circuits, an§,grr20tr% Fal'rlto lflll?ifljg;flf ﬁq% f%ngiarttteon é) a)%dxlc e %?ﬁggse%gﬁ: g{] g%lg%h%gm metallization
layers of ineeritedhdciibnal i ty of t hese structures. For instance,
in nodemintegrated circuits, mninmmfeature sizes,
%ééagﬁggﬁﬁﬁﬁiﬁgnnel l ength of field effect
2 t ve reached the deep sub-m cron range,
ﬂh@mewymMNmpéaskmgmpemﬁ@mﬁaﬂ@eammwﬁﬁe%@mwﬁf@ﬂ#ﬁ@*ﬁﬁww%md“W=m

steadllyt 1%&1}&5 i reRE %Qe@@fn@festﬂﬁ%f el&&ﬁ@ Ut’l{ﬂ{aﬂyoaﬂtane&g ttllibe fubdtiélity of these
i ndi vidual circuit el i s. redyced

st g AP ER ERPG T B BB P B0 G Sl ongh of il
effect k@B Rave tdaghed vide tdedpi smgmipe evhg® fhetcheintre@ing ipgtfoomance of these circuits in
terms ofépgmmlfr é)g&g%oﬂ?flﬁﬁtioﬁl bJ%aethe gllaqu EndRRASE %n‘cfuﬁ rele}nEHtselE ﬁe@tﬂ:@@@&h every new

nes e trica connectjng.the individual, circuit
circuit gepesatiam thereby mg]r%v@gd@&?xgagl@dhe sw&%éaﬁg ﬂ“ g,trarwﬁtgr elements the available
floor spdtd TR Sht@EGNOT liids @fetritally ebenne e ihdividal bigup clemelde is also decreased.

Conseqtgere}.%(u Filg grlrr}egﬁgq%g OREdS 1% egoing 11.?30 Ba%g W qed@&@ ;U%mpeglgate for a reduced amount

oor space an r an I ncrea nber of
of availghile fingt space|aadhion trsm%?aé?d ingralkgr plesironfrplomenis moded gor vty dic area. The reduced
cross-seﬁtﬁﬂ&lch?éa 3 Qh&ﬁfn&ﬁ)ﬁm}‘é& QInbsQ Béhlsxb@ rie @ofMinatibie witi i irc@BB @€ the static power

consumgttogt ?%xngrg Iscaleé ganms&)r men {)x]pe%nre(\%lt\ftrte E@ﬁlrahé’ &%gc? m&glhéat}& layers to

meet the re@irghetsar viey eﬁrmmrsble crtrasnt faagjiyiin e ety IlleﬂSal ity of

stacked netallization layers to neet the reqU|renents

in view of a tolerable current density in £0.13 4

| s od GG B Do B P ﬁ*g“ensm of 0.13 pm an
even leds! AMS ek Er, Blg@ireediindicindly iintepasad Cureht deaditiesl iinTthn Sndomiugfinterconnect lines
despite gxeébgov Th %P rela%%elg \rI’ae% rJu Bét of %’Ml’hzaﬂ%ye%r ow[rxg%'lthg gigmﬁcant number of

I can In current ensities
cvcuit oeprity el b e DBATE S e Berop g s tttde“«Utf%deﬁt*% hgyigyfy, may entail a

pluralityodf paabreetlg @tdceue& Yrebsahdgeed M ERIadtibn, Wl nky Hally BRI bayesmture failure of
the mte%étn?cp %ﬁuxt? C}ne Bro r%)t Ilén?ngerx]lgn {r}h nsprgs:‘q%c(t) i the%urr;ecx;ltjméuc c{ xl?&l?glatr]lttginsportatton n

erconnec
metal lleds,@bsatrfé@ﬁé b %éﬁtchﬁ@m@mm”e@whhwéﬂﬁé fo, thenfiymatioft @ |VPIdSaW“hm and hillocks

next to Mk Wedl !inta,ythé?éby Persﬁlt?xllgaﬂ%dﬁc%& &Ir@ﬁlah& 28d RSBty SHALGRE: fallld€of the device.
- T e

metallizpdve mmra mhnremmstekplaned eispe edvancsd inkeratedisirceitstbayippchuitiead] dimensions of 0.13
um or 1&9 fn$ E' egguet s%g%ﬁi%&%r f‘eﬁﬁc‘e@&oés—@ea&&al@&?&f dné ﬁeﬁa? lindd |a1§io thas increased current

ectrom gration nay
dcns1t1eg, Fdvich gneyrEspdes pluginuny ptragive ﬁqrﬁhegﬂalalpﬂnplf @Etklgzatlﬂb]ﬁ}(erst 616 to significant
electrortifi@iofefi@ls. | i ne, thereby resulting in reduced
performance and reliability or conplete failure of the
device. For instance, alum numlines enbedded into
Stdupequentlycl ploxinge iminettasingls btiveciriaced b Gogesr abigh phibiye pignifjantly lower
res1st1v1H;Saﬁ&j e dbitd Bl RhanbddresisARe & didcEehik@ibnl BEYCRS 28 highWh Qi @htMensHs as compared
advance i nt ted circuits

to alumn(?}ug.t I%lé ;ﬁgo&?cﬁjgﬁ gt‘l ETET IBP i catxr%r? 8$m1‘cr8%t§cmrﬁ%vd mteé%}/ed cgcutts creates a
pluralitysifgevefeipahitvs yluer te doppets charmptrEstis e teadiin diffuserie silicop ickifieand a phurality of
nmetal lines and, thus, increased current 35 densities,
whi ch may render alum num | ess attractive for the
formati on of netallizationllayers, due to significant
el ectrom gration effects. Consequently, alumnumis
i ncreasingly being replaced by copper which exhibits a
significantly | ower
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resistivity and exhibits an enhanced resistance to
el ectromgration effects at higher current densities

WO AEH ed 40 to al uminum The introducti o (yYUS2006/011695
tow-k &onﬁ%[méﬂgxl(tdl@ tTQ %rofvﬁp {h‘s %@&ésw a@ﬂcesum &GQ@EJO;&B@{‘!I%&H@{]&*&USIOH of copper

Integrated circuits creates a (% b g "
woms 5 GBI B et A5 G BEF 0. Gy ACEET eiog B B etvesn o conpr
and thel dEasemateriab inl Widanthd caprér didesane erabepdiedr adlihbugh giliconInitd® is a dielectric

matenzg glgt@ffgb(?@ég&%f S‘J (hy%fgdsgoq/ ﬁgolage? §tom!: géﬁlécﬁngdslliﬁbr?ﬁ&iﬁé & an mterlayer dielectric

necessar esi on and h
materi e B WO F A DR WO%%%‘rg PTG ey incsesing e
parasitis eiiﬁctxfaﬂm\dﬁofdﬁghlﬁﬁng @pfeO s, Héncd, 3,thih bedetior @yricti B lttayalso imparts the

requireg ?n%c%%mcaf ytabc}%i ﬁ rth% ;g)gr 19 fopxﬁlé’drté & aer!itgﬁalg rbulp @%Aﬁﬁ%ﬁmttﬁesurroundMg dielectric

['ectric ma

materiab ety § [esicar @tr@ﬁmﬁ%cametﬂh glign PRSI P o = capping
layer 1@&6@'[1@1&1? Gded h&copﬂﬁ&ﬁa@é’dl rﬂétail'(zhlﬂvh Iz@f:nfs e Clulran@y, anplv@y @Rhism { digsten and their

compménds w1 Smt%?ggo ng }s;xg!:rjd% nd, az‘c gregm%c? %aéxcrrﬁgaetﬁ Iﬁ%rla% nr&uctw% ?1 rrg?Iayer wherein
the bardes dAveralply sompsishieve osingrp @t@ﬁayms Pfdlfﬂféenéfampbﬁﬂt% sqasrip Bet ﬁl@ @fayirements in
terms ol@m@stlslda%ﬁﬂme&sﬁdg\éhé a\ﬂhes:tobgrﬁ;%més increasing the parasitic

capaci tances of nei ghboring copper lines. Hence, a

thin conductive barrier layer that also inparts the

r aguiier edraptecharficambr sighifitpinily disfinguishing @ foo plheinuin g thefpathet copper may
not reaﬁﬂ' @Qﬂ?&l 160 Ial%@r Diblidss ﬁyotﬁngﬁiﬁal faﬁc@ﬁﬁy&&@ v@'ehr Jeﬁééﬁi‘éh ﬂﬂlmques In addition,

r

di'el ec mat er i al X il1con nitr
copper g S by RPN SRR BB P g s syt
is comhdndy rbfodra t0fs e deappinng inldidypeniqis I the danesdeboprasesedirst,a diclectric layer is
fonned(%ﬁ?ipg%fen E]Qél%gd H%cﬂahé l!re%@xleé 28 vla?%ﬁﬁl‘?are Qﬂgeﬁﬁaeﬂﬁ)l ied with copper, wherein, as

tanium tungsten and therr 10 conmpounds
previougfy tiRtesh  iripbgefflingrig ti PPREB I ARHCR AT elopteg B fieetflowalls of the
trenche€ @(ﬂdﬂla@.al’l%&ieﬁcﬁiftoraofmrbdm(‘cb;iph’rﬁndﬂﬁﬁlﬁht@ tthe | ti@iyoRes, andWigsri€bsnally accomplished
by wet cl?:% d;lglfadfé orsg:% pro SS@SbSSUC z}s gﬁé@glatﬁlg aﬁé’@ecg&e&?%&gsﬂgébly%ﬁiﬁg the reliable
filling plodasi w@n@rﬂsxsecu fatio ofeﬁr el rovfre Witk f disinoter efigpproenatkly g Tae or even less in
combmgt%lﬂ%ﬁ Ql@ncﬂgs%gﬁ gd $dth rﬁgfﬁ% H@lﬁ a&d?@&:ﬁéi@tl}eﬁ I1 §In' o 1e@sfto Q&Qgﬁﬁn Although

|Cant stingul's fromalumnhumis
sletroqhaies (PPl pETSeIRy OPPg Hofel s ihyd fe gt ity it bourd
fabncaﬂlc&\[ DRbstaafan mléfrfr&)ﬁllﬁﬂgeﬂMQQJSpeaﬂﬁhop/hy &iaa altremelp aimplex and challenging task,
wherein Ey? (c)hsaragte?Pcs o%?hlg %In ﬂ%gta Adnco%:qgl!n%télg%fz glgrgf?oggcglde Y opﬁgceg%arameters
wateriafyapbEsuey, ot toh é\’“étbr;? o?lefqmt r Pirrg the sprmess g%mféqc?ﬂafcéwctt“ﬁ%*f determined by

the desigﬁ rd’éﬁlfﬁmﬁ& éhdrn%fj afdr&sle, tn@t lﬁ%lgtulﬂamdﬁﬁlﬁﬁeﬁ Gid}@ g@&fen inRk@indure, it is of great
ces

1mporta&fe o ecs&rfl?t% apd, 0%1 rc% t‘ge mf'x%act o) dm%.)rhgt%tum? rt)rﬁccsses inv?qveeflnué Cshet tgbrication of
wetaliatiol lagkes tndenfoimesialandcly ﬂ%@ném#@handrr@n-smﬁwm bamtiqr ylayers, of the copper

nucrostj‘dciu}c%ﬁid M@:x; rhutﬁ:é? %@Iamn\m @ GhdthcteAstics AIHRMAtGHhALt RQERE 50 as to insure both
n.the copper, a conductive barrier

hﬁh“ﬂ%ﬁ@ﬁwr@“*@?ﬁﬂﬁgﬁhmﬂﬁk sidewal | s of the 20 trenches
and vias. The deposition of the bul k copper nateri al

' R&Qrdh@@ 1 E Qct!éeﬁsbf %&g't Halsaclee Iﬁacfésiﬁ'%lv!es)(xgﬁxﬁg qmeéécﬁﬁ&ix of%pper lines,

em Ca posi t1on Processes, SUC
especially @AM |613ftr°r?gd Hiveh ETY Bk PTG, rediffisp éibfjehly scaled devices, in
order td Sfidetvi nRgribIR endrgRdckR biraogiet For Fdrnigg 0fpperttas:d wietahlites) as sypesingly tighter

constrana? fEECfIP]?OSGdS\W% r%p?qp %‘ne”e&& a%%‘g}egsqﬁkrgﬂon%xd ﬁ)ﬂ&fc% mﬁ'a%!e;){stws of copper

lines wily e wgnvauw altrhkqgaﬁgfepfgrefsrzwﬁ appretidpdges| ylttpugh B‘ﬁweﬁh‘“ mechanism of
electro LnﬁssﬁreSE ﬁ’ng%ﬁ&?fn@bpp@ﬁ lin&y 1§ houghpite i e tu[d@n@th&ﬂ’lt&&ﬁs out that voids positioned in
and on Ftﬁeﬁ)vf'dii aEuIF ]%%r esgfa g gsnain% reg Igurea[% G V\gottam%%g %ave a §lgmﬁicant impact on
the eleckra b stress n@muosabebmt ﬁrm?mral llewrvlmeetﬂtﬁ fndicat$ {hpt|therflgaresf of llegjty and stress

aspect ratio vias is an extrenely conpl ex and

chal | engi ng task, wherein_the characteristics of the

finally obtained copper mefal |ine significantly

depend on process paraneters, materials and geonetry

of the structure of interest. Since the geonetry of

I nterconnect structures is determned by the design
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high yield and the required product reliability.

Accordingly, a great deal of effort has been nade i
““1%W@§Pﬁﬁatlng t he degradation of copper I|ne§CT”§@mmm1"”°

mxgatib%ﬁs%?%@eﬁe%s bl BN Qiter%h SGlpbQiof @fjthcsﬁl&ﬁstﬁe a@nata btﬁl@tu@r&@ the mefal,

e caonductivity reduction | %p ¥ ? § dth
the conglfpn O ARYGRTREES {q PHEVPRSRE FAEUA PR B"B&“él delegtrlp Remidi Taylgs, and the
likee. for form ng copper-based netal lines, as increasingly

tighter constraints are inposed mﬁth respect to the
el ectro and stress mgration and conducti vi

oA i ERcsy xinsagqn@glmdmcﬁ(ﬁszﬁ% poundarigs provifle prefergd (E%%%PP Ry for stress- and
current-fbide@gRl Bdnsfof @tdits e CahsZ@snily s ditk/arcaidcte windsas generate smaller grains,

dispropoz wnat%ltngcrganzg e‘lee)ét?oc gndnﬁgﬂaﬁugé:mnoha){ géc@x‘:t 'Aﬂho%?{j gt%l;nr %ﬁﬁdancs may not

necessayify dsmprefoed difesiop grfesin GORPOT e M Ialgs B'Sé'}ctei‘sé‘i‘w@’c?‘bFfrPf gfyin boundaries
may neRABEBd ki fdAWAInkSas@ el overli@d:fRGI9 Sf th bt bazed line ¥Oingl® idndsed electron

scattermgngz at‘h%ual Sbo%%uﬁgubse é’ongﬁi?eg% ghm }{% co%\/}gx %ar%;fag{l]m%g r@éggs of metallization

e elec ration av
layers, iFvhplingittsalkposibaed the ek 8y |swbseqpq¢aane@ta@ tbqlmf andifes e g?eé%eto b controlled

in an a@én@@tor Rerdpsthfnfi® of 2heV¥id QREE AR B Ak MidS2R06/ 10 klkbBband stress

ion frequent!|y-depend on the nmateri al
m%mm?ﬁﬁ%ﬁ§WWW3ﬂtof the netal, the crystalline structure of
the netal, the condltlon of any interfaces to

NRLGRROL L0 B 84 aﬂleﬁhan&H Qé?:fu@cfue Q}QU ngQlt:d %e f@lﬂﬂlon of metal interconnect
dielectric barrier |ayers,

stcuoungs BB SR SEPU AP TATRISGS m@‘P%ﬁl R e&@“ﬁ? Gty even in
highly spil@fredroseettgksf f usi on paths for stress- and
current-induced naterial transport events.
Consequently, as line size reduction tends to generate
smal | er grains, DRECLOSUREQE THEINYENEION: cased el ectro
ang f(ﬂlﬁ)ﬁ/ﬁ@ §ream1tl k aﬁipma BRYmBE Gk invihtioh (DchHbr gf @buiide a basic understanding

of some &sqp%ls c?fr the Fiver, s sumrrx]lg G es ga L%usftl%’ JL}EIQ{ \% thﬁg ﬁt ntéon It is not intended

usion pa I'n cop
to identifirieey exasitie] m@ pf tof *ﬂmﬂwﬂrﬁ’f B @elinepst thessope ﬁﬁ%}e ww%% Hetolegyrpose is to
present S Rbrdctpfant didplifBEHARSER phdlRe R\NRI1athd defaB&l dBdotiptioh WatGf didotieed later.
copper - based ?lne owing to increased el ectron 10
scattering at the grain boundaries. Consequently, the
Hycgtrhily, tb@prpﬁlersxnvnlanmfsalutqznd|tm=gfe¢m@@fssfowfmgﬂeﬁt‘%mlqs remgtajpation layers

of sethcﬁMn%Eo? dex}x&g l Mgieﬂlgth& Qﬁargﬁﬂgﬁi bt @R oRfal ihE Bt Rlpect tth lectro and stress
Su Seguent annea |

[e
migratio@ Y Re GPIdRH VI, TPV 'E’cgf?"éﬂ'g’f s ﬁg%%e&@eﬁtﬁ?%aﬁ@ﬁf 1o Ermation of

the metilli@esnmtagto dnhitner ho pledhl sibuetagrof $ewetahliree s pemtditggo some illustrative
embodn:%? Reaaﬂlegtn'ﬁehtr ¢ lcﬁgt %cﬁtﬂé Qﬂea%{gyf&%ss %Qrﬁﬂirﬂ&it 1h\é|sﬁ}¥atmc}s§henc and/or

ore need exists for an en anced t echni ?lue
vacuum Reler tSHSIBH AT BRHEL Fof BP AT TR HofERLs that have beon
introducsd mttCthah@s devdyl gdctdidgOndnefittnig pRbdes S @ird embodiments, the heat treatment

compnsgsu;{treeagzta hea g%?ogzassnﬂlt F Iaﬁil%ng({l tof \%?}J ;?[éalg&%rg rcregtgthf’?ﬂﬁeegetal line along a

m crostructures )
predeﬁn@i @@Et(gswﬂstmawnqw@nﬂg@wgwowlww BRRfeAigpdiredent
a S|an|f|ed sunmmary of the |nvent|on in order to
eSS AP D S BRI TP gbl o
metal liggfin b Higlegtuip et vfotnnetdlltzauog layertofa mr@waé@tor fagics, ibpreip thy metal line extends

along a@erngt'ﬁ dirbekiGRl MorSdBMBR h2tRf cdihiBisds PUEIMnP R 104t tbmélekd RBaL RBmperature
scope of the invention. Its sole purpose is to

along thb*e%%%ﬂf%‘%’ﬁﬁé‘“&ﬁﬁé%ﬂb‘?’g‘a]l PP simplified formas a
prelude to the nore detail ed description that is

qh §%Hx§l§h%gwgkﬂtﬁranotge§ lﬁ@t@ﬁiﬁr@k&%dmﬂzm%f B HREMN m'véﬁ\i&lnﬁ 'nQﬂod comprises

I recte formng netal |ine
forming fomeipl g 4y ? iglepteis dwe Forgd GBRTP COWRRTEE GTRIEYE @ genicon ucto? device and
wherein the characteristics of the netal lines with
respect to electro and strz m gration and/ or
conductivity may be inprovéd by applying a heat
treatment during and/or after the formation of the
nmetal lines so as to enhance the electrica
performance of the netal l|ines. According to sone
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enbodinents the heat treatnment may at |east include a
atln%wprocess performed in a sub-atnospheric and/ o
C?@“VHE m and/ or reducing and/or inert anbief pngng§m1HWw

perfordi® PHATRERHQY b Q@eﬁ@* Ney@filing QRIARE BAME Snetah #he. hAN@HAEBN the method
i ntroduced prece

compn%%?sgl&ﬂﬁ In}elﬁglxnﬁ ‘;o&ézé%lglg gt?ﬂl‘)li:l’ﬂ% g{cﬁ% o ogih%ass dxg o Ptamln%x)‘}]s in the metal line.

heat treatnment conprises at |east a heating process
thahe f11§sttgt%)%|cgﬁﬁgnehtcbf VR b¥set ihRHRAI @8 HE®] 1RE @%Iq%ﬁ’edltcﬂa teB®ing ambient

RGN e ——
with 2 predepiesed oditicetder ofimagdBudAot savelrlifprt oud aisoifibraily beyond, whereas a sub-
atmospllleu; Miéﬂ%ﬁ%ﬁch@lm@gﬁrm&m&;s thtatt}gngg &6 GMlkes bac\/\ﬁﬁ& £1843 to e environmental

onprises formng a netal line in a dielectric
pressurg ‘?ﬁb@rmaﬁ‘f facgiring facifity foragupey ﬁrefsé\rﬁ &97dEPnsy seni conduct or
device, wherein the netal line extends along a |length

direction. NorgeNen RpdriePBRAWEREsPer form ng a
heat treatnen t—rvi%§¥§E§ﬂ¥§§ﬁ€r'r“r—"—ara"g the |l ength

direction in a tinmely sequential mann

GBI B RSPt Py Rt i IR S0 P cpippion viththe
accomp@iyidg e wiize sertichlikseished ymepalyiddntifydike denpnis sedin whish:m ng

a netal line in a dielectric layer fornmed above a

substrate co sing a sem conductor device and, 3 WO

Xigay 1@@@2@1&%@%@*@%?6@1@@1&% d58ies gripdineg Hetplizgtion layer containing a
pluraht} roﬁ aﬁem? mﬁlesI Ghe NADShdkeYistRs OF Yadich | ithn@speétr td Cdiddtr@ a@f sttele migration and/or
conductév)l(tis ar§ tonbge € arécegj n accPL%iQn%én xléer’{ igésggi\ygg%b&gﬁ%er#%% pre%%? glregtrir% o

out - gassing of contamnants in the netal line. In one

i ll"l,lgd—ﬂcﬂﬂ‘s@ﬁe'xn\éﬁ’caﬁ}rgﬁ&@' APRAkieRlor § B8stR @R RDAe b PMARY bOdls ardak)@vhich in turn
to a reducing anbient 5 after

mdmméﬁ%%%ﬂﬁ@”f%”?ﬁﬁxgﬁ@ H5ient. In this respect, a
vacuum anbient is to be understood as an atnosphere

V‘Flétﬁ'@SQC Eﬁgﬂc‘s@fgmp{[cﬁﬁzsﬂﬂfsﬁatcophetah?eatg{eﬁjceﬁl vifch FRapbhider ﬁ»i@tal lines varies
several Torr and s I cant |

along a Jqngih Sisertion i@ 2 &R é*i‘it‘e“%iﬁ?‘ai“}?ﬁ‘lnﬁ%‘é"dﬁ%é ity P@h‘%ﬁ a‘i““ffi%a??%“ of the present
inventidnhat range from val ues bel ow but close to the
envi ronnental pressure of the manufacturing facility
to vacuum pressure conditions. 10 BRI EF DESCRI PTI ON OF
THigurpReAbaRatsatin dlustrageh haadts Rieeyss Fath ¢itshs pagg tyiperature along a length
directioh,&fheh @A ¢ Be deffodnBEonfa@blsmud tags desding o ilivarativesododismts;
conjunction with the acconpanying draw ngs, in which
like reference nunerals identify like elenents, and in
whigurh L sFlieguatically shovsdhedgattticatmpt yf %‘E‘F‘Eléﬁt Whgreig a jeat transfer medium may be
used in SRHUSENTUCE@er RWARE UGG Ng a netal |ization |ayer
containing a 15 plurality of netal |ines, the
characteristics of which with respect to electro and
skigwes 8a sohgmagitallp Mlusiraeh @ rsemicadehtas tdevidet ipcluling & getijlization layer formed in

accordaﬁ&%ﬂcdeﬂmhsgeré %&9@59@9&@ a%@ehnédiale%ﬁf@&t&rﬂﬁg sﬁﬁkb Qldi/HmnﬁeSsemlconductor
present 1 nvent| on;

dovice %%ﬂ%ﬂﬁﬁe&hﬁﬁv s Bt @HOR‘&G%&?@ i g A
of di e areas, mhlch in turn include a sen1conductor

dre%%b @& $ ?1%}9 Wg&]l Qm@t&%&%adn@uot& Qevﬁ% QLB zid%an@Mnalngfacturmg stages in

ewalca trate heat treatnment, in which
accordaﬁ@rmféW%rtoa&rlléusavtw?@ebaﬁlmﬁ?th%féhe@&ﬁ%ﬂb‘gvcn%?ﬂong a | ength
direction in a tinely sequential manner in accordance

%2& tke mven{i(%lgé %g gﬁlb eq? va%&tn‘?'od cat}oxt;% zTnQ raﬁe]%ﬁ%e forms, speclﬁc embodiments

e schema ustr at
thereof h@atbpqqghm@re\g@r ofexamply in fhedraypingg png qqq;heg%qrygt:qjméletall It should be
underst@d ORGer, [HRNEE Rescrgidn@eein@Nspestd GibodTRYntde nd @itdnO¢dTe mib the Bivention to
substrate basis according to illustrative enbodi nents;
Figure if schematically shows the heat treatnent of
Figure |l e, wherein a heat gransfer medi um may be
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used in accordance with further illustrative
enbodi nents; 30 Figure 2a schematically illustrates a

WAL BA¥uct or devi ce i ncluding a met al | i zat | ST E@FRI6/011695
the 'paﬂflcg!‘apﬁgm' (ﬁsdld% CI-GARE Sortihed Nh@ind AR ICBRBveP Elpﬁ'@(ﬁﬁcaﬁhﬂ leB&lvalents, and

n | nternedjate nufa turln
e A o S U BB S p by PR e
according to illustrative enbodi nents of the present

i nventi on; a%ﬁﬁﬁﬁﬂm&aﬁfw&r%ﬁhmtﬂﬂiw showthe
sem conduct of device In er advance nanufg N9 &
sHlurative jepbodipepts pithntoeenlign e %&FP?B‘@“’W Fi\jit et phelanty, not bl eatures

of an a_et[m aalplereetagorndre Hzeribpd @sditspicificaion.i dnwill\Miicbuesetbla exppreciated that in the
deveIongXted}ta 1?911011 {74 %ﬁg&ﬁrﬁeg & J’l&lou\é ?r@hlgﬂéltaﬂ&dépgcleﬁaéel‘,&% :@ﬂgbe made to

ternative ornB specitic e ment s er eof
achicveaserl¢vagRERNPPERicIRE)S: SR @ empliacs itk eorarrelali! Erk e Ef}aé@d constraints,
which WIR /&ty frofl @B€iipl@ehtition Bekéthdr. Moteo®hUiill bb&pprodibted that such a development
effort n!f{%hq %£ fségrgpcfex n%lla BW% %s&m}x% %‘ixt gvgu?c:‘] ?egﬁr e g:@t oﬁnrlolringxe %H}gﬁiing for those of
ordinary qwlemhp ahhavine mbwtzﬁe’eﬁq@@wo PCT/ US2006/ 011695 t he
particular forms di sclosed, but one the contrary, the

ﬂﬁ pregei lél}reﬁg(f tv%ll g&r afi s-.cmlbedmJ ?Aﬁetjer%%tﬁ tootﬂe dttagltgéjh%uacseg’gr‘?dus structures,

systemsaifid fdviges mmamallsa@pldted mrﬁl@dirmngﬁ fre plam;@mﬁ eratlapdtion endy and 80 s to not
obscurqurﬁlﬁeﬁan@ﬁﬁmuﬁ-@e&m e ald el MWJ %e@kﬂl&d iHSl‘iJ :ﬂl | N&fertheless the

stacho A CEPELEp By SO R BGe Bpeentbn. The vords
and phrayes usad heieiqhaa hign tugieison ad ategesaitd lpeda meaning fowsistent with the understanding
of thoseS\Q(ﬁEsl afnh g@gsksorgl tllolsé: sk\Meh ln tﬁ’é refedf € Pkbespégpﬁe@iﬁﬂn@ﬁ &q t(grﬁa)tr phrase, i.e, a

devel'opnent of any such act ual nbo i men
o RGP BIEBAE T L SHEETY sl SHBHE RGP iled i the o
intendedT@®0R ithflied B tingstant tdag ddereabrmpe hirasedpeinl v thegoelt shat S eodor phrase is

mtendecﬁt% h%%rgps}nécﬁpgxgan%t Ig §VS g o[h@xl tﬁrﬂlgrslg&lﬁ%ﬂﬁtﬁéf z{rt%luﬁt s%gh a special

“vary ron1one i mpl_enment at 1 on
defisition W O RETY FIPEY é*re Spacificaiop ja ristiniigaplavanuer @t dimdly aad eRauivocally
providePth €@V ogImEiB folfle ®inf @phrad® ght be conpl ex and
ti me-consum ng, but woul d neverthel ess be a routine
undertaki ng for those of _ordinaré skill in the art o
ébe iregput iesntive irefiriatoddd 2 teptinigueiiba ehablyaithe formten pfmetblines in metallization
layers of SV4ER Hl}osﬁalw sethicEHAMD @ev@%§ GhdrBR 6 codidiibhe Etﬁ{ct@fe%ﬂﬁemﬁtﬂs ERBT the degree

ot e G BB UL 8 5P e L Rt o
with respagt ip ds esispiice éxghicanart! istoass wigtejioramdogpirdsheten cpmipcttwj}{s Wxthout intending
to restn&tlﬁecﬁfgs@nttl%tﬂﬁ ﬁ)stﬁé]?oﬂ(lnﬂ gle%lamox\/\ﬁﬂt Do d8lea bt Ratcusd &' the number of

known to those ski he art. hbverthih [ "
g i PSP ﬂ*wwg%%ua"&c@flv AP e ESEPPISE oot fn in
electro @d[trass Migrbtloti St feditcéd/ mdex ephlesnichndubtyitp iscis@nbed. As is well known, the

crystalle g'vo?% Ealgnn meI ﬁne F g@rosh%@&re?&%%g%ﬁﬁ%? gepgrﬁroﬁ itlﬁ tﬁ:@ Qﬁhgerial used, the

erstoo Interprete ng
dopositigroiReISRecHHEd. o PHOCHSHE Y RUHE gouehut Foh 6 0SB s ST well a5 any

precedin@RhBGRSqUaM ptdBQ&E ok abthat degobitidn b the @klvant art. No
special definition of a termor phrase, i.e., a
definition that is different fromthe ordinary and
disingmas, yormerdaichgetalfzationderestasatesinly formody gkad dlgigpchgmical deposition

teclqutfe@ @mﬁ hd siectr@pla%gg, kit 8R 48 DralrQsizZe @nd Mrj/sﬁ_?_mb Mm@t@r@$1gﬁﬁ@ﬂﬁy depend on the
ot

deposxtugx rt‘a %ﬁr"“‘g?ﬂ %g é]m xgsxon{) %{t entdeé’g’%% %‘ldﬂvg\/ éo l%«le @%‘é 'év)%h copperabased metal,
since refheadh dingpsicng ef the dremberndng gyiag trie rresuily dm thee Hermatipndd meetad griing \pf reduced

d1mensn§1}§| IHegd, @& 'idh&é@%mnd%t’i@ﬂr & tﬁ@@c&)béillbasecg ﬁlfethlr}hzlyl RNedikdal o“pr% to increased
exp ress1 set forth in @FCI ication in a

charge CE@‘F“ SFﬁ“F‘i‘”@ﬁhtf‘e ‘ﬁ‘ﬁ???f’é‘l““‘fﬂ??é? gﬁ‘l“} BtPREsand unequi vocal |y
provi des the special definition for the termor
phrase. 25 The present |nvent|on iIs directed to a
techni que that enabl es the formation of nmetal lines in
netallization |ayers of even highly scal ed
sem conduct or devices, wherein a crystalline structure
of the netals and/or the degree
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of purity of the netal is nodified by nmeans of a heat
treatment to enhance the characteristics of the netal )
WQ DS th respect to the resistance to el edGTESEME/011695

stress nigration and/ or their inherent conductivity

Wt hout inte ct the resent

t Yornen pof W&‘i{ii"nﬁg é&fm?eaiﬁ%iii%ﬁ%‘ ey BB R R  F PRagna vies n
substantigiel UotdHea nohndr hequinesndoghistiofed 3M:cgupiting Isownmerr thgsinvolveiighly complex
electrol?te E@Et@:h l'l‘h[t]se aWah%) &*’Hdﬁtti&grkhchyasaife%ogﬁgn Ld6re8br8 Clodetefaidhs, complexing

or nance ' Tine in ectro and
asets ) RGBT A o ORSEES ST P EHE RGP & e doges in
metal aCepabiiel thittiy\alsb Sonph@rigasidesulfisy inleranedohdukiidyns the dn@al line. Furthermore,
the pre&zﬁc\é%&“ @tlntatnrpaﬁty lefun H‘E'ﬁ%la?artd)gr 185 E tenl:é &edsphgghty oti %am boundanes may also

ostructures may significant depend on
bave axgpiypppe it cleglseepd Strﬁémlg&éﬁib%ﬁhtvi%rfme%&fﬁ'ﬁibawéafifé é‘tﬂ”ﬂf i gontaminaus

may affost %&Sﬁacﬁbﬁﬁtﬁm A SntdifBder) Bc’ﬂWd’éﬁ che trﬁat‘abzu@ hdjadent dderials, such as any diffusion
eop Qﬁ: e‘?’a%ﬂ bound rt cﬁx%cf‘t ﬂuggg & gtgelssn Haul %&%aﬁertal transport as

uenf r'ocesses 0 osition o
is, for ipgiangd. thesnssepgrr aljupiging n @enseqemﬁbéw rtpézfees t!iétceiptiliﬂzieitqf g metal and/or by
reducin Y ghoun Wt ConRi@R Mk e vdr iR A teRic TR Ghet B HOAR aRfread.

deposi tion techniques such as el ectropl ating,

wherein the grain size and the crystalline structure

skt gwilfl be aptebiptedibp dingresmt infrationdepeisipihonvanteesenen diesonigrgiof copper-
based rﬁ)eﬁlalltzt}f;on déy% ns?rlc@ %seosfu'u(t,nh'@s dr g/ﬁ eh@%na@ﬂ%tﬁf&cﬁ@y he d%sceme process using

wWith t pper,- base tal
s e o AL BB G A P Y Ful v phdeomortng
contamii@tsi the elactofytemiloaibveq ha prenidfventod mledsoﬁﬁa apiligresic@higes formed of any
other afi!%bﬁ?te rr;aegaté Qi!ihﬁrag qumﬁtgﬂd!s{ﬁt l!ht@ fttbé p?cfsen't li‘rﬁ/e:ﬁlgp Qt%ﬁl’dhﬁ§ ﬁéjconmdered as

bé reduced owi ng to I ncrease g
rossicGd e PR based pealign Brers HISH feh Egeipny ey Grigfrn the appended
claims.boundari es. 5 WD 2006/ 105320 PCT/ US2006/ 011695
Moreover, as is well known, the el ectrochem cal
deposition into extrenely scaled trenches and vias in =
aWValytstereaette Bilg‘]l’?s Ndf ﬁ\dlea-é% %ﬁﬁ@sﬁqttéeqmbp@glents of the present invention will

now be&&ﬁbﬁb@tﬂt G@t‘ee&taﬁ] Qﬁgu[‘d)m s'ﬂﬁdrrﬁ@:aﬂyeﬂilaﬂi Qu&ﬁtcdnhta:tor ideid2| 0@ comprising a

ro ol ut
f
substratﬁ Ilg{’] é%.\fi gfha\ée df&)rrfle%véfgemx ﬁastures 0 mtcrostfucéiltres such as circuit elements o

mtegratgiﬁgrgnfesﬁmswstraafcl@é ey rpToteRs anmwpmreséiSwigﬁafﬂsfoafge’nt%mlafnﬂmcwms such as

semtcmtdti@orldb\}fc%s r @nsﬁ&ﬁttﬁé N6 fkate Mot ﬁifa@' r@ﬁéserﬁ h@ﬁEJnQ:laééB @ubstrate in the form of a
ons,

bulk sﬂﬁt& sgﬁ)str%t% or&xes}?%%q ctnexasu%icﬁéggﬁgnstéqt & tg t Ingi{_ﬁn Sye ! e gﬁeé mtegra%d circuits,
such as km@rsaphdeeseogs, Biodagerchips, ASHIsdutihé Nietape rofsenttly etamégcairemm the basis of silicon. It

should 7Y Eﬁppe%{afg@ rlﬁ)wevct' nﬁat REF %ﬁ&cﬁipigéna%oﬁtnﬁmtdﬂ@f&t &at%aﬁsh kifdh t.8 Qiticon-based
d he exi'stence o luralit ral

o QST Feégcon%fmaie%favs e T R A
and the anddxﬂttmeasstambgmmtcioﬁfmdaebairﬂfemm inlerenCs@raigroa substiaealinceditgesy compound
sermcor%ﬂ: %teitlﬂesu%fegltl s@ﬁﬂ&rﬁuctd@ﬁ @génﬁ %dutc!?:% and th hke may afso be used.
aracterrstics inter aces petween {h
and adj acent naterials such as any dlfoSIon 10
bk lsér@Eadifodt d6@RNO0 maMpive GorREd atblkethg rsaisifatdomtrtetabi eSre metallization

bamersqor%gp e

layers, vgta Xam 16 rth%%ztce,!r%lalrynefnlbgf men?s SB he at?}né rén% tﬁattlc]rg ng%j ]flo : arzb are fcmrﬁd as a layer

stack. "@om@eﬁf@em layer lbynminﬁ!}sﬂ ngleite%ec leey Blang p pistphling fl 12 pyiick is formed in

the dieiéa%tc flyerangd/ Sﬁ’rﬁilalﬂy thel UG iagf&iez@ﬂ@twtap&fa a gmfat@ct Bafifles 122 formed
rall characteristic

vt BTG 121 W 55 PA5F SEMLIT A P BISRBLp L wdering
metallizhtivu &m¢ril dhbyiasvigplas .t Tie wieal lings 1d walritl Ageoiesompristdd anopprentiate metal and

may co&%ms@ AP RS paﬁééar%@cﬂm%tc%pleﬂ 7@dLiRRadi B8 rc&npoﬁéﬂtkcﬁayt Rase: locally, be
ructures are pi cal | nanuf{ﬂ%uged y % p 4 that th
provideg fn iececl {jgs 167 giob L chigr B "R RIS £ PP f Pl that the

t hereby generating a | arge nunber of small grains and
I ncor porating contaninant& of the electrolyte.
However, the present invention may al so be applied to
netal lines fornmed of any other appropriate
materials, such as alumnum and, thus, the present

i nvention should not be considered as restricted to
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Wth reference to Figures la-If and 2a-2d, further
illustrative enbodi nents of the present invention w

i
WO BE3Yescribed in nore detail. Figure |a PCT/US2006/011693

presenc‘@ %F'? %Bér%ﬁ!})l Mayséﬂ_eé%e e %%t@%@%taqgspgﬁ%‘ rdtal %prln v:ew of its resistance
nprising a ubstrate 101,

st TR ghYy et dlemgTertieh &éﬂtiﬁﬂc?&?t P e %é&é% ‘°af§i’fese“* copper-based
metalli@iidnClajets, elp@piind nrkf la2ds mat Bgpratiéd € precui dngue diffi@ion of copper into the
adj acen? MQ ({tr[c%a?englggf a8y, elrs g0 £ ?ﬂt F@P@éﬂ@gxgr[cg Qﬁ)} s@&heoa%pl%efs%e%ot shown in

ormng mcr structures suc sem conductor
F@meH%%¢@@§”dﬁ8#m@ﬁ§P§ﬁE@ﬂWﬁh@&§ﬂ%§?%éf%%4§?°ﬁay repr esent
a silicon-based substrate in the formof a bulk

S’k‘ In%%p u%y%tmr Lﬁ%laye(f)h()%laﬁ’aédng 9@1@96&%1? tVQ‘[lGh( gbgaracteraze the lateral

dlmenS@p p@gﬂ ngal Imeg Q% Sipailagly, éﬁ@@ ggq_gg%]ﬂg magbqﬂe%@ Ibg :l?p ﬁwgtal lines 122, which

is substﬁﬁbl%e@ﬁﬁmﬁlﬁl&o Int kRith BeRioP [ BSedk bMpdﬁ&ﬂlﬁr &ﬂhdﬂrﬁ»dng(}ﬂhn& beFigure la. It
C| at

£
should %)%agFrecxé?ed tl%{ hn a%vanced mte&ra%ela cnrcuqs such a Clﬁl &complgx thcroProTessgrs a plurality o

metalhz\g(y@hla@gs glpchm@@ln:_ b@gseljloa@d rﬁﬁ@ eqrq‘. aqacgcecl Ae |tququgch other, wherein, in cach

metaihz@@d’ﬂ 15:5@{‘ ehd 6 Rk ik %Q{apﬁ}ﬁs &Een&i hlfbﬁtﬁftl@iﬂt in& Qﬂrﬂ@ﬁﬂaihlo@ ﬂx/he&hbcrbbpectwe metal
ni um si

ines i P PGAPRI AP I TOPTURL A URET Al PPty to e lng

directiop i glreelatier sxteraaxzmon dayers ubs thisaways ainphagite nepadiagees bipon meptal lines of

uclghbo%ﬁ%‘r}n ﬂ%ﬂ&; 1Rers TR Biridnfded A%Aﬁh\g@& sued anVArraSRRLE, QﬁhdrH&atll%t%n layer 110
-V sem conductors and t

may i R ISR B0 PHES S HOF P Bt 24 3
reduce helbypdcitive eoubldg terecnohe linds 22 mmt ael It zetid dnappB&atedthe sgh an arrangement
may be Wﬁt%&&ls Wlitﬁ] re%{gi,q t@%@&g aff bt ﬁ'?@edinan‘fapgvﬁl be B&Wﬁ)ed lta%épon wnth respect to the

Izatio ayers 11 are fornmed as
heat tregtmgnt [for npﬁ]@ufgé{;eeﬂrys alling ft@lﬁtuqeaay@?mfﬁglgwecéw Ff§1§d gdwxduai[y for each
metalliZEHical 1864 110,C12, al)i&ﬂlerle]:ﬂaocﬁdﬁditsasdi’tﬁtoahll bfitanelal Rnes W 208 132Snay define their
own specc‘}{c vr@h 4 0}1001121%4 g%z%rectmln Q¥§ Lo t%ia’lt;a ecogés%%nh@%l‘&{mcu%&? heat treatment
HwybGW§®§mﬂPPWE§hWQE“®@?ned mnthln a dielectric layer 121,
wherein one or nore of the netal lines 122 may be

g@gugee @)It sggi%%gliﬁsﬁ%#s%ﬁaglxx%wnﬂ gls sw.l al l Oé k n%ga@}{rglléty g‘fl (Qe regions 130,
each otwhipir inge dhclofe aﬁg}mapgm@p[dﬁmeesqq’etaauheaqqm:cqx@uqm)ﬁlevice 100 of Figure la.

MoreoveOfiP Ehle $€iond 190 BB SoRAES AsQéJJe)cﬁSse erhedinRoL iay& QR ﬁ'ﬁarem the length direction
addi ti onal cqnpone east

wher
125 of g el GGt "R CCREHERARY e ro P ol Fegtslne 122 n e
drawingks ds Sfotnstrativeredtat oy hedythusFbe lengus tiizaadm, 125 tdefivasth esn diumd It should
further Etba%l)re&;l&l tha@i g\ﬂm?egs%é Mgﬁg regga—s./ §%ﬁ)c9§e!s}%gt]t§ 815 subgfa%%%ﬂ&zﬁon and, in

copper ance e characteristics of
partwul%retg%@%qsw ofibe BELIFALR 3 %neﬁﬂﬁrts‘ff mpguéfieflesi st ance
agai nst electro and stress migration. Mreover, when
tﬂ? %nﬁ%%&u?toxl(%girea{bg m%ylge f%lzrm%d En ac&?«ﬁﬁ %zv?tlg}vgl?& Bfghed ga%c%ges which may
be desciifed S ginbedisesnts oefm\;@emﬂawarete@mmmwofﬁfm@m é%%g@ff 24 1ﬁfro>n In other
embodihées, w@ﬁ]t&%@ﬁﬂlzﬁb@ia@g b end@d &k lal@lnﬁmxﬁ-fbasEbﬁethlEz}ﬁﬁdnSaylrl,lhe metal lines

112 andﬂg?méhzbémﬁg by%g[%\sllgt% ncngdnh%{}?(e basxs I}we -~ Iroevgtbéeaé/ %mn teg}lgug{ues, such as
chemicall eper depositiorh spts dypesire apbthiFlikgy Tlcxagir] e ogtal dcr i o e by means
of photdhth@&ﬁ:h}gn?d well- egtgbﬁsﬂe@é/t&{ tech@iGueSBerdi§ torBife fe Wbtﬁﬁtliﬁes 112 and 122, as well as

dire n 124, aracter|
the via &3@ eg?a £ %}featttﬁ@mﬁ%frﬁy %/ [iaeﬁtg ei E)Zmodﬁ ?he anzmibne sguolméehod"ttl}? metal lines
112, 12Z0asrveit bd devrillsd 5o tafplldnang ef, iradinpie diicsmbedimbnty, the espedtR® metal lines 112
and 122 y%@ embéide%%§h@@gsb£lnleyd1@e%{ng @a@rgﬂs cle 41 gy%eﬁcﬁﬁné"ﬁn%&opmate dieleciric

I rection per pendi cul ar to the draw ng

matenalﬁf‘%ﬂ@a%?“g@?edﬁlﬂénﬂ t89"913"[’”“3’10 shoul d be appreciated that,

in advanced integrated circuits, such as highly

conpl ex m croprocessors, a plurality of nmetallization

| ayers, such as the layers 110 and 120, are stacked on

top of each other, wherein, in each netallization

| ayer, the respective netal lines extend substantially

in a parallel fashion, whereas respective netal |ines
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may have the netal lines 112 extending in a
substantially parallel nmanner al ong the "w dth"
WOTPELPYn 124 so as to reduce the capaciti ve@CTG3PI6HE1695
between the lines 122 and 112. It should be
precrated that such an_arrange

argesgrrrl SRFPTIRFSE FPIPBEHIBE forrpipe B 6‘3@?%‘:1? ‘62 FPEFHiH rgbodiments for
modifyiag che c&&taﬂmd btrulyere e S@rmdoe dindsall2@ randdor thwiirt dmonig b @ottantigents hvgll now be
(m%mmgeg&m%agggnent for nodifying the crystalline

structure, a specific length direction is defined

i ndividually for each 20 netallization |ayer 110, 120.

| Mguad hetheenthalth dent Ssystan N ohfigatell toferfordies et tahtmbnt @ She metal lines

122 o \érjy?a t%gra%%idfgﬁythe %F: '&EF.%IHE ong the M%thscﬁrgéé OIL L5 r}#l %Qy sequential manner.

For thlsw@rppgs%gwefeﬁd% ' B EPIS ﬁarr;“;; eoapfee { frleér{“ﬁlbﬁ ronﬁﬁ‘agfbfe establish 2 locally
restncteﬂ Qéaftrﬁg' FRE 006 iR kheisitWiatd cualin &ﬁS]hﬁtrahFd @htio@imbdd, the heating source 151 may
compnse a srfurca tfor esz%ab M‘rfné a%taarri g rzRi]ga? oer ar ge\a{moc]:f c?eg%l'lpbi%cgr éf:l :} l%caﬁg relgtncted beam
spot 15 &m s fp thcas}ubatrnre I deehe@pustém@m 19eRY éft3or:ay df@rpﬁt@ean examplp of §retidgally restricted

heating %Eﬂ Fﬁ@ﬁ%ﬂﬁ{cﬂﬁr ?v.::ﬁl@dﬂin@eﬁt $0 Qeafl 1 TG UEResbRa laseh@d'aﬁ@f'@"emﬁédrd&racterlstics,
1,oNns,

e
sch s o I SR 40 290 e B AORE B GE BT sone 15
The heatifbSsogfee 1 Henayatwprist inyerddif@chal mseamsoippt ghdveshtegured for forming the beam 152 to

exhibit {ﬂ@%&é@é&%ﬁﬁi&@ﬁstﬁm%ﬁple c%sﬁnﬂrﬁﬂ;e@& 'o&ﬁ's QfchbahRirf¥RY Bhses and the like,
| trati

may be gigFJecip fotsripd Sroals BBAN. A riGrbF s el A Sot (01 Morcoer
the systSiC EH0 1sd:|0ﬁf@lted onstablith asbiaiik chotidnlbetvhrthelsabseqiptOd erdabeidattng adurce 151 to
enable alnﬁ Po?i' o? B2 1 lelytrgﬁrcgh 90115 @93' aQ fLse g'lgr% tm It:rl'éthrcﬁéﬁﬁﬁtm’jt Gor instance,

strate dimension and, in particul ar, the
the systgp I’i’é{h SR FEPEFe & W@Veﬁge gqbsqaferf@ldg_r2§4 \él’i-l%i Iabﬁ?sf meréﬁqieie ﬁlong the length
directiof8EFN | Ih b@ek. caskh) GheS@IFRO ﬂ(dﬂﬁr‘;tlm maleMdo G nibOableiyotine dfrexkieieuch as in a

further atera?&%a{og ger:]rge%di\é\{lﬂ%g tc\)’\@le ngﬂslg%g 1An31|3§ Qm Rl%?:ﬁé)sb%%ovm r%nlcally, that is,

ts re errin
ﬂmgﬂ@éﬁﬁ@@@ﬁ@eWE@Hﬁﬁque mnth reference to Frgure 2a | at er
on. In other enbodlnents when t he netalllzatlon
:Ig%gf‘g gpeg'a?' ?‘Pe& tsg] en1 ﬁh s@itggm rﬁ%sa%g@% e ))/ bB goa?nonec{] ocrit the substrate
holder 15§/t0d§meretatlwgnﬂabrm¢bmml’m rlonghtbe Josedi diregiion Wis| off 2tdeaptronyefdhe metal lines
122, If %9&%‘1 lihe@ 2 §§$}W1&H%§sub§éhﬁmly5})§raﬂ& hexi tﬁ@llmg\éﬁﬁ@&ion 125 may be defined

osj tion, er deposition and the |
commm*ﬁgféﬁf?%meVE tal layer may be patterned by neans
of photolithography and wel | -established etch

tPg%lfenidqééf? Jahﬂh%@% arﬁ Qﬁlﬂkéagvrmgf m clf 'tl'ﬂzexﬁet lﬂz%tt@imgyer 120 with a

hereafte r, neat
pluralityof gigiehkst 13esypoprd ff)érr%ﬁﬂﬁre@ure {Shod o gl pERp g e beam
152 gen&rhtbdid loigakty Qﬁtmtt&al&)efmeipai or |hbdﬂﬁ§zonél.]1‘§2 whidh2n &g dabdrd a fd@tion of one or more

of the mgtﬁglﬁ{aé B%d tIrl i c{%g tl(e%leimg g{op B dQfines tl"ﬂg F)Qz{llg lrégi%i%cphegﬁrgezgne Céeélted by the

Ive ne
heating sppige bE- é‘ﬁ‘b@@@i axded; ﬂi‘f’f 6‘6 M‘F@SIW@%@C’Y‘W\?@‘B&@@I’% gng 18 rpagyr@}@cassanly be
uniform1 Thus, ﬂqg lntekﬂylty%@ 054 Ieinp@atiﬂ-ﬂ pRARICARE At 16kl 2e Gilak Ii6kally vary within the

. materdal a pl anari zing,the resultin r
veing (5 DA e PO T 605 PR SRR, BB vy, sbomon
charactepistiovad the dikw fbnlatifgopurfeoiSirinagbet direenpieeduck ihpf@dempeiurengithin the beam

spot 153 anll Wk, rv@ﬁﬂn\f}% 1&9@&%&%@ ﬁl&strﬁgofoné'@géejsw 1f{erh§rg5trtéﬁ§ieﬁ|:ul'd wiMich enables
tru c%¥re of the netal

s rontii s A PREAUE STF VP D028 B BB PR FFS SAFAfdsy o beum
spot 1535 Itish@lirte apreecimet dnmibicly hy ersirp depoatedysheadmntibf Gource 151 within the locally
restricted %deg%ﬁeeQB tngy 9@&1&8{5{3&% SD&Qﬁat [N @a@éep@xﬂfieraﬂ@e @vmﬁn {ﬁé tz@He 153 is reached

[Ines 122 to vary a tenperature duri hea
within agtipng digpehhat4pes Aes allwém%ﬁir@rtﬁeaa [RIEROFFOR wr%s the ﬁ“’ﬁ‘ Itfrer’r%% yFonsequently,
sequential manner. For this purpose, the system 150
may conprise a heating sougce 151, which is configured
to establish a locally tricted heating zone on or
in the substrate 101. In one illustrative enbodi nent,
the heating source 151 may 10 conprise a source for
establishing a beam of radiation or a beam of
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spot 153 on or in the substrate 101, wherein the beam

g’ot 153 may represent an exanple of the locally )
WG 2R¢14580ed “heating zone. In one particul ar PCT/US2006/011695

portion%@ém gﬁtﬁg ﬁbat‘i:@%ﬁé’@@%é ghg ol&BY 1ideC25 %é%&hlﬁ@an I}a&ﬂ’(fer Qﬁaﬁgy%t!bstantmlly
maintain ﬁ‘gié Ied characteristics,

TRy oAAnE R oot 3 SR R AT G Ry st 01
and the hentibd1@ulcOTH| hy hdathgt 2oheCt5e chahbadormel dowgehelGBth dirdien 125 and, therefore,
sequent?ﬁ}a}‘ielaﬂ%rtﬁ‘yg Ul Gl lﬁxg’ 3:2 reggpeﬁm‘flﬁlgc‘ fhe @ﬁ%n@}ﬂl@%t@d t&ﬁ% a crystalline

required for formng the be?m 152 t Jﬂj led
streturg3iflagy ¢o at%ta@é%ﬁtﬁ“@b‘e P SLp EPt Rtop 4t s e Qaﬁ?i? g Tt s now oole
down b&l@F theapendimgubaan ©pirdees the styshiligStrimiture chtatned Inewgigsly efdre. In this

way, th% I;ﬁge J)fl Eezgram{r@}fh]p Ghe e%?’ llu?e@qﬁ Qla)]; pe gka’ez@éhdinq.?er lgﬁ"g'ih &igaion 125, thereby

restricte
s1gmﬁc%gtﬂbr§thoaxg dhe pumber We@wmdanes PH émél}‘?ﬁ“b Iﬁnj_ls%anpes m(f?ﬁﬁ’f’r lﬁﬁfi glatai lines, a

grain sideGn tﬁ@l‘é%@ diS&ioR 1758 8 |V & IR lnio InAIBE ¥MRRAL he substrate
101 and the heating source 151 to enable a scanning

motion of the locally restricted zone 153 at least
db sng ctrhaliha@nghheginsiact e fedld SestriFed hoatngtzend é3 in thepgagth direction 123
may be §éfe%{e§ m‘:@%%m&‘mﬁl@t@ﬁ bd 9En 18ss @%Q@Q‘laﬁe Mﬁ&e{nﬂte&nmtad&{ as the zone size

which is at | east npveab
s oo Rl SPTiBELD §55. T GUME TOCLE Y Rer S OBLD F AE R apious sion,
for nstirbd byrayntiaheady hevinp vieabbseate holddrhist adiordggt th anwscifed cheedisor, in other

embodu:ants a ﬁlﬁnga’n{lngrsteb‘ﬁgeerﬁ&'lon gxh;f I%Ccii‘éagﬁ] v@x@x‘éﬂ%%# lnﬂér Jifbér $V@rytst!3§ as well as

Ire , nmay al so .
the stepyjige W?chﬂaﬁlystedﬁﬁ gtto plgain 2 %q%fi#g’le%fﬁé’f GIPBE R O e sl o 153
Dependih® 3n thUktdr£) GxtORRA L 1he Redly réshietes atigmodd 053, thinds, subiste &, ge vertical

dimensi%xg 1 ﬁorl[ll%y ox?«:f)u%rg%vpfr)rlx i?i&l}% lIaYcrzR Qirddf? %Iné P\Q;Q;?eqfo%d Lfﬁ?o léprﬁ&g 91&9 lmes 122 are

Ware t1on substanti al
heat tregtidh frg the 4ROV eleggtibpd dhaneset i1p ot Smigpingats,| i a8y be rﬁ‘évabtﬁget"ﬁe“’ keep the
temperafied ‘@‘resi”' Ha8e dididtic thdteribl@erdidiad the knBl@lShnES'ZQZ ar £loRnexi. de this case, the

scan op?af%}gg 'ﬁjlg Eenltergglr (Ju% e 81?‘ E%lonﬁ%e {elgj)erf]i c oncte %Te sev?ral git;}ebs v&q hraen?otdc!:rgptemperamre
created Iwuthegle be@ing Fingufe Hod msremm@épﬂfm@ﬁmraaw o rﬁlred\eﬁ’ééi zone may be
selected\{ét?eVX [ggmgatg [dols@fpcOf the metallization layer 120 with
30 plurality of netal lines 122 exposed to the
heatlng source 151. In the exenplary enbodi nent shown,
tihend Elaflﬁatuéb&&bgtﬂiﬁ&it ahecleat d@tnleacai y stagst tdcdtyacktiped ieating zone as
represen?éa fgr 1gsrtan %Ithtﬂ%arﬁ %g 15%%%?%“‘%&%&#1}”};&1&%& ﬁlra%u@atmosphemc ambient

one or I nes
ora vacwml gntzméfe s*rrtuh@e%@a ogpie the PigEagsig oha PR %ﬂnfaylcd in the metal lines

122. For B%tphip6de odicheat deQra&CﬂgleerQSt&afIyﬂﬁ played trhErespbugiad jrévgss Siahbare 60, which
be noted that the |ntensjt I

enables?bl Fﬁfﬂblﬁ ﬁ'l{l’lﬁl‘l% ﬁan aPri)rcr)Pmatf %%eri% wh1 eﬁ:e({m Ef(lloe\%és grogl[ﬂOJl %’ a sub-atmospheric

ambientipnd, fropnmilluFatise embhémpmae\ﬁsauwrréw thh ulssete@h?ﬁéne&tsuh@eheatmg source 151

may be pcfameli 0%%53@ EhabnBert1 BEorlndal gescollagd tU&M p}o@e@ﬁdhhlﬁbev 890)n such a way that the

Ll
seam 148 iS5 AHEF B0 0 T BT Py B DR Pl o st

partiallyaivsicn fhe iegactive bzacmihanhestdoc & samel ettlfpdinienti ¢he sifthigath @ trianbp pre-heated
in the sn%oa%&ﬁle&égr ngﬁbgﬁt@nsstb %@1@ ﬁ&% !iub@ﬂt gﬁsﬁgedm% @l LHi€ directional

beam sp
heating p%%'aquf o e é%?ear%atmw*& Bkl bin iz aaa'gis%fetﬁ# fepgpprature, thereby
relaxmgttﬂ:rc@ﬁralhtemaﬂfeaﬁaﬁﬁgsomﬂad: ch fenaikihete matalrliaesOllf exposed td thnmofing heating
tructure wthin the portion of the
zone 154 &%Vﬁ%ﬁym%&e %gtﬁ% is affected by the beam spot 153.
It should be appreciated that typically the energy

cts mlsdﬁteﬁgnﬂammte;b@ alR@ad: rgnsROnLyCRmpit a\ftirlhé‘ri siRp Ll @hiblom@mbtyt lines 122
are exp({s?]d t? e?ﬁ{%{lclll%igrgs aéx{?netn{ to r1‘:11gra.=: o&‘c?vui]é a s&xl??)(txa?ﬁ non—ox1 §41§§Sdsur§age :;} the metal

At UT e
lines 12¢.e fertbigl purWSt:,hu fnmangt gamf pther éY‘iV%ﬂeﬂ e Hé‘e @efﬁ gsesapiclp gy argon, xenon,
significant heat transportation within the netal |ine
122. Consequently, 8 WD 2006/ 105320 PCT/ US2006/ 011695
portion adjacent to the heétlng zone 153 of the netal
line 122 are significantly colder and may
substantially maintain their current crystalline
structure. Hence, by establishing a relative notion
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5 structure simlarly to a crystalline structure
rated in that portion that was heated before and

“K?%ﬂwurgmMOM/cooled down bel ow the target temSdfERfioQ11695

lq*yptot‘ﬁé%d ﬁé li'fcb@ maJ Egqu@oguce& ﬁ% thed ﬁf&tzs@ 'cl{aingﬁ I§d (NH&'&IM e pr@Qﬁ:@ 'n'@?gnge from sub-
I mredi ately befaore. In

atmospiirig jopReitipn% L R ﬁdm F it ety f bess of
reducini RAbike gy be i fbeed sionltah@bsly wmuheb;cctaosadgmeﬂwa@lw@d may be performed after
the zor.lg %QH&%ﬁ&e& f;@? ﬂ%{i‘gﬁa@g@f o ShAlD JQ&M&@' aga 85 b@%&fdﬁﬂédtm a vaouum ambient,

For I n copper-hased netal |ine
while, ropg T Hiusepg cmbodimgas g FgEHings Pear sl *Berd“i‘éwiﬂlr?%F héating, whereas,
in otheLAABBJiNBOELa ﬂﬁh)ﬁub@xoﬁcliﬁaﬁlgedp mi0bel parfemrbprivno dickiznrenbaing tidehe vacuum
S t I

ambxen??ﬁ!\ye% r}lzﬁ%{gaﬁr%{l I’?E%%r eC %bler}f %g%alﬁhgc ’@Qre th g%l:g dﬁ%ﬁﬁﬁ&tﬁl@ht which may
includefagng- ﬁ‘f“é?%ﬁéﬂ@?@ dispetipapbhpating sigp, 9Y a%per Brmsth inhegredyiing ambient to enhance
the pur®f Jtkie n@ALof R GIARN2QUr ati on as the zone size is less

than the desired grain size. The scanni ng notion may

be perfornmed in a substantially continuous fashion,

f Bigury s shweatically show the mehsiiest 191 by Pl vietevhstsingtha hepting source 151 or at

least a B&!tdi&ﬁere])ﬁé @@t réﬁhbtthe&m&Bﬁs@dlufaﬂtﬁﬁbrﬂﬁ&ﬂ&al 1Qkt, trehtfient on an extended

“vertwqiag)mt?g gfhg gﬁaéﬁate fé‘ih%h ?1%1 Sd Fr‘satlf)? ﬁ‘ﬁ% E)?awl}f restrncteé heap ing zone 133
across it etiregbsivatt [101gig thetnbrescst dirpctionzbat fraip Himureald fbcsteett}alshfe(alsﬂ indicated by

arrow 1‘69 ﬁhﬁ@én@ ife Igzgtﬁlh ERthe qggrﬂa%%oxﬂfns@%%%ﬂr@ﬂ?w@ %a\ﬁ\ﬁ)@{bs (rl%@shown} to shape the
heatlng zone

veam 155 8 {GRBHITBY I (o USPyERaE T G PREP G I 2AE 1D comprise
plurality badptitad fibdrainbt shewn thihdare vdngaNreartaigedlo prekiidvansurdiny ofalosely spaced laser
beams &QEJ s§l§s9&9 fUIn gdo%&e'r L gl‘cﬂlsfon Gra p‘ﬂ&ﬁxﬁ?&f oﬂicgi %Géré 443 alTRY% ttl%%mployment of

performed after one or nore netal |ines 122 are heat
10 o i IR PoEISESAD GG HEES IS RIS SR i e Somsters, sch o
200 mnes3 Ok St iGates, thay HBtbe PR viad\ba B tifigkeleds M@eok&ﬁjﬁ appgpria focusing element,

such as achp errrxa%%u rﬁreovxtd dtat %% %n Jf%gcht Et%ilggwgr] &5 &toﬁ cg ﬁ%ﬁ&:{ 41@1'1}? focused laser beam.

oW
On the pt}’ﬁr Qané,agsgecﬂymtmak@a@{er@)@yb&weé fpr i @tﬁﬁlyp%hqgélﬁzd;tspf beam and dividing the
same infh S PRGN o281 fBBY be repeated once or several times

with a noderate tenperature created within the

heati ng zone 153. For instance, a typical effective

t Egppe Hatchpmatiofly shews He dibdting sortsp &5 InefyFigyee lerspondingeld at fyrthige illustrative
embodiﬁ‘ﬂ@ Erpe?gr&ﬁge@ﬂléﬁalm 400 emBRichdnt, AR ﬁea't;hé detkd Bl inMe also extend significantly

I ment, t.rea scann e
in the 1EGE Ot H{%ea‘fef‘ﬁa%%ﬂ%“ e dpPY PLRel PP g i pon
of Figulyif, tvthereild reamisspadfertd B, themdgtalhneqf ngetal lipa$22 Yo hoptattabafer medium 155. The
heat trags?ej; I’ngéiﬁ'@ gSS' Iﬁ]ay%e PMQ&J&HM@ F&Pd? Bﬂ a%o?éﬁp ls@R ks ho@ﬁﬂr@geﬁ/ %PMH%er appropriate

bl ent si mul t aneousl ronnte t he out-gassjng of
substan%#y ettt T ERLORB B T B3 T GV e orm of vapor
of an afpdpriked fGid PaMIROS@ndeddatidneatderatufetha wos tor sloes dho lacker tedbfedature for locally

heatingﬁsfneEﬁhBL g)%.e gloﬁs?cp}n&tlg gﬁﬁcﬁbﬁﬁm&g Q. o&d&@&i‘?@ﬁm &1@&1 'lines 122, the heat

an a pri ate
transforgepite 85 BHEONAT etrordspre on Bp F‘yfaldlnFsol\Ké therehy “g Ff@ﬁfeswg Beat in a highly
efficienB MBmat JD BOBE RikeSt B3tad MDILE letaiblnd , 122 EhdQRCadtiitibdBdréaflbd datent heat. For

suppiynig;‘:tjé)aqﬁ%t él‘f’lﬁ’ls%e’r mg%‘\f/ﬂ? ggé nz:oa%he me?a?ﬁrg: 2 tté‘l Sttenées?;?c%q hpr?lap}rrcomgr1se a plurality
of indivisihe mipales IL‘S@@r 0%y crayrish eneco mlptle eldngagd ndyele phagsls yendna tptseally with respect

to the 1@11@&9 dirf!&tuﬁMQE‘ s@as\f@%nﬁ Radzztt BE or REAT 1P 2n 1B YiorkBanl diesRf UE Bure Le, the
hout_ undue, | os se% In oth

r ca
veial Qe PRSIl DB LR Y O WAL S BT e o e the
simultadehne treasps of ia\pdirgityocfessal dhantdz rdeddding bmths datapal extension of the elongated
nozzle, SEEQ% DERS noztzigﬁls%%tb% %&ﬁ‘ig&rgdltomﬁﬁbl)btﬁe %a?frﬂ?fét xﬁ&ihuni ﬂSS 111 a highly

sub- at nospheric or vacuum anbient so as to furt
localizeg pawert adong fig 1@6@& digeationil Adyin dut Prgpzanpening ey dayierie of aﬁ?f%‘matdy I pm
35 heating of all of the netal lines 122 and/or to
mai ntain the netal |ines 2 at an el evated
tenperature, thereby relaXing the constraints for the
heati ng source 151 for raising the netal |ines 122
exposed to the noving heating zone 153 above the
target tenperature. In still other enbodi nents, the
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9 V\D 2006/ 105320 PCT/ US2006/ 011695 krypton and the
nma be i ntroduced to the process chanber

WQ/\?{?@?/E(P Y%the pressure may range from sub- at n€§ﬂﬂ@2ﬁ’%/0“69‘

and the g@ﬂgc'ettd QDS eth @ﬂ@{@ %@Q‘hﬁﬁ b fanddlof ?dpﬁ)\ffﬁ’x{a@g/ sWeﬁiSﬁxH r §1 other embodiments, the
condi t 1 ons. heat treatnment

heat trapsd ey 1%@%@%&@ B RPTOF e SRS FPilS‘?Ys?fo Wplfng down. For
instancd, R @rclihdpeigiérmisekialzmg & Néepdsited) inor diretiond) @aper b oravide thafidedly restricted
heating zlar?e %Qngkﬂglefﬂg hig trparirge(ﬁ? i ;ﬁ)ﬁyﬁ@r mgtgrgal %?@plre‘?novéﬁ Hcyl Feflestablished etch
heat treatnment step may be ‘performed in a vacuum

procedvifihi ent, 5 while, in one illustrative enbodi ment, the

metal |ines 122 are subjected to the directional zone

hﬁ%&ﬁ &gt?r eéﬁ@o%[m%at‘? the l#egtmg sglﬁcre n%ggl%gsgapﬁ&t §y raflation, In this case, the heating

-directi formed prior to

source {5[1, @az mmf@é@pqtggle@ﬁg thahia elgzgeteqjmﬂlea:ﬁﬁpcgﬁgueﬁw Yyprestricted in size in the

scan or H};tﬂ Hi@dcﬂ:ﬁd 28] Urokr B&mgle Shﬁl&&&i‘b&ﬂkntMD QorhiiddsiaR@nductor, such as a wire that is
a se

o::oxmectecrI tora drésspgnd%ng ﬁmaer ?ué)ggr f CI)'E[% Emgat yu‘er@ 1mt(’§1tl}{\é;a0<§1|rr%ngg W herel_{l M&reover the
wire maaftbe prcomeryteciatorse phrsreel fowsing sestomeldiel na (irephihp dppt ragigtion onto the metal
lines 128 QMB?%mﬁé"eﬁfoﬁzH flﬂleteyteﬂi‘mgtahﬁg fehalscaldirdchen | i nes 122, 10

Figure | e schematically shows the substrate 101 in a

pl an view, wherein the heating source 151 or at | east

aDyog pwation hethe deatings seonflisyay dgwh on Eigtrd &e tiidelft & pah pperation with
continuA§ thk%%is@&otfaﬁ nri‘zi]f}l Ege%grtfdrﬂ&ﬁincg]%@cte ot §cGd1 TBEY dBhdRR upon process and device

extended "verti cal ortion of the %ubstrate

requireripifsc ok B LT P IE et PRSP thi! BT MY IPek? R gied 0 5 0
adjust the affecthg tapaeudSd thaasOgshetng ot 153e Mubsty deeffidite femperature may
aItemat&Q? of! Qcﬂf 1134 ﬂ? bg Ia&;gscfetdl rbonr}cn tﬁeseffel:tﬂre Eéagu{;ﬁecl 1rre§p@§1ve of whether a
i on | dlcae by 15 arrow 161. hi s

continueiy ﬁra SfeﬁWé‘Sm‘Pil ﬁ@m@@(?ﬁce 151 may conprise an

appropri ate beam opt ics (not shown) to shape the beam

%%h re%rence i E%Ik!rﬁs rtg'er qugrﬁh% tn?‘gdil\(xgﬁst df %l regélmg ﬁl%n LS will now be
descangwmmaqe |d'et§ﬂ d:flgut?p?tﬂlséﬁinatfcﬁfg’ eshaws( w@tcrf@wvmal Wﬁ&’t a @P@Onductor device 200

comprist@lal Jubsthit Y0 1306088 gRded tﬁerﬁﬁxQMd: dlgm&e RletaNiadtioh Yay@f 210, oBe | Begarding the
ubstra t

oharactﬁngtgs ﬁgﬂ&vabﬂr%%wgf tg%sagxfs ?teérra af@y %sfprevmfls xpﬂi;rne%/b 1'&1 refv rencg to the substrate
101. Atdéabtowsoftlsmeslipitioy et 210,220 mmemsem pf&»pffrmhed/mﬁelmatwnd@errof a highly

scaled sSRiEdAR%r ddvice ! ﬁﬁzs,ﬁ%tiﬂ@z@tm@ﬁ%&%ﬂ el c&xﬁﬁm ddectric layer 211 which may
ers,

be fomg%&selgﬁ[ﬂ%tgrgﬁgyfr%{egg su%;@ al ane%%lecbr}cd%te&é dm(irs[} gkesimﬁ éflag comprxse a metal
line 211 ame@risingMopiowelfor agnalkp phecpf, ivatren filecusil dige 81 2emenke, separated from the
d1electr1§ l‘igjjgr fl i?xdl tﬁt:ntcl‘ndem %ﬁsu@t% %Wl (%? dmaa%pl%;;}ﬁteefﬂgxepflay&aﬁa Similarly, the

t'i ca ber to uce a desSired focused
metaliiips GpTFALY COURFE R 4l fowéé)ps &t ﬁpefepr&&trﬁw@&rﬂ such as a low-k
dielectri€ @laRHe lafid thBkeD €Thel Seﬁctﬁ@ﬁyeeﬁi 1l @inBred y ploflip lof Renclich @26 having a lateral

dlmenswnal?learmﬁﬁgi tg{r]lgﬁj ﬁv m&lmgg ghetpe ﬁ{{%f Jn%gnguq% opgevﬁﬁln{l&yrﬁqurs to 100 mm
and evep é%w imggrligigiededetise. d‘ﬂormvgrufhe tepchgfc6 rdefana feeptiy difsgtion 7@, which is
substanttatl} Y&hdn@bii¥ €0 the HaR4li diFedtibn D1 @@6@@ Sur65 tof d aliele¢ki®Wyerl 321 and the

trencheselg? & aovgregw%aggﬁ]%}/er 2{]7 oﬁxtv.lih% s,l artmé:r %l Feec? l]é¥e 8 aIlhe seed layer 228 may be
compristche’ cumpri dr e otid arpwpTignmiteriaFbefuranofee the ﬂemhéﬂmnf rﬂt@@t W@W the trenches

226 in PELRGRA e%%c@ﬁenﬁ&l &elﬂgsxtﬁi»ﬁ %VMG&QQ Bl cﬁ\@ ﬁlustﬁtwel:dnﬂabﬁ:ﬁedt fihe seed layer 228 is
s transfter ur a

compis| a3 e UG P E i A e S By epostion

transfer nmedium 155 may be provided in the formof a

bﬂE adie 200%9&19“/1@& F%;e 2 lrrlaﬁ POEed BY th& Yot 50esses Aﬁer the formation of

propriate substantially 1 nert gas., 1n oth
any CHG%‘ﬁf}@Eﬁ“ﬁé‘himé on t“ﬁ Sugas 241 B e ahrenalhT hPs%aYrPé;?O%&d in accordance with

provided in the formof vapor of an appropriate fluid
havi ng a condensati on tempgrature that is at or above

the target tenperature for | ocally heating the netal

lines 122. Consequently, in this enbodi nent, when

provided onto the netal lines 122, the heat transfer
medi um 155 may contact or condense on the netal |ines
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35 suppl ying the heat transfer medi um 155 onto the
nes 122, the heating source 151 may conprise a

WOp?"d?"é‘f’l’%“y of individual nozzles 156 or may &&FPFRZAE/011695
processosﬂﬁeé?é's am@ﬁ!pbeeéxgﬁﬂalt &th AOFthRios heRO Bl 26Xt eRdisNgh appropriate dielectric

matenaLxg dsfpasnicca’ rf?h I%Pt‘?}?fz%‘} tgelffélfs fg\?zellhagtglrglﬁlgd g}aagnbcgil vgﬁocr: p!??gsltxonz(éVB) techniques
and/or sprpnseiiigudd oloted bradfdnmediphgalittegilaghy atdrrch tegimiquesca form the trenches 226 in

the dxefé&tﬁ@ ﬁ%r%l Aﬁq{re\@oﬁmpﬁxme@ i 'aﬁkghcgd u@égﬁn‘.e@lclrgfﬁp réWnéJ Extremely high
provi d as_an el ongated nozzle, thereby q%gtabl

operating sty Slﬁéfa’afgewé e thgmesliigyign Ly 20 BF suhsidnily H%Wfég fo cach other
along tie2ngttddipeativdi2ng) vaile fdnénstagt elicathet® Xihasrtd P any oo bhparallel to each other but

onentecgzll&g %tdﬁg:tm &E Oiﬁel,r Satte%mg ttﬁ lafélh oQfic HRE ﬁontflgl;akr%ﬁay’]é ) be formed by

gured to su eat rans di

well-estalished ﬁ?uﬂfﬂ dyposqtlgbtg:lhpi@@ﬂ atﬁﬁ.ﬁ‘,ﬁgpx’ dgpo&ﬁgn GRE), Fgﬁginﬁ the hke5 Thereafter, the
seed laght RECHdyObe thetiediby, ﬁ):hﬁitant:eb eput@ZdehRition andligolsmylata\aad e like. In one

particulf o s PR BB Shtiof e cd Bl ARIRIIRSEL 1

is kept within a range of approxinmately several tm In
Otlféﬁﬁfteﬁ mikO&ialvﬁE DESmast ﬂ'é%ubjkh&atto talhaﬁ] &E@rﬁenﬂ&ﬂﬂic&iﬁd 8. 300 ¥erein the heat

treatmerpt(:iiitp 1aP r%orm 1n a sugxgaéfafhgornrps 8 descn \g%t'h refere{u:e k]og%g’ugeg)f% fr t[ré (Hher words, the

y atrter down. I'Ns
heat tregoykny 3¢ mmabeelrerfaimeqimweﬁ@t lb@egbesq6ﬂ &gfer 22 ingp ldgatle testigprbtnanner, Le., by
creaemgrmrehtm EorIe Qs Qrd@s‘éhﬁtéﬁ wtuﬂﬁfeltreQ%% l“iEVgurEse;ﬁtllf Imlsegamh@ alohd e length direction
er e re men

t
o nEgny e ol B2 i P S F RE MET 4B may b modifed o
reduce e omedlern efsgrait owgitidried bmbmaidmerm@d!nan@ritosystalﬂihm sthyetatej fog the subsequent

eIcctrocﬁQxHan: &ep@?t%nto[’ &e %&1@ Fnetgle Alpe péét &@Q{eﬁtt 238 thay iaenpe%%d ﬁtaass%bstant;ally inert
eating source 151 nmay conprise a heater

ambionch afedtrcglgéw%ﬁra 3 BP TRUHERETS STRHOTHR B ogtion o G S yer 228
restricted in size in the scan or length direction

%J‘ae f)%gheﬁlmg@ sﬁews t&%egg&hﬁor @év%%ﬂ in mh&qmgdeé %§nu§acmring stage.

ctor, suc connect e
The devec@ @P%@mqﬁ; rﬁgtal‘gg?,\@}ed gubepqraychp%%%h\@'g{e%cefwtq}\fopés ao%ybstantlaily closed

layer atioRd the aﬁdtdllg:atfan%ﬂ’ et THeQWtdI hey ey be bMaspeiend et cofip@Candidt k&per alloy,
coL PO a

mcludmg %{ngonm%ta a\fc )}go &lf mc!ce ;%a]ulaadn uﬁne g:?ir i?lg dllke‘? t efhf A %f izE‘@ ﬁmay be formed by

Fation o
electrophagg@ whergif, fhasgd ¢2 con}ph:@ elediplyfeor srbsiatigllyfvoidise ﬁﬁlmof the trenches 226 may

be achid¥d. Qﬂﬁlﬂr@ the @'e;ﬂ)@lgoﬂ: [ﬁ&:es@ ORn@GRAhsGh BR G Q)T -accadrﬁﬂoﬂ,gsuppressors, complexing

agents ar-g? EJU?L%I mozgfeb%féwarp?nﬁtef %Eolgl% e?a g£ ?agil r.]irs d 90§rfpfs10m?sE e performance of the metal
229 duripg mperatiroefheatevigt 28pWitsie imeke iilustratieeyenthedipat, o rdmeed 28 essshown in Figure

2 is suf&@ét&l@o DlieaSEM SR in 1d iABSor s&mmengom&em REOGRSSS @mmom out-gassing
evil ce reg ui renents. di st ance bet ween

of contopES FpUaEts i ° YS! AHE SRR omhrdyree et dgument in the
ambient9B5 A%y Hedesigael] to slko firdheat eib hibsitaia20] toerpreifiad team@rapke tb lghance the efficiency
ofa sub[s@]xénp&aﬂge%ﬂeEEQ’oanQdari\%ﬂgStﬁe ch@arHFlg\{tﬁfotzuret She %Ieta?%' t\éﬁ ls the substrate 201

erature m er nat or a itional y
may be efeddy & rmpraLs ket tigpt iemBerap s % R g ﬁ@é@/mg the erystalline
structurd. I [rﬁ&ﬁ@(‘diﬂbb’cﬁmafts whtiatoRaly o ali@RIdIN LOMS pRheatingSHrefa e in addition or

altematlgcgy é arov%dmﬁ { sub z}(rlrléjsahe{%(g orv‘\!aéunm razl%réiera 35‘5‘3 E][ Elevch b?ﬁrﬁf@%e subéected to a heat

er | ratrve e
treatmerjt ppcesate flagplinaistrfoted begtitperoned alerg thayengthi direqtipr E25 s iSSP ¢ descnbed with respect

to FlgurESl 18UF efn%&nesﬁh@ﬁgénibt&ﬁ‘nlzﬂs &b Qﬂ’&téonblﬂxeéi tredta&d mSye‘&‘etﬂeﬂ&ﬁiled after a certain
o) or, evl ce cO
amoun YK SHE U R g 1t B s 00F s o g o pertom e diro-

tional hageteatnlentzatiyopprbraiye nen@1S, deR@@d alfRee) dfhdienflyr, tHedill process may be resumed.

Thus, th€ BRLAGHES i"t%& }ngél 19&16 bLhgs st xﬁ@fh Gnd 9da iR n§ﬁ'ﬂ%d during the fill process
| ai ned w refer

criteria ap %T revio sI ﬂ enc

and aisct &eth%gaéslﬂgs? ténnﬁ ts]_x@iy %fl r@ tIerf)éneoqmbf) réients such an mtermedlate
nmetal lization |ayers 210, 220 may represent a
copper - based netalllzatloq | ayer of a highly scaled
sem conduct or devi ce. Thus the netallization |ayer
210 may conprise a dielectric | ayer 211, which may be
formed of any appropriate material, such as a | owk
dielectric material and the like, and nay conprise a
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dielectric layer 211 and the underlying substrate 201
b an_quroprlate barrier layer 217. Simlarly, the 30
W%%‘P%{M*? ‘ation | ayer 220 nay conprise a di el e®CHA{2006/011695
dmmtmer trga%r;legt fo Q) BB P RYre ¢ P 5&%&5%{5@&% @Jerall GRS Hereby, a

Iel’ectric material and t E@ F
dictiogg éraeae@rqe&t njay iaipay 29tpe pEREe geged&fesr Ffatr’r*tlvmaf’ booEFidHES2S:
226 having a lateral dinmension in a width direction

280%3&:31\{\43{1553 Iﬂ-te Wialﬁrge s%%ﬂ@&' t&rrge%arl la%r ’?Q@Q@ﬂf éfﬂge%tlpgc ﬁ&ﬂ’i’i’eﬁ@t} reduce the

and even less In Sop hi st ?
oumber s gundgi #0Y 0, Proviesly et s Wiy dhe e iond B Pl@ﬁé ggt treatment 230

(Figure AhY i€ CérhiDidd 226 an \Wiithal héat trSitthat sainedbibyg e topein direction225, the overall

eﬁimen%pme{yq %{ulfgan%( l%l enhqa g%ﬁl&qup e?egédc QP& Egsﬁt%hl Bif Lgecrﬁ"e%ai 92:9 o lﬂ'fé basis of the

tre
directiopay &pag teatsy sesd WPz ooy e&g@@w przzrr!e SOy 8P R ghich may then
be imprGRE Gveh AR krikRAly. The seed | ayer 228 may be conprised
of copper or any other appropriate material that
pronotes the deposition of netal within the trenches
25@oriding 4o stinsglugursing erebiodipents dlivelivricigatmgeip japd/eyrfhe treatment within the

ambrenMB@@xﬁlﬁﬁ the Bkt BEEndnl ch\hﬁetdraﬂitg M€ 18 QgécimrmS ox{ Jﬂ@ba‘éi@ Gﬂthe metal layer 229

B0 MW TAE T e
excess radtad of tholeyee?Aoc Bér tldfermussret dnglctrodi@niidaleredeni m@esﬁ @@V on 8 clstriggimechanical
pohshm%rﬂcﬁi’%%c%ss%@ay %@%‘er&ﬁneﬁ & ﬁﬁgvckﬂye JXE@S 841l :00Mn0 BarBdr Uy& SO Bn horizontal

formation any ci rcui g 4 nts.in anqﬁ ¢
e g e GO 5B oo SPAT 108 GBS S B ER Isdven out o
the corrbsporidiag mictal 1meC Ofdkang mat this tianufibdriviB3t20 641k @5 BFBnent, the heat treatment may
be perffrgilz{i H)S%gv%g/ agg‘ %lga(tagestn?&pﬁo?&d%s %E {hgtn%gﬂ ﬁ§es 3&@’“&43 lenlg@l dlrtectmn 225 as is

ai n ormat 1 on of
descandsﬂmvehslsam&r tprrette Fare dfr H&fewaﬁ‘F é‘Ffrt Hfatmegt H@b*a?saeff%fawd within the
ambienf 135 @ﬁﬁx%@cﬁsly @l‘bﬂbl’é&hﬂhﬁﬁga&sx@f ofwdhthmidsits bhérsih @ bre-heating may also be
perfomtech 1o mam%u t}{éa i) srtratg %5)[0 %qcm ted d;g%/gr), %rﬁ eﬁmr%ﬁghoﬂ%/ efre directional heat
i’n-on 't gques
trealim’ﬂtﬁhotol|thography and et ch technlques to formthe
trenches 226 in the dielectric | ayer 221. As

! etl\jl ?EF é&%@{é{élgtwvngﬁl? fﬂll!%ql\é zg 11{rt]cp Ehee gnesg or a#gl e formanon of the
metal htlers é?-ﬂ; héeit 2@Bndnongyey ppxﬁmmhiemrréwéltﬂteu @a@q @ﬁ iy @ay:érd 10 $@ vegupm ambient
235 for%%?&h’@ﬁ] i@ Lry)d Qﬁf i@ltﬂeﬁ lzxp%&d &AL Rd&“@eﬂhbteﬂl vﬂmgintaﬁ@op’n@t@ @hshixture as

di rection i nst ance l.1 nes
specifiedgfpve, 058%61’,!3%%1*‘? Bt f B QPGP ot PTEAVEE Sy ronment
including he leght LECHdpONith2R vaciiint @bigpallSemd ia fgtheheepdivit cducing ambient may be
combmf!dé‘?/ﬁrr d%gch ai %e E&%{u{g o Elsd &yc?iﬁed%%gvew rQ&eJcQ{ormreQY&If and Frgure 2a,

est ab sputt deposi ti on techni ques,
whereas) g ppr e@é%@ﬁrﬂt% %Woe%tm)ng S CaHir i HiEn 1 KoV HSt ‘éé?’t%“r‘““ty due toan
enhancell B@ity SRiRdndtaRyes is 2aSidamsutiigiedtor med by, for instance,
sputter deposition or electroless plating and the
like. In one 10 particular enbodi nent, a copper-based
rater axbodimsish e dislosad w2 Hsmaythe cowried of pdow-b paterial, such s SICOH,

MSQ, rkhesieabidhe th hﬂuoﬁ%br&@ly 200iteRpedied ﬁébbixﬁﬁls&dﬂﬁy@ﬂ& fhigaton compared
cat.

to well-?qu)g?dﬁ%?cmf% éuc-:l'l §s Blgclpfr g¥ﬁée gﬁonne«gcg)eél s111con %ngcﬁ sﬂwon mtrrde and the like,
By heatdeslivg ity euttahditel 22% the diglectdc tager RR honmealso| bg-trpaigd, af IPﬁS’o*F rﬂervwmlty of the

metal MRS, 1f AR w)C@L nbdhERbLMBRacteRBosR¥D Q@th@ﬁirﬁ&gswﬁlﬁiy bimproved, as the

heat at | east the seed |ayer 228 in a
sy GRpp By ddARGRY S S SRrLR Y AOHETRE 3 b T

some eri®dingnte @b tréabe@dt vl thedieledrer iayec 821t masFbgpurfosnel ea bibstanthally @l exposed
surface ﬁo@%@cﬂ% @E{’]& g la%}%z %&E%r%cﬁ%%é g‘?)&ntlag ?05 1mp|r'!ﬁrﬂ1§ &he opéfall stability of a

eat treatnent a crystalline

metallizaf{op ler §ipe leﬁudtnﬁéwv's‘e%ﬂ%rﬁy’ér“ 8 may be nodified to

reduce the nunber of grain boundaries by providing an

enhanced crystalline structure for the subsequent

el ect rochem cal dep03|t|oﬂ of the bulk netal. The heat

treatment 230 may be performed in a substantially

inert anbient or a reducing anbient so as to

effectively suppress corrosion and discol orati on of
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Iayer above the netallization |layer 220. The netal 229
K conpri sed of copper and/or copper allqg %
WO A (lfﬁ'd?zr‘fg conponents such as gold, nickel, p&FI&SPYRHO1169S
and the like. The netal 229 may be formed by 25
ATy Pt 3l TN A By oV aT - BRNP 1 P g U e 15, B
creating Io@lich @ti@26neyehnt arbsamehileng dg lenDhb dirgstont Be md:em@*s‘iietamerrﬁdlatwn beam,
the abs&lﬁt%ﬁ &P Whiclf %ttﬂ@\ﬂﬂ@a teﬁicfeﬁbytoh Beaf %mr%ay %@;ﬁﬁ‘d & Rh bfaracteristics such as

uppr essors, exin th I|ke
waveleqefl R R FROE fric. HECAITE2 3 SR80 % 3 c i pr oy et in
moderatetyeughe'éﬂ_le@ﬁxﬁ@rmﬁeleaf titel'eby redicinly theXP@iedeyr qfn:garg)p@pﬁm feom t@cf beam to the
metal. tTHE g%ty hd 1ﬁu%8t8/e g%ﬁt}éi ent's N, {af %aﬂsl‘et Hsd LAl by SnRaBacH 5ee Eweotmnal heat

e g e o e TS el e L
energy MepGitidA W iR the Myer 2B&etly propidingrot sebapeetl hgasmbiago BOurdkrlying metal.

contam nants contained in the nmetal |ayer 229.

Mor eover, in sone enbodinents, the heat treatnent in

t Fieare mtshasmticallBghory fip devis S fistithe ghoxr dasoriBrderpigRos i geomoving excess
matenaﬁéfhl&tiiﬁlt 29 3%@%&1’1@&%&& dria@eht tregpeingt 2a6e Thohe@tnagfe &uyer 236 may be

compm%a(i‘ aln ilpﬁ) op?eﬂ Xmiec?nc V% equb uc%qagg aol)fnt;é? %&te il ?rﬁttl{g%ﬂé h{v‘ﬂ% Baractenstms 50

RS e o
as to alstprbp sxg:sﬁcautrremsmbfﬁhem B720kich indsyictrd thegpteaidestiys gone 238, which is locally

rcstnctédqmg [eAg i 1R8] BY ibhie tBkGRperb@RAEAS the eraﬁvﬁié planeh® a’tgure 2¢, while in

o e GRS RS )R B S PR B e
comprifeth ef gdesetteat pirgecficd veskngin the ﬂwkmthnﬂ tho gtinption 5oefﬁcient of the heat transfer
layer 23%' ntia? %Qgel'sﬂr%%eg Ly asttg%iﬁ&ﬂwbxgﬂ fGred HadStbr ibARE pive Edaﬁtraﬁé'fer layer 236 may be

vacuum arnbj ent VIC 200 ect
formed . g PR SRR TORAhy PR PT DB BT e e
like. MRNGS fahong, thé el eagidat 6 the basis of 12263m AY may &l wdormed to modify the
crystallﬁ:ﬁ%ﬂc!uge qol)g‘ rEJ(]aI 'ilge% Fﬁ@ﬁt In ttlfar grﬁbg%grlﬁs Iv&erl }(eat it BarSOR®R ¥ a heat transfer

I rectiona eat treatpeE Ry o b
mediung @s Héie#cé‘i’eﬁ‘é’d‘hafﬁfﬁfé?"eéo Blgire A6 e PEiSORCT BF Drfbtrgpiey @yer 256 may also be
advantdebdud @0 ththia tdhest lcbidRS ofl A2 hedt Nrafisktr SncdBMewitit the rietal lines 222 is prevented

i Nt errupt.e e i
conf ST Pk VB, U A B g8y b s it
adversejendfeqtinpbelmetldines 22T her eafter, the fill process may be
resuned. 40 Thus t he crystallinity of the netal in

BRI, 5 BB, v
be accmlﬂhai‘hmametpsrogm@e 4né welhtstehicsbed. techmque g aémicl?@hp% plasma etching and

the like uﬁbﬂg\%r}m& nk& rtff@x@in@@a? of thé 1&’2\9&%@@54&@&&5&3@ Ohe ambient 235 representmg a sub-
2006/ 011695 _ di rectiaon eat treat nent y 0
atmosphyslp FRFRELH R R BHESS P A SO (LR o g] Ay pomaminats
may haed HebiCih@Royated Haing It elearocidinicalctbiositial anterrduriter teeafburefign apggpmoval of the
heat trag{fer ﬂﬁeyr 288 tTéQﬁ%af@xe gsgﬁg@%oh fﬁgxﬁg Lh@ﬁxﬁﬂné/nt %Stn@aﬁl bgﬁgﬂ?ﬂie%ttd Bélude a reducing

see . Consequently, the crystalline
atfﬂosphqf‘rfatﬁ"@}eée“é?nc’t“h%‘e ﬁ‘é‘t%‘rf the gl inovB 2y ef ficiently be
nmodi fied to reduce the 5 nunmber of grain boundaries

23 S f o resgl 310 rer:s%r\lltlxr?vl‘clrsltl né)n v%gss%%%’\ﬁué"ﬁﬁﬁen%@% e ﬁo%eg Ul? loy réletat lines of

trea IS CO
inreased distras pa@fdmmc@ eleectyisies st (hvevetal ScRipired i M@}Mteﬁ guiy andlor the

crystalllnﬁf‘gitthe thEIQEEb&fhdzaﬁe mbchﬁhaﬁﬁﬁ&if ale leryst@ififilyGha§ e Yerfohyed on the basis of a

heat treat@glg &gy E‘Bﬁ th8¥1 ﬁéc{%nif E@fcéél 90%?% Qrgem%he%gctal;yq%%ﬂgﬂogeals scanned along
a lengtiddiregion bhthamétst hhemredtureei@trsmb@ elbaiaih bopedarigsdgthisglijeckipy: daqagpver, the heat

treatmeﬂtr No AN ST Nl Q%@Qar&é&’a‘i&n@ kike 'Ie'ﬂgh &Ye@ﬁ&tn% @ﬁfecWélyQ)B ccmianed with a heat
npr.ove even Accor

“eatmef“d“ Bf‘ll?gfmqsﬂ’he’ih%%“?béﬁl ?/é“%"r?bad‘g’l‘eﬁ% i‘%fe?‘?% aﬁ‘%‘%‘g "FHEAHE °“rt] ssing of any
230 and/or the treatnment within the anbient 235
and/ or the heat treatnent §canned al ong the length
direction 225 on the basis of the netal | ayer 229 may
be omtted, and the substrate 200 as shown in Figure
2b may be subjected to a process for renoving any
excess nmetal of the |ayer 229. For this purpose, an
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15

surfaces of the layer 220. Thereafter, the anbient 235
y establ i shed and contam nants may be driven
Wt O(ft"fFéz‘bor respondi ng netal |ines. Moreover, P&T/l{ﬁ;pgﬁfﬂll(b

conlamﬂi@tﬂi‘tvﬁﬁﬁ 4K inBigl- 1@5@9@ parﬁoﬁlaﬂéi&o&ﬂib&ﬁ b FRAkm axhllﬂ&lt heabe established during a

nmed 1o se L]
first ph?sg S?E}{r@f ggng%eru& e?ng A reeducfmgtzh 1ent r{xaglsb %&ﬁ)eél{eé‘ na se&%ﬁ‘ﬁnal phase of the heat
treatmelig redseriin cthis dicet jtiorima@p Bnclyding gt leae dleepq b@dawe@w Ws‘?eyP‘%PWd without 2

dtrectmﬁﬁfzgtfe%ﬁﬁg BIQH&E(”:Q léﬁr@oemeh Grith h WirechiltBRYe hehdiR. He@by, the zone heating may be
perforrrteg, %Il%tl Qagﬁ@% %yl?ep}/aaw %rglfl?%%%iﬁﬁ esg EFshecp an%/%? a? least p§[%ally, with the

reducing @mbignti baiam tsszblishive r s mcoasepmgceht@gteﬁxﬁgxcmmaq alegtrygnd stress migration and
other stpegi‘ oY maccTely Mol %&p@ﬁﬁbﬁp%ﬁﬁleﬁyiﬂ%&aﬂl&s g@}b@ﬂnp@v&ipﬁ%l‘fyl A8 increasing

ed t era out the entire directiona
the rel“ﬁ’éﬁ’f %S‘f'?’%oﬁg‘%ﬁtm “ﬁﬁg @ftf‘l[‘?a“%'t Y& embodi nent's, duri ng
the filling in of metal into the lines 222 or after

t Jﬁfe Jag%mtehgﬁngefnts hﬁﬁose@%o@r@ﬂﬂuétrﬁm dnt %Zag the vBRBA may be modified and

treatment may be performed, in whic edew%F ifoﬁ i
practiogdyi¢Eesent P Ml AR BRTET ose SR "5l ibf peggftt of the teachings
herein, t Fofexap@le] thcipradagh steps dehforth shepossthetperf@amedeidl W cliffegntamder. efrthermore, no
limitati sta{l ghd%ﬂﬁ L Qgtixéélhiecm%@&qngﬂ &tdgsﬁ%% h&%in sﬁ‘oqﬁlcﬁtﬁe} Elgn a@ka&&ﬁ)e& {1 the claims

er enhance I nes 222.
below. dhithersiprrcaidens aidhe Hﬂﬁ’éul"ﬁéﬂ Odtmeéﬁtdﬁié?fed aboyrapaydr areder modified and l
such vzlrn@tﬂﬁﬁ 210 RGnsigér&Pwindid e (b Asacpitaf artanemion.2 3Abcoddidlyathe protection sought
a reduci ng anbi ent may be conbi ned
‘zone heating as al so descri bed
above with reference to Figures |a-1f and Figure 2a,
30 whereas, in other enbodi nents, the zone heating nay
be omtted, when the inprovenent in conductivity due
to an enhanced purity of the nmetal lines is
consi dered sufficient. In other enbodi nents, the
di el ectric layer 221 may be conprised of a | owk
material, such as SiCOH, MSQ HSQ SiLK and the |ike,
whi ch i nherently exhibits a reduced nechanica
stability after formation conpared 35 to
wel | - approved dielectrics, such as silicon dioxide,
fluorine-doped silicon dioxide, silicon nitride and
the like. By heat-treating the netal |ines 222, the
dielectric layer 221 may al so be treated, at least in
the vicinity of the netal lines 222. In this way, the
mechani cal characteristics, such as the hardness, may
be i nmproved, as the hardness of sone lowk nmaterials
may significantly increase upon treatnent with, for
instance, a laser beam In sone enbodi nents, the
treatment of the dielectric layer 221 may be perforned
on substantially all exposed 40 surface portions of
the dielectric |layer 221, thereby providing the
potential for inproving the overall stability of a
nmetal i zation |ayer stack including lowk dielectric
materials. 13 WO 2006/ 105320 PCT/ US2006/ 011695 As
previously explained with reference to Figures Ic-1Ie,
t he heating source, such as the source 151, for
creating localized heating zones that are scanned
along the length direction 225 may provi de an
irradi ati on beam the absorption of which and thus
whose efficiency of heat transfer may depend on beam
characteristics such as 5 wavel ength, particle energy
and the like. For exanple, the wavel ength of a |aser
source may result in a noderately high reflectivity
on netal, thereby reducing the efficiency of energy
transfer fromthe beamto the netal. Thus, in sone
illustrative enbodi nents, g.heat transfer Iayer may be
formed prior to the dlrectlonal heat treatnent,
wherein the characteristics of the heat transfer | ayer
are selected so as to allow a noderately high energy
deposition within the layer, thereby providing an

herein is astsﬁtr}%rth R Ehg @fumggeq



Figure 2c schematically shows the device 200 after the
above- descri bed sequence for renoving excess naterial
of the layer 229 and after the formation of a heat
transfer |ayer 236. The heat transfer |ayer 236 may be
conprised of any appropriate dielectric material, such
as a polyner material and the |ike, having
characteristics so as to absorb a significant portion
ClgfM&: beam 237, which is designed to create a heating
zone 238, which is locally 15 restricted in the |length
dlrectlon 225, i.e., the direction perpendicular to
t he ldr amﬁﬁ@etm%ﬁememsm gure 2c, while in the lateral

dir aﬁrtmr@na R8h nrfehﬁe a@%@édtrﬁ&a?é?%?a %%%nﬂi@b(orﬁ@?é} pyer a
en the beam 237 is

S‘*@&ﬁﬁ?‘f%‘tﬁy eg*f:e éalddgetﬁl ’6‘82‘-‘%1969'”@ gloep pileptinavetian il t he

t hi @kmmgemnbatt freateneht f(b&lamalte@rﬁ)%fafturéloeme Rdtatife a%%tsald
ned so as to abso

e g e SR aDR e nerantt Pt oty ReRbos pabe Ere tha
is $edgobad %Satmyrgeetenfgermd af B haﬁteg bdiaine ef Wetnliert]al line is reached in
chnLg ch as PECVD

2 B P ol R o B B el T e eSS e et
lind.ormati on, the heat treatnent on the basis of the beam

237 may be performed to nodify the crystalline

structure of the netal |ines 222. In other

embddi nehsmelige af tlaiat 1.ivdetaimfshogseid meétal liae leemprises forming
a tlteﬁémﬁafsﬁrd dl&@tﬁﬂié‘i%eraa?’ld'ﬂﬁmgg ‘ar’fr‘en with Ll Rt a?r ence to

Fi gure , the provision o eat transter |ayer
236 nay aIso be advantageous |n that a direct contact

Of the heaimbémaasf &&n@q}hﬂf'@lﬁ/‘étt@astt Q%o%ﬁ Ak ?é ﬁﬂ%%ai tlied in

event ed Consequent |y, ['ura
oy b7 SlRE TSIl dRROSGRT FRORBOA e ervent Satairard oapersaicmgte
lindbendusiesleinishitl tiabt tre%@n@:ﬂi\@ﬁé?rﬁirry’te@fmf i1Gb FMbiries B Rkss metal.
lines 222. Figure 2d schematically shows the device
200 after the renoval of the heat transfer |ayer 236,

whi €h nelhe rhethad ofosigiini 25 hadrdiyfilaidyin 3pR rnﬁHﬁéi'c@ﬁ@rt%&djeposmng
i c etching

ot AR LAl L5 Ao B B2 380 DR S Bt
exqeesmnemt deﬁosttécédmmgtsakiredmﬁrbdfenhleal eepdifon gréisesaabd ®@Akrein
t nbi t

S A e e e RS PR e he

out - gassi ng of any contam nants that nay have been

o A FLE A, S SRRl ponees
directingha fospliv fa%?ate@ Beam Phatrleast pee of radiatiemandarertoaisnante s first
porﬁd?\eof%ma' rRdthl I@@%n@@béaﬁﬁ‘g Métfvb %tlBR ﬁb%@Hqgld%c{aﬁfﬁe‘é ridfbd

nnsg ere for further enhancing

beaﬁb’f"?ﬂ 3 Rell W'O"%S%feagthegwpn t@ tﬁi‘@d@#&e@, emonpl ROEION| on

adjgveaviodanl fisstpegidpl que that enabl es the formation of
metal lines of increased electrical performance
characteristics in that the netal is provided with

enf&anced’hpuﬁatﬂigd cﬁ@da/rﬁTS Wh@rem@fa}tﬁrb&lt:bé mitioh 8% duB§aA®liR!
ied. The nod ation o he crystallinity may

confoTR AP Ele S TE S 457 Snron rashons pLibe g speet, 2 sho
sizel af thauldcallg rdzshmactétblaéamﬂ gndfanavéai a'lténslty esthé Ilda:tawjreét@iﬁl%d beam

te zone pocanne | gn a
are HIEEEN o B e ¥iRlantor PRAO Gy F¥Mforscioi P ehbadef Ate e tar
is sﬂmt@éso thiat e ddrgetiempeatiresf tha hedmas paitiveot themetal line is

Moreover, the heat 40 treatnment wth |ocalized heating
zones scanned along the length direction may
effectively be conmbined wi{f a heat treatnment in a
sub- at nospheri c anbi ent, a vacuum anbi ent and a
reduci ng anbient to pronote out-gassing of any 14 WO
2006/ 105320 PCT/ US2006/ 011695 contam nants within the
netal lines. It particular enbodi nents, a vacuum

anbi ent may be established during a first phase of
the heat treatnment and a reducing anbi ent may be



5 perforned, at least partially, with the vacuum
anbi ent bei ng established and/or, at |east partially,
with the reducing anbient being established. As a
consequence, the resistance against electro and stress
mgration and other stress-induced materia
transportati on phenonena in netal |ines may be
i nproved, thereby also increasing the reliability of
reaghed BondrPOBiIbestima dlterdalibatiestairter that thertinheagaatesior Héat Fhssport
in Paidigyh@r enbodi nents discl osed above are
iIlustrative only, as the invention may be nodified
and practiced in different but equival ent manners
appar ent TROmeihes éguH 5 %e‘ré?n the Io%éﬁy Baviid bregrﬁ comprises a
benefit of the teachings herein. For exanp £he
lasgy s steps set forth above may be perforned in a
different order. Furthernore, no limtations are
i ntended_to the details of construction or design
her & n shH&WREE REFIAIPH2, forier GuaeisnGearTing £ Reaidianpieslayer
abdvel it métal Hne pfrlbletbefr@l‘,ﬁgeééidj@diﬁlfy tdalictdd eaRPth G4iH Afetal line.
enbodi ments di scl osed above may be altered or nodified
and all 15 such variations are considered within the
scope arnthespethod obflait e fiirthee sérhmisingAemoviag 8gk Yeatlth@sfer

t. hereinis as set forth in the
Iay@%?&é%ﬂ]@ t%%ld%enéLAl M5: 1. A nmethod, conprising:

formng a nmetal line in a dielectric layer of a
I f '
TR | ANy SneRETLASAA Y R o R o

sulpRifmpephfra gmiiantand @ w@@wnemble:ei txaémg owafte nerecingsaid ndat

trarfsRe 147RF Rl prbhB@ t-QRki f@o}\tgﬁl%htsqh SR EltlI%] a tinely
sequential manner “suchi that energy Is deposited at a
rate that is selected so that a target tenperature of

a hﬂat edl'l*i@@ﬁéth&:l‘o@flan%hlefd?@n%@&onhdr@ﬁaﬁor s‘?rﬂ_f m'e{él 1Iir%to one

osition tinme interval that is s
of sx Bragnp CRe AT PEPLARGRYICUH FPRESTHH BIoMOf o1 Gassingvie
conmtingds Pfsakf r@etd the. Wwherein formng said netal 1ine
conprises formng a trench in said dielectric |ayer
and filling said trench with said netal. 3. The nethod

of 12 ai mha, matﬂit&f@‘ldnanaltﬁl ﬁﬁérbln%amféat @ébtﬁ»fenﬁ@b&fmalwhne
an, e ec
said Bl b TEetitent o B O T A P he s BB ek s

ambignte and wherein said heat treatnent is perforned

prior to renoving said excess netal. 4. The nethod of

claim2, wherein filling in said netal conprises

depi@si t iThg metiod Qf&ﬁ'mﬂpbrtttérmompfisis@'exbamtgalaldbyetahine to a
R A e TR i e B S E R BB B Pan
vacyépasittenbn process and wherein said heat treatment is

performed after renoving said excess netal. 5. The

met hod of claim 1, wherein performng said heat

t r d4t meAhe eiind o slaim 4 verieinigidhgabireatingniies serarmed thy

d:re&ﬁ@fﬁ [fat Rindf@anddi@A®h lochiBobatitRl nitRfed b pheisn 8L a

tl|rst portion of said netal |ine and creating a
metaldipgt i ve notion between said locally restricted beam
and said netal line along said length direction to

|rr di a eco0 (e! ent to said first
por i ontl'ﬁe mefchod o? cla }1 whereln S lg%eat transfer medium comprises a
heated inert gas.
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6. The method of claim5, wherein said relative notion
is a substantially continuous notion at a scan speed,
and wherein at |east one of the scan speed, a spot
size of the locally restricted beam and an overal
intensity of the locally restricted beam are adjusted
so that the energy of the locally restricted beamis
deposited at a rate that is selected so that the
target tenperature of the heated portion of the netal

linggis #Re efoRSHcIbim 4, %@Qﬁﬂ §a¥@ﬂee¥1 'ttgﬁsfbp%gtﬁl}ﬂ%l comﬁges a

is shorter than the tinme scale ranspor
vaRg; bayiag §I°°P<|"Gﬁ’éat'°7' terRerafuse H@Hamowaﬁem @rrew\mderfma meﬂ

tenhgf@lite)of s@athebCfREmdgam conprises a | aser beam 8.
The method of claim5, further conprising formng a

heat transfer |ayer above said netal line prior to

d| recti nghésrabﬂi\oﬂ of@hihy1, nletdin 64i@ dedt@RENNUH: BorpBilickspR-al
claim8, further conprising

“e’f}*’@ﬁ&éidﬁaeté'dﬁna aﬁ@%@&%f‘%?a* d e fneshaie e oet
tempeeattio heat BAid ridtel limetahod safd |@¢g@n méa;n%mfawu@l saur?etatg@t
to one of a sub-atnospheric
tenﬁﬁgﬁt'hg‘%@e&s\%gﬂﬁﬁﬂg%? ®nt before or after renoving
said heat transfer layer to prormte out - gassi ng of
contam (S The net hod of .
cl i 1, T PetB ST o fd Ty Tt s fhef pogeprises
formipg @riged dﬁyeaorswﬁeaewgmh:btremh ant elentrochechically depositing one or

mo%'mbt%&t 1 QL R4, OUt - gassi ng of contami nants in
sai d msc%na ’Cp%ne 3%2 The nmethod of claim 11, wherein

said heat treatnment is perfornmed while said netal

lingmis i f '
1051 UL 08l A ST o

firstlhpatlpg@l PRORBSS fe@mmgsp HRIMRSHYE Aepodthe tengiit diteclinef saig reetal

linel @ﬂ@ﬂtsﬂﬁeaﬁ:ﬂ@pﬁﬁbsﬂﬁéu@d p&fb@:ﬁééﬂ bfertfOmniRy %l@g@eoqueﬁ‘ and or to
c. anbi ent and vacuum anbi ent . ‘IQF

CO"ﬁoz?tﬁiB&ieB‘?spt&gaﬁafﬂ one W%m‘?t%%l d heat treatnent i s
performed by directing a heat transfer nediumin a
ly restrijc er onto a portion of said
ot 1B TS S AR OB Sete YoRMGRRABIRGISeHF gecond
heahe@prct:emﬁahemg aeghpematcegnigBes ledgthhupatesh df @@iﬂtmﬁﬁf’ﬂne 1s4id
t eat. transfer
secdfedifia BRice St borBilbe S PR S EnBEapigigne oF more
mefasnper at ure that approxi mately corresponds to a target
tenperature of said heat treatnent.
21. The method of claim 19, wherein said heat treatment comprises a second
heating process after the deposition of the one or more metals, said second heating
process being performed with a substantially uniform temperature along the length

direction.
22. The method of claim 19, wherein said first heating process comprises
scanning a locally restricted beam spot of a beam of at least one of radiation and

particles along the length direction.

23. The method of claim 22, wherein said beam comprises a laser beam.
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17. The nethod of claim 1, wherein said heat treatnent

conprises pre- heating said netal |ine and |ocally
heating said netal |ine above a specified target
tenperature to heat said netal line along said | ength

direction above said target tenperature in a tinely

sequential manner. 18. The nethod of claim2, wherein
formng said netal |ine further conprises formng a

seed | ayer on surfaces of said trench and

el eglr oCReRatcS. Icgmggsq,%:rti ng one or nore netals on
sai d seed | ayer e nmethod of claim 18, wherein

sai PR ff‘?féh'tf\?éfhﬁ distryia laxes femer eleve asukgsiratetcomprising

seRahditebrRe@eess for varying a tenperature along the
drrectron of said netal line, said first

| engt
heagia MR RS BRIMEEt IS Pedly Rerysigliingrstrugurg A gaislanefal line
sucretddt draygrof &ﬁsﬁhd@rt tr@trieBt is GepRYitel e ¥ ra‘?@@@ﬁr's tsbﬁgteﬁ 3bthat a

or nore a 20. The nethod of claim1l
tar ki BherEls o AR Rt e BBRLedSteagn e fgnositon time
intéreatttnat@ :moderemsn W aimgl segledort FapRErRHUR & 1Ak aRgal tike ahgngt h
[ sec{igd heati n

dir ai

or o855 s el g BvadihBEamERtiip abEq tarcs
corﬁemtmaohaew garid metaélmerret als. 21. The method of claim 19,

wherein said heat treatnent conprises a second

heati ng process after the deposition of the one or

mor 5. et Hiesnetbad df daivoid furthat cargorrsplgmxesssng)mmgretai line to a

redB@iFuB ap R éMetr 'ax;ﬁos%bb%tsarerda%wg fmrﬁpr m t enper at ur e

al ong the [engt ection € nethod of claim
19, wherein said first heating process conprises

scapgli NOTR: hehad bicisifsid Wﬁgr%% LEAM R ’H‘Q&trr%@r (gongﬁggg Qheatrng

at least one of radiation and particles a
PrOFRTRASEIReT ctanom temrpratyeeaalong higaotb direstion ef said metes fieg in a

timéi’sllsdqtbsﬂﬁénnﬁ?a?ﬁw u§r@gsre?atrl./élﬁ1%ﬁorb@fa§rheat 38uréd andhaBE G ne at a
| Si a nmetal line in a dielectric |ayer
Scaf‘&PnE%% aaﬁg@sreg’ et o 6 (BB Af WPeRY HSPOL BIAP eRahestspurcs,
andi@vowesll ipendigraftietheat Saate ér’é%}ﬁ%ﬂtsott@at'ﬂﬁl.déﬁe‘x‘%@of the heat
suc

stal lin tr
souf (a8 §E0s ST LS RS P amlerBeo v iaue! Bavatoiue cate hoated
portidreef thesmstal et ie ceawbed mad depositian gak iftepakatdsRrief than the

t.mgggaqeeg{ R&L L/ ﬁgrhggtfmiﬂ{b f,ar} hI ine is reached in a

deposition is shorter than a tine
scale for heat transport in the netal |ine; and

expp,ei ng’hé%éih 5f§:|Ia|AwaQewF18r s\éPdCrH%Hf Iﬁrﬁm %fraecir@[ @fming a

pronot e out-gassin cohnt'am nan
trench fiesaipdieletiie layet ﬁwfilhrfg igloaé v dre rhetrishiesaid oamoh. si ng
exposing said netal line to a reducing anbient after

exposure to said vacuum anbi ent .
28. The method of claim 25, wherein said heat treatment is performed at least

in part while said metal line is exposed to at least one of said vacuum ambient and said

reducing ambient.
29. The method of claim 28, wherein said heat treatment comprises a heating

process designed to vary a temperature along a length direction of said metal fine in a

timely sequential manner.
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26. The nethod of claim 24, wherein said heat

treatnment conprises a heating process designed to

vary a tenperature along a length direction of said

metal line in a tinmely sequential manner using

relative notion of a heat source and the netal |ine at

a scan speed, and wherein at |east one of the scan

speed, a spot size of the heat source, and an overal

i nt 8Asi t yhemethed ohelaim 2D uvheceimsaid heljting peatesoistprafornbduewhile
sa@Mdtain@ls &G PR ie?%e’cfn%eof LSid JERRR 45 er?ttanéfsraﬁ]rgdﬁot@

i's selected so that target tenperature o

ampigfted portion of the metal line is reached in a
deposition time interval that is shorter than the
ti scale for heat transport in the netal |ine. 27.

The 3het hbe BFtNOF &f fpiou29, fideeramiiing femtiag a hpadrangfer layer
pribrab Medlorind lidThéiing prdcech in said dielectric |ayer
and filling in one or nore netals in said trench. 28.
The method of claim25, wherein said heat treatnent is
per 82r nethaietheast claim3 Pairthenbdrhi®ishairemBBh@baitl hast thahsfer

sed to_at |east one of said vacuym anbient and .
g S bafier&RBe RYS oo N R HARe B 2 pcufiggembient.
wherein said heat treatnent conprises a heating
process designed to vary a tenperature along a |l ength

direction of said netal line in a tinmely sequentia
manner. 19 30. The nmethod of claim 29, wherein said
heating process is perforned while said netal line is

exposed to at | east one of said vacuum anbi ent and
said reducing anbient. 31. The nethod of claim 29,
further conprising formng a heat transfer |ayer
prior to performng said heating process. 32. The

met hod of claim 31, further conprising renoving said
heat transfer |ayer after said heating process while
exposing said netal l[ine to said vacuum anbient. 20
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