10

15

20

25

30

35

40

HEAT TREATMENT FOR FORM NG | NTERCONNECT STRUCTURES
W TH REDUCED ELECTRO AND STRESS M GRATI ON AND/ OR
WOREBL/STI3%Y BACKGROUND OF THE | NVENTI ON 1. TECHMTIBE2006/011695
- FIELD Cenerally, the present invention relates to the
HEAT TRHAFHEY O HOBfFORMEFO SHTERAOHNBST STRWITURES AdFARMPYCED ELECTRO AND
STRES$ MIERP BRONAAER /OB URRSISTEAW, nore particularly, to the
formati on of conductive structures, such as netal

lines in netallization |layers of integrated circuits.
2. BACKGROUND AREA Nyoder n

1. MrecANIcAIC I ®S, such as integrated circuits, there is
ng%gh%f%orﬁlflessenglrnk/éﬁgo rglatgsttgﬂlq f&r)ﬁat{oﬁqy Srog %mieg@&cll‘lragadvanced integrated

tructure elenents, ere enhanci ng
circuitst b, fugne eitionrally] totheprariensel cendugiive atrté‘%*res Fsb‘ih 3 r%efaéhtaé in metallization
layers dffhrdgREl@kiultddt €grated circuits, mnimum feature sizes,
such as the channel length of field effect
transistors, have reached the deep sub-micron range,

2. th ng performance of these circuits in

t &f {1B r-BficadRER %oaé?ﬁj QFosRRMRE, sGAANS mEaEeQ ercuﬁéi tﬁehﬁs S kdfinuous drive to
of I ndividual circuidt el ement s

steadll)h &speei tlh% lE’L?afureg @Ffé roétr?ugﬁstru%uﬁ% re%ﬁyntﬁ I{%e e e anchgo [1(¥na11ty of these
structn@¥ aFep Intanct, e medeit isthdratgl cgpete chigfum ifmtutersgpﬁs $uch grthe channel length of field
effect rFJngggrgt ve Irezl?:ﬁedqrf cl.lele}amb @mér!)rpﬁﬁgesﬁ@@c% 1£&Ja51h€§&£6§rﬁm3%$ khese circuits in

I nes ec rca connect | ng (YA &:
s SRR P B BRI A e BEHORHLTEV] S e it ey v
circuit @élﬁﬁﬂﬁﬂ, HBSbyGifnpiokiag doriertndleC A meiching brrekofhizvtentiser lslements, the available
floor sgace L}‘f(): e%xfe%cg?nl%cg MREN agcnr%algro%n?ec{ r%dtlﬂg %an@cﬂﬁu&tculp Elements is also decreased.

oor space an increased nunber of

Consequirntiyy the dimpnsiesif ghessrimerrogesgt [pey haymip e fiieedyie SmMPeRRE for @ reduced amount
of aval[aﬁg WeQApAet ARForS8 GicteQBBhundErad cibduit Elblﬁenltslﬁcefi&d)pnﬁ enit die area. The reduced
Cross- Sg(itlglfﬁ? geg 86\&9 1r(1:t%/)rﬁosnﬂec? ?rqgs) 'np%‘?%;b'l 02 ér/xlénﬁ?gxrltﬁ)g \i/l{ﬂCJ dﬁé&sé’ Bf {hg Static power
consuniptigm sff gtrmel;ez’,cglppbmqngstormem@q@y [RsIuize zppluqalgy |of Vacqu metallization layers to
meet t&g«%ﬁifﬁﬂimgﬁltv@elwl Jr g kBRI chrd}eit) @B H¥RRtal ke requirenments

inview of a tolerable current density in the netal

| ines. Advanced integrated circuits, including

t raanmtatinegraddeieuis,Sndnding mensatoc elerhdnt allavircﬁ eitisdl dimepsfion of 0.13 pm and

even lgss maynm)wegq' Séfu%@ s fificantl Xreasgpc\!%@r\&ﬁ rdens[u@sq{ﬁ' th&€ 1nd1v1dua1 interconnect lines
g al'ﬁ | nc eased current _densities in

despit Welpidombt § TG BORE AT Alegetfisfin lyeshevipy (RS s mumber of
circuit aleﬁlﬁlt@ef Vg laa. | @fe@lﬁngl’thldﬂit%orﬁéct niet alelevazed ureent deasjties, bowever, may entail a
plurahBeoIf p%hl]elPs 18?115% fc'o s%r;sls-];nldcc% mencﬁ n?cﬁ%o é?}é‘%ln‘%%%nt" l}glleﬁ% Q%Jr%mature failure of
the intesratedatrad. ©ut premineng gl}ngntep@gn this gigsesgip t the ﬁgvntépﬁugﬁdmagnal transportation in

metal ﬁﬂey ra@!) keterre@ fo B r‘@&{r&ﬁﬁaﬁoﬁ b ahed nfaSD leSd fo&l&&‘oﬂrﬂﬁdﬂh&ﬁ gloills wiehin and hillocks
gra ation,

next tor tg? Wﬁf?lémﬁfﬂlefeh%ref‘ﬁtfné éx}. Siiuéﬁin Ceff?r}élan and 11abff‘1}yp or c&@ tlf:Ltle fgllure of the device.
For in{idne) einmeinen lines embﬁdécdnr@(sp]@gn dipxgdet dn,@(or(,sgchmgntpdq amjfmgg@tly used as metal for

metalligﬁf:og Takléé vfhgréﬂ SRl iaﬁ&& QJGV&i %vﬁ%&cﬁhteérht%cm@ |h§@ngrcﬁf1(ﬁf difhsions of 0.13
él ect rom %gatl on," which

ad
um orfle@% PR ER ALY RN PO R Y l?? , P“ef 6“dt fg, increased current
dens1t1@3 t)vﬁllch lnh}nl%ndef hehiehy less@subiive g the Hormaibu © Edletiibrafiorlagmncdye to significant
lectn treltl ab| ity or conplete failure of the device. For
elec ofl’r‘\g:{‘i'g%é al um num | i nes enbedded into silicon dioxide
and/or silicon nitride are frequently used as netal

f %on&&&eﬁ'thj h1g bR 5 1l1<§‘éé§ﬁg3y bél‘zﬁ&ﬁpﬂ?dcéﬂ byABpRK ﬁhlah aabitab gyeficantly lower
remstlgqy\égq.]ngﬁleugﬁl arglt <?efdl_ %SW%C%? uelllectrormaairgtgog gffec[s a¥ fné ér current densities as compared

to alwsiingmi Thedatrokhojion efcbugpecinte thygaprigation Pfomapsﬁmt@eﬁsanéiﬂtqgﬂ@d circuits creates a
plurah%c}f @%;/elje p%@§m§‘ﬁ‘t@; 1t0 I:A}BH&“ s chadeleBiS @Frefutly HiBNe it QRh tioR8e and a plurality of
may render alum numless attractive for the

formation of metallization |ayers, due to significant
1
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el ectrom gration effects. Consequently, alumnumis
i ncreasingly being replaced by copper which exhibits a
W@ e@nitéiseant |y | ower resistivity and exhi bits BEI/US2006/011695
low-k H@]@%hancrxgd L& :@tpaacgﬁgncelil{elolggelssgétaélge% P gtlo ?1201 fh% re%m}ﬁsdreg dtﬁ%Séon of copper
atoms infbtsélﬁﬂt&ﬁ?deﬂ&h‘e@éns,oop rereforay tsvallymecefsartg td reemtide@argér layer between the copper
and thEndféfeg.ﬁé ngtgrtla?‘ L RniB Ge | c&yp@tglw 68 embddadd. tﬁlt&ﬁ@a&ﬁ%@n gitride is a dielectric
a

[ur severe problens due to ?F 4 taver diclectri
mate“*é fHhat %Tt’é{?ly greyeats ths difusien ‘Pf39°HBFrfaf°E}§’ese'F“r‘im% 1908 B‘ttf idg p,3p;infgglayer dielectric
materidl ilesa thpr desigdbief yncofiliommikridel bxhib@ie § mbderanast High riemitivityT thereby increasing the

parasﬂR; cé;l\g?ltagt!g? gn%%ﬁt?‘om yop@:? hiﬁe%' ?I@nc@ nadthInQ:o@lealvg b&rﬁ& layer that also imparts the

red usi on er atons Into sensitive
requirqdepseied SN, 19 DRSS el Gpgrate il PRPeERTRLE sfygundpye dielectric
matenil! AY oAl a @i dlidoh @ftride ay ﬁﬁcob edrvigedt stliien atpiiride Ay it he form of a capping

layer i 1s %gxgltéélse Axrn?%ﬁ)ggr-bﬁsed ntath&nhla{epse éﬁ.\QrQrR@rtallg \E}F Stlta%{uﬁl tungsten and their

I con ni

compon@[s @ith pilrogen and sélp(pre'@ti the ék%ﬁr?ﬁrgmtc@dtdhtés foy & qoeglictglﬁ b@rfler layer, wherein
the ba&&ﬂ@%{ m@tc@ﬂﬁise 87@4 & %ie@@a-ﬁj’&sl of Qii’fexﬁhttcﬁmlﬂﬁuaﬁsoaﬂto meet the requirements in

ric material is |less than desirable,
terms %tjaﬁlg‘ "'ssx?‘ireé%?\g *?ﬁ?? Pipa pm%meol ts a noderately high
permttivity, thereby increasing the parasitic
C %@tﬁértclaa%@?istl@ be &@egmchrﬂg dﬁtﬁ\@ﬁﬁﬁnghd @ Selunti@MCiS the ct that copper may

hi n conductive arri s | a
BT TR TR e
coppeit iy Si€ifba effitiently ip@tetped ty agisppic diy cohpibdesses ﬂlpqem;ppmrmg a process strategy that
is comfh Iﬁl’ %Fehl;d 6 ad R &Ha@lane oﬁﬁgldQéEun@ fnrilllerhaﬁllslcéng &Gce@ ;‘nrsﬂ éjgielectnc layer is

or stlicon carbide or silicon carbonitrid
formeq that is thnpaitmed t%lg(ﬂlﬁip H@ncpeéylédr Vla}sg/hfcp éﬁl}%lﬁfqugpﬂﬁ gﬁ%ﬂ Vm,lil copper wherein, as
prewoﬁdl}/pﬂﬁfd ﬁr&sadﬁmﬁg al the¢ Zapéron cdnaly:ﬁvsban@u layerit foymed on the sidewalls of the
trenches aP v1as U ctl S%B}l Whe El}ﬁpcgnﬁfg ﬁglat?rﬂik 1n$ohrﬁé trren%mqw&gﬁ umafl}haccomphshed

en an I con an e are pre erred
by weirRIbAIEPEIon BRocsssch GHA BTA4CYR 4B Pl glectiolggayiatingyfhierepy fiauirfpg the reliable

filling Q@Waé &fth hAY§éct FRY of 6 IHRd 8@ Wil @%mdi lof aﬁivﬂimha&weﬂ $ uﬁlf or even less in
f erent CoerOS| tion so as to neet tl'&e re%l.“ renmen

combifaon BHHETEES BPF 02T Gh SS RIS EPRE AR LS i o coverel hm. Altbouh
electroolieMial dep&srion ARDEskES rforcdoapea ateewedllsdsiallisiifd ig olppfiald of electronic circuit board

fabnca?mngtg s fb;g]tgx}%gly %1dqi'e§ thg&lh%n la%gct l'atlo tflﬁsqmnaelxﬁ]&ﬁeMblé( Jntl] Ehallenging task,

deposi t'ed
wherein degbgracieritsign ?frs)‘h%’@“akbh@m“@é Popa?fdn%h {jasi saggificapdy, gpend on process parameters,

matenﬁi@th@ %é&ﬂe@ﬁoﬂtl&&ﬁﬁﬁuﬂ&ﬁ%ﬁerésﬂ Sadé€lint pedmetryCad rf@doniEBt)striv@ires dletermined by

ent ani sot r I8 ‘{z&ﬂm ture. it is of ereat
the de?ﬁn 1‘8%1 %néesn s’a nﬁ yé %ereg)éeqné{ be s%mt?cant& oal(l:tgrgdg osatl ?lat o crostli}]lc e, it is of greal

importape ¢ IwHipaicyand efortrol dleg maoayf tivaueRHTaS PERTSS rm‘iog(P‘blmd the fabrication of
metallfzﬁféh| ﬁdy&'s' &nd bf nﬁt@@alsd @ﬁmsa@ QBRIuRHVO GES Son-dohduStive Hrrier layers of the copper

micro trh%rrg %%rtliefr érlhla ]Séterlgﬁlan o the tge qwqtg%xﬁtlcg rogt‘ils u egcgrgx%:ées r(‘:glre SO as to insure both
high yfeldlahdtble nequiirkd rodupteeliabiliiier ei n, as previ ously not ed

prior to filling in the copper, a conductive barri er

layer is forned on the sidewalls, of the tr@ ﬁ and y

vifgeordingle acpagsbdiat Plofffodtbar Rem BRi% Mo B el F 12 afoR o copper lines,
especiiliyan view BEé@go amicktrods aggratdn agluatileycomincoirp kngiuetdmbgghlmtaled devices, in

0 &l ﬁ&&lﬁfa&' atihdMsingly tight

order %f}?}gﬂn el&l{;ltrgxgq? eazlg E)%?égs Ma%& gssfgrgi%grby 3 gpeglﬁ?sl ng singly tighter
constrgigs$ 4reyFipesed with Feppgcted thv Flaféro Pk stress ﬁ“%‘*é‘ﬁ’éé‘td GP%i’P?tUI%?ha'B“%{ﬁB“ of copper
lines \ﬂiﬁlr t8e Wnﬁﬁhoﬁ’s mlﬁ‘ﬁ@ &r fedﬁfre aaq@ ﬁIOdeBi&E(Ehéﬁlc&. 1AIGughr thew@¢et mechanism of
electro aga atreﬁs ml]gratgc;r?h 1%006Per lilmes i Sél}l not 6u1% mﬁ un@ethoog 1@tu¥Ms gl‘itl?hat \éo|1ds positioned in

oXI ma ss to sev

and onsilewdls piiGuerfces| lenge blélewéhmdaPS@ép@iéhetwadwttm @@é@%@sﬂ&ﬂé‘wm impact on
the eldefAPdRE Stredd Iﬁlgx\ﬁ@;nl beBFiofl kﬁdlp%‘kb@ldesbﬁchtr&%ltd‘ ih@daek R the li@edeloO8lécto and stress

circuit board fabrication, a substantially void-free

filling of high aspect ratio vias is an extrenely

conpl ex and chal | engi ng task, wherein the

characteristics of the finally obtai ned copper netal

line significantly depend on process paraneters,

naterlals and geonetry of the structure of |nterest.

oy e .y ..
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netallization |layers and of materials, such as
conductive and non-conductive barrier |ayers, of the
W@ @paes3md cr ostructure and their nutual inter amT/USIzOOﬂ011695

the characteristics of the |nter n struc
migratigne ingyfréappiily @p%lbﬁ t‘hﬁ Irra’ﬁn@l Iccéql;a)sné l%ﬁ ?L‘ Eﬂj:lcFyetal 1rbe 3 gra&ur% of the metal,
the confifibi 6fainy inte¥faceso @eipidbbuirgl mpterials, gnabat cahdwhiverind difleerie bapyigs layers, and the
like. 0€en made in investigating the degradation of copper

" lines, especially in view of electro and stress

m grati on and undue conductivity reduction in highly

SE& lﬁﬁandee\(ﬂ gl@finurh Nin@[ g@ih Hoandhiied ravisley prekined idéfusiorapaths for stress- and
currenthrld%ce% matenal rtr%&s g‘l eelgntj %ongegﬁeﬁhsngs il QQ@fe&&ﬂ&?@nd@% &Lerate smaller grains,

es, as easl ng t'éer constraints are A np
dipronmitome glpre@,s@d elesup d elret FRESUER T s NG FER Thirderes may o
necess&WH&ﬁrbfVﬂrJd)&fﬁlEI&{ prtts & doﬁﬁek Basedahetdl G athe intreme&l iinbda of ¢réin boundaries

may neaeé@mlgsg léllcg)rld Na{lt rullcrr] asaé e overal r%%':l &tlﬁéﬁﬁ‘?ﬂezcgp}] seﬁ%}{m&qo increased electron

el ectro and
scatterigg pletbs gnqmgaomdar@m pﬁnse%‘mﬁlé’r the higlhly cpmplex manpfaﬁmng dPEAcgsg of metallization

layers, iddiuhl}{g HQ@e%Bs‘ﬁtfoQ Othe hdtall sﬁlﬁse@iéﬁt ahd@ing ‘ﬁﬁtedﬁan@ 08 lltel, ma@do be controlled
in an %ﬂgzntg é‘?’?fﬁ%ipg %wglln{c?s_l 89 @d Ie% {en¥e c%gn%c str};| resd:»eé{ % gl%ctro and stress
migratiompelot conductidite el ectro and stress n1grat|on behaV|or.

Enpirical research results indicate that the degree of

oTFTTEorfatiet PATS RO URRERRIBRR e TN o Prgfbr o meta inercomec
structuféﬁ yigiibiting keteed dttetsc dnd carenf induoel matdrial diffitsios awliom eibpricgrhcopductivity even in
thyQQ%dhﬁR%ﬁLﬁ&?s to nei ghboring materials, such as

conductive and dielectric barrier Iayers and the

i ke. For instance, in alumnumlines, grain

boundari es provimmsgLeSEREew1unﬁnu&®umogaths for

StTL E)ﬁowurlﬁ qresenlfls a simy llﬁec[]glglghgglr gglu %[vln@lt)n Enr %ﬁg%&;ﬂd@g ﬁﬁ‘cﬁmderstandmg

ction te to generate
of somg m{sqtse).f thg i ma¢nﬂgt1 T@}s gmlﬁ £9taR gih@;}syveloml%vagfé]ep ipyeptiopr s not intended

to 1denﬁf}qi:e§$(§rrc§t§:§l elEngktd iR invemisn BGE tHlineadliicl3Cupg b thy iftefition. Its sole purpose is to
presentd;f)p? g?gigelgtg ?nﬁg?%% Hci%t r{‘orpnea% gsr%la% als }ejla Ll%rre @et?[e dee%[ngé)? gn tﬁat is discussed later.

net a
i ncreased nunber of grain boundaries nmay nevert hel ess

S lCQﬁHerllly Ctﬁ’ergrés%t InR&ki&AS irdc2€ toch\i&:hﬁhde f(ErQ&hlﬁIghﬂétal W¥ne®in nichi@ization layers
er-bhased Line ow.n

| NCrease ect.
of sengc@a%)uﬁ@{, ri(ﬁlgesdtwhfcrﬁlé tbel, gﬁa%ctﬁtgﬂﬁ % gleta]cgrﬁ eru enre] ?ct to flﬁctro and stress
migratioh giloy caonpligmarhe paedini amgyipg oletsaigknt dpinglahd/orafr iy formation of
the melta"f%g 530 aé B%h&éﬁéerlﬂe élaﬁicg%@ﬁ’ﬁ‘lntlﬂcg’ Ot ﬁlg rJeQﬁhrﬂ?t ﬁécordtn@@o some illustrative

sequent anneal |n? her eof and ?g eeds t %_ "

ernbocigsAlr B Pelcren B M AF b IS 3 e, £§°éesﬁ>8 B 8Uogmospheric andlor
vacuulﬁ hﬁd/éf%dﬂ:mg Bitde GeRN@bientSdor a4 @b proddeVdut-frssii@sqfamhtarhigants that have been
mtrodu.f.?] mgo tl?e met q d&énré Z)(fi’f%edmlg %aﬁ&f cgl?mgﬁgéeg esa ﬁlgg%gf%néb\ﬂ%l%léms the heat treatment
comprihat leesﬁ Ak eSE Pisees Bpiia CrisDD HEOPRPEY EGHHEBLLE metl lne dong
predefid daCltidh Qs NEYalBi dehdi@e HeRBY 6@k Bdvin@aBng Bétedefined direction. '

current-induced naterial diffusion and/or enhanced

conductivity even in highly scaled m crostructures.

DIAS@rORUREn@er TiErativ\ BRIt Thide prefehionichliprpt wetatst comprises forming a
metal ﬁdeqpll nglla(,@rg: 18018 btaBzatioh By dr Y £ E&rhd@ﬁ’dubt@r Qi€ fwhéréin the metal line extends

de a basi c understanpdin

song { B ETSHEn. e Su o SO S ERREACE DB eio g, empertue
along thé lefigiediletio@ Mtaitinaly séquentigl mander.i nt ended to identify key

or critical elenments of the invention or to delineate

the scope of the invention. Its sole purpose is to

prie acspriansoTh will ety dllustrptive eroRfimegt ok e PEPRY iggenfion, & metbod comprises
forminB lChétslGint @ § ARICOEE Gydabmicd atbvel @ sabisirpé comprisih@t sersiconductor device and

di scussed later. Cenerally, the present invention is

directed to a technique for formng netal lines in
nmetal lization |ayers of semdconductor devices, wherein
the characteristics of the metal lines with respect to

el ectro and stress
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m gration and/or conductivity may be inproved by
applying a heat treatnent during and/or after the

wo eooaned3en of the netal |ines so as to enhanceP¢11852006/011695
electrijc erformance of .th fa Ifmqgfg Q@
1i d th thod
pmﬁ”@?ﬁ§dﬁ%‘%ﬁ £ &1 éﬂﬁgﬂ$hgwqﬁﬁ ¥ RO ey oo, o metho

compriseR yxpating thcasdtal limedd mjieuual izt tmgrorpqoteetegssmwﬂcwaﬁwnﬁs H1 ﬂé’r‘ metal line.
sub- at nospheri c and/ or vacuum and/ or reduci ng and/ or

O
after epasurdtg thereoediambiena fruthia cdspret, mgacpywo eGSR &5.t ])enur@Qrpf@qd as an atmosphere

with aerEQJQe‘Ei';}FééﬁﬁeSon &b @rdg%‘?tmagx{lﬁ@at SFeRlerf Q‘UIP lzhe ﬁ@niﬁﬁntiy%ﬁld 'd;vhereas a sub-
heati ng process that is_desj %ned

atmospbgrig AnBignt iRy opade pEsssyre cprdifionsipgh Frgec o ¥ gls%ieﬁé’é’“t °Fe t8 e e‘rﬁ"mme“tal
pressw® Of tASmimfabtadxglficilityge nenat gesheadondigonz.ones novi ng al ong

the predefined direction. According to another

illustrative enbodl nent of the resent i nvention, a

met hod conpri s SRIEHPESCRIPIIQN.OF VINGS di el ectric

| ayer of a net aI l'ization I ayer of a sem conductor

dEué Deentiod ey @b todtdgod B tréfbrerce nehehillosgsiestipioy tabenlieengiuhetion with the
accomdalnr'eg aVQIH S, 1%51@191}1(% e’ferénlgeenu%xtaﬂ%éntﬁ?ﬂﬂ% leﬁlgrﬁs Bl SQ&EH ng a

ReLtE f T eatnent 1o vary a tenmperature along the length

direction in a tinely sequential manner. In accordance

VVithli]:eSlfaiséﬂemﬁﬁﬂtyhﬂifstreités|al$81¥1ib<ﬁﬁildﬁﬁ devidsdstivdRpta n@falitzitien layer containing a
plurahgr ?éme 1 nrg:%;ee?t Icl%naFtier?:su?se (t)th wﬁithC YR «L,sg %‘tcf gfemo %gf‘srtrg&trﬁ&ratmn and/or
condudtigitspars tg bngm@c@emcmew@nﬂueewwba%fmof FhﬁP'i‘?ﬁmam‘ﬁ’étQP

treatnment t lacJd Ify" a crystalline structure of the

metal |ine.

o6 ha e et 7 P o S i DRt g greay ghih in
includoadem@argisétorgieade achpvmimiFizamtls i n the netal |ine. In one

illustrative enbodi ment of the present invention, the

dt
T e o8 b DTS T i R LS BT BB o s v

along ¥ RfigfhdireativhiientimdlBset@ntabmenmekan stcodsheawitmiliusratpdeghodiments of the present
vvht h a reduced pressure on the order of magnitude of
1nvent10 . ..
€veral Torr and significantly beyond, whereas a
subatnnspheric anbi ent may include pressure conditions
t m'rgurer IQQ%mfaﬁcﬂm 1111&&&1&& Heeing \prdoest with @ Sinely 3artlying temperature along a length
e BBl R R N - R B LR L
THE DRAW NGS The i nvention nmay be understood by

r ghRfein Q(ﬁle&uﬂlcillb @hcfv&@ |tﬂe DAt AEhtEES 61 ngiﬁad Qﬂwliei?éﬁEMhdaﬂrva:sfer rllnedlum may be
n nCt | C nyl ng rawi ngs, In I C
usednr?‘:fﬁé aP?f“@%rél‘Hy%r ‘ﬂ‘h "% i Sfl fy like elements, and in

whi ch: Figure | ascherratlcally illustrates a
q{‘% %déd%ﬁﬁcaﬁﬁﬂlh%tteé Q@énﬂéunmma dé'(?cta aﬁdlddilﬁw dalliza%tR Mayer formed in
aini n plural i of

accordewgl r:\»/ételaéilaxingsfein& Rroggps W%ﬁl We?rﬁgif‘té @?CW staeg; lel which thg semiconductor
devicei suBBSedd glicat tie@Merm ndérding ©Alvdrtivd wnbb@manseof the ptygent mventlon and
enhanced i n accordance wt h illustrative enbodi nents
of the present invention; ur e I b schemat.i cal . .
s Hiaees 25 shemptically hpw g S EPEITHE Pt ﬂ%&‘ff%f“g?ng stages In
accordaice GitR v @aBustralild dfbodiMerts it Fhe preehiiskentonseni conduct or
device as shown in Figure la; Figures | ¢ and Id
schematically illustrate a heat treatnent, in which
t SMhlertiet inyeption fis streserdible [tg yaaiqus\mpdifigations| agd) @ltegmqlvg ﬁ"@fnﬁ spemﬁc embodiments

thereofl hdvE Geh Qﬁbvs}nrbyawagl |ofr§)lahﬁp1§ e the ﬁfabvﬂllgs 4P RREereindesttibalr il detgie It should be
mderﬁtﬂoé,&plgleJFIg %gpptbogl Frem OF 1pacsl r atbgcg m%lri elss Igf{t] Enﬁen@e\éﬁgfédélpae invention to
with a ti nel y varying tenperature along a | ength
direction, which may be perforned on a substrate basis
according to illustrative e#bodi nents;
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Figure | f schematically shows the heat treatnent of
Figure le, wherein a heat transfer nedium nay be used
w0 povagese@dance with furt her i I lustrative enbodP@EOSRN6/011695

the bparalgl\ig;a? rggmg E"]%%%re tog %}%lglf)%‘ er ﬁgnleg toaco%?ernh g%c:ﬁmns, equivalents, and
alterna@ecRllidamititn the ipint mddmsfclen@elpm esebﬁned by thegppended claims.
i nternedi ate manufacturing stage, in which the

senm conductor device i s Subjected to h tr eat nent
accor di ng to%@lﬁwm&m present

| Muetivemibodinehtsif git liwentigidar2 dessrivhd bddw. da e yntaEroed clafity, not all features
of an acﬁ.lgil g@ﬂzgﬁgﬁgtgﬁ UL Gl i ﬂ-&ygpgé}ﬂatlﬁdvﬁ%?gf RRYHAGIpHE i that in the

I n accordance wt various illustrative
develogheBb e #RTEE: 5Tk TOOPIECHTCIoHy BHIEGHOgPRopG® ffisions must be made to
achievd Y Qé%:lbﬁ'k ls;ﬁ:mﬁd;l gdaR Psuéhids Qoﬁl}ﬂlaﬁta rilith Wgstenprelbtbd aetbugness-ralated constraints,
which B/lllt veau[y otrrll <\)/n% 1m qemenfatl?sngg gxlo hexC I\%IQ)Q’Q’I Hﬁg{ e a&;ﬂ’g&a%afthah ¥fra development

een raw ngs and are
offrt pighichrcotelss ralldo@ﬁe somsgEEa worﬂfl Tt b s nier widgtigging for those of

ordinary QMR 8k artthBalg thdRndlEsTEid dicloske. herei n of specific
enbodi nents is not intended to limt the invention
tothe particular fornms dfec d sed, but on' the
C B¢ presesy invektion ik mmttie dpsciibsd wish eeéyape i affestivdffieugt | Vsigus structures,

system§ 9&&' d\é’?&e@ %%@h&ﬁﬁféal@ldgﬁ&éa% thy @rﬁwﬂ‘r@d fhil fagpowth bitixplardatiéh only and so as to not
SP i ri an

e inve on as. defi.ned
obsur, s aFRE] PP A NS BEGGR BT O Or I RNl e
attacheld ldtattdnlgs &¢ invieded mmnmeamﬂ expifin itliserative yampleoef tgrneesent invention. The words
and p &3 Qgeh H&gn %%Ll@\% unh&st&ola %nd 1Ht¥:1§fe@§ fo hQ% acixlleaﬁlhé Sbnsisikai Wn':h' tile understandmg

eatures of an act enmentatjon are

of thosp [ffosds apslRbrapss ST TR bl §%°c‘61edeg’ﬁ}b°ﬁ’é’é Rl g pimse e, o
definitioh @at ik Biffedeg fEOME] @@inaRNind ofistoamayy atihe @anhdeastood i thdservisied, in the art, is
mtenderc]il“{n%g ?nga?ied tgpcot?s@% {{%géa gpt—h BEh IoI f)lﬁ‘asg ﬁ&én'?' Po e g}‘tﬁﬁ tthea term or phrase is

vel opers’ speci 0
mtend@go b@ﬁp Isbeginlcrecaning: fre. 3 Beaaig PaY SR &ah'ﬁléefﬁ%‘g“ﬁ é’g’éedra&is%?f eSeh @ special
deﬁmtféﬁ) RAL betxprbssly sidrhhin We bdecili@tiyh ih b @efinitiogal Inmiﬂeeﬂl’ﬁnﬁrédtly amnl unequivocally
anot her... . |t wi || be appreciated that such
pmv‘d%f tl&?eg@%fag%ﬁﬁlﬁ etgeot FEREHE be conpl ex and
ti me-consum ng, but vvoul d neverthel ess be a routine
u ﬁ‘ﬂ@ﬁ&@lﬁ' BnthR s drla @t@ch@iﬁﬁy tReR Eib1Sdthd fornhaflord dT@nel I(nes in metallization

Lk RV e e
of puriat dfalhal fis rodified by Memmi ofirsbesfttreafweni teenhangythe efpgrctepios of the metal lines
with re(;j Wi (G 82 reglgtgncg ﬁ)@% dn§ ﬁleg%nglgﬂngﬁcﬁg thef? irthBr8nt ‘35&%&0@8 Wibut intending

rposes of p anation on

n
I /- R R R —
grain BoOndafk® S6thialai theta tinei Maytshpeifieamtly afiderbyr ¢ldveicd perfornimee of the metal line in that
electro att at?r?sg i e(tl%x\nlsnlgtﬁlc ra%d/%xnﬁ;lla %ﬁi@l‘gnt chdQ&%J isqgcrémeq %QL CYSIL known, the

ra ve exar‘r‘p es of resent i1nventiaon. afe 1 d, th
crysalic men P e s e SO BTN AB R (a6l el vsed e
deposﬁum BdhRiged e, the pﬁﬁééﬁp&nﬁ&ﬁ%ﬂ@l&@ isdughodtthe Wépbdition [peocess, as well as any

ses by those
precedg‘ﬁf’?‘{s@ ec?uﬁntf’%(ceessrese eveéi“ﬁ M?ptg atm%ogtgggétfﬁal definition of

a termor phrase, i.e., a definition that is different

f r@%&t&@e QiprrfEQJe&’ m@tﬁmzaﬁéiﬁﬁﬁﬂﬁfe)f)rdgﬁﬁﬁ foRfed®s uéiﬂg(m'cﬁdcﬁ)@dcal deposition
Se  SKi e

[ ed to he. |
cohnig, S5 81 SEETRR s 2B ERE P8P o R Seh ERh pend on
depositiérepagaxtcerstand brathe dimemsions efithepmetsearnidsyias frt eerfiled] witly the goRperepased metal,

since 19&91%9& ﬁimeHE%E‘ WP e tllenc‘ﬁcs’ anfl VikE arﬁ!y r}gsuﬁ’tuh ﬁl@ f&hﬁﬁbnt chaﬁetal grains of reduced
erstood by ski artl ans,

dimengigr; Hepseofhe P tsendészwye%f S/ BBy B4 el i peredused oving t increased
chargecpigien stdtteifrgiaOfie intteadeddiehbenofigradimbndaganer that directly

and unequi vocal Iy provides the special definition for

the termor phrase. The present invention is directed

to a techni que that enablesSthe fornmati on of netal

lines in netallization |layers 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
treatnment to enhance the characteristics of the netal

WO R0wed03sd h respect to the resistance to el ectPCI/EsIH06/011695
stress mgration and/or their inherent conductivity.
Wthout intending to restrict the present invention to
t Moreb e, |aisiwal) kewyp] neltciroshemical dépgsitina|ifie drgmely gopled fignches and vias in a

substar(h@l@ug&d 4L &fmngrhx‘éqdﬁ@mﬁlstﬁgte@ El@dn@plgﬁlﬂ rl@lﬁﬁlh&§ tNM id¥bIRe Bighly complex
[ine mu fican

electrob@rsp]élp(ﬁ:a n’El'éls GF pltlrﬁlgy ﬁ%fdélftlvfs ﬁ,‘éha % g%pﬂs&t{on srxpé)ée(ssoas accegerators complexing
agents Shd @S BkelThrg b@itined in tSpicab elareliteapldifaps, whivh njay eragrip a certain degree in the
metal &% 9%}%& Ith\él-ek%/ aléosb]ghﬁgxﬁi@iﬂéﬁx res tg'uﬁml’éﬁ'd)ndk&%%f theARtal line. Furthermore,

In ne
RS AR Setbitle B o ™A BRI of i ypgeries may also
have affinfli@tesn @¢ cledednd fhe mippdaibbhacior, sieehyninbendasiecind/pihie contaminants
may algercp tﬁe c ra&ens? JEEOE' gl{gsmt%c&tb%liv@&dthé Hgtﬁlég(h delgceﬂt Iﬂﬁtenals such as any diffusion

as any pr ecedi ng . and
barrierg @Pb@éﬂf’a etmrec;ypro@@srsle Souyfarieteay gEectiyinflerapiols PR f7ated ppfgial ransport s
is, for m@taﬂde thé: Sdse kR LuaBaa, Cﬁﬁ@ﬁ&ﬁﬁyb&ﬁeﬂdlfmigahd ¢rgsllindy of iy ewetal and/or by

reduc OIIH} 8‘2 o%%mlﬁangsntge ove1¥111 aw&%s%s%? tth% 8&&%1%5%8 be i roved

ni-gques, 'ectroplatin
the grain size and the crystalllne structure

S 'I&ﬁéufld &QpﬁrécYateq REMLpeRntiRentide RSt RN apahadBised the adhtxt of copper-

he NMensj on f the t
based fqeqa 1@&0 ayqLs. tmﬁree gﬁg rstél.}ctugegl grréagtgp(rir%ﬁ\érnanugacﬁl{:egsbly etlgp (pamascene process using

electrodienizalsdeperition frechitiges, terebh esieatig 4 lages Mayerradsuplt sias {ffpincorporating
contarif¥h I BE thé)eﬁecgglytgeltla}l/ev&rtﬁé ﬁ@sa@ Env&ﬁgrUﬁ%qalsG IbEBIPBEQAE Betal lines formed of any

Hence, the | nherent conductiyvit
A
restric®€ &t dogyet-Begedahetilivatidnrigesasdss suchnisdrictiohs ge eiphcitly set forth in the appended
boundari es. Moreover, as is well known, the
el ectrochem cal deposition into extrenely scal ed

trenches and vias in a substantially void-free manner

r Gﬂhtﬂ rEt@x‘énoS eIhgusds i1 -t ;ad 2£1 & Ritthed fIlugttativegenibedifentsepfi 68 ptebeat invention will
now b6| \e/sgrlv hld%tal‘f OEP urexlaes!:h%% t[cglgfy gwss 9 l,sélﬁléogarcto;r Me 180 comprising a

eposition
subsete ) @BSloFmy bescled diebis oy ocH TEFOR e S it clements of

mtegr.’itédlf-,ﬁczults'Jl B GBEHaRI10EHayl rBprésyid h@&bpr@rﬁﬁ EMaﬁﬂ feilingtni@bsEyctures such as
selmcc\é\lglﬁgg fietvg%s rﬁ%ﬂ@ﬁt&}g%%ﬁ S bsgate ?dl m re%eent !{1 rﬁllllct:on%as?%u%étrééqn the form of a

o conprom resu
bulk silisdnautsirtte @ @ niticrmtonmstiyto(SOD Inebstrate; ‘@I thel viat enajopityrof ppaiplep frgegrated circuits,

such aE RﬁroBf&e%&F&C&or&He cﬁiﬁ’sn kgl@s Qxﬂriﬁeshkw atremréﬂelﬁllﬁ ﬁlaﬁﬂﬂcﬁkd BN B4sis of silicon. It
he exi stence of pluralit grain b

Shoud s (PR AT 1 A PO PRI ETITP i Creg oo o sieonbused
materifils Gladihg®semivetmuvtbraregions iof differgmt &bmpoibem deh jae ghca)n d¢romnivyesilicon carbon

and th& ﬁ’l@t réﬁ@!};’s llg%hi@tnfle%%{wng Qﬁfe&gﬁm&hﬁ&hlﬁ' to¥ &8ss lﬁaﬁ/dmg any compound

I nterfaces he netal and adj acent 3@%@@ S 0 be used.
semicagelsr maeiltysoh 10 ST OHEY ForoB BB RHed A e e
the grain boundaries nay directly influence the
St"lrhg Sséc’n;lcon?uc Or gTv%tl 8({ Irn"iily ?%zg FxoP gb‘i)vea&e sﬁ)strafteofOI I3 bLARGE metallization

nsequent t he
layers,cwlygmalp he ﬁxwlaMenpyp@nthMWnath p@‘alhwloqx ébe&sclllpl @ndtlﬁgare formed as a layer

stack. aﬂi@ watatigfio Btk 10 g tbSprist A Slel@dﬁ(ﬂf Iayel 110had a/bElTinG 1 12¢ ShicH is formed in

e i Bt 31 o i T bR e /e B s Pl ot g 122 omed

withingeddiglevtra Jevei21j whetelneone ©n tnelxtof the metsp jisp By be connected to the underlying

metallmﬂoﬁ alyér% & ﬂy%nné 13Y.6F1 mef lﬂl@@l Zb. @1@151@2 by EéQ:BlH}Srfé&l o2bs8 appropriate metal and
typt cally manufactured by rocess us

may caipiise, (1 MateH FlpEeY |°8werr é”&?f?ﬂ‘ aiﬁfl} pna ﬁ’&?%%‘v iy ¢ st ocaly, be
providg€ Makeahdtd Gnad 1R Ainger Nrsh es to Grmsyradtdl algrya |Fnlsmm@b, it has been found that the
i ncorporating contam nants of the electrolyte.
However, the present invention may also be applied to
net al Ilnes formed of any o¢her appropriate materials,
such as alum num and, thus, the present invention
shoul d not be conS|dered as restricted to copper-based
netalllzatlon Iayers unless such restrictions are

claims.
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now be described in nore detail. Figure la
schematically shows a sem conductor device 100
w@owpndseng a substrate 101, which nmay have f oP@EUS2006/011695
therein an features of mcrostructures, sugp as . . .
presenti of @ spRPeRylRYBRY gahgoe (G CBYCIFINGS &F 1 BT MYRLINE B Lipy gf s rosistance
againstldicbtrérand stegprmigetiin. avigredEp wogpr tha tagers id9sdnd di @ afede represent copper-based
metalli %omag S, 'Z%{:%’é)ggtg 'E:H‘ﬁérl“igst / a?%g fﬂ)%d&?ﬂmp?&m Wdu® Glfﬂﬁ&i &§€dpper into the

may repres nt a
adjaceny |d1eleetaﬁmﬁ@r§lé af Selseery Hi a0d 131 Frs cqussmipness ang Sy5fi PRI 1qyprg g not shown in
Figure S48 infad bde@Fibadl itSindre Gadi-va référaudt @F@re @Sle) orsubst r at e,
as the vast mpjority of conplex integrated circuits,
such as m croprocessors, storage chi ASI Cs and th
| Mhemetgl liges p3%:ia e daysr 1RQmEF dg@mr‘*é%rh éﬁcg‘ﬁ‘é 24, ykick mgy Gharacterize the laterel

dimensidnl off 818 Bhretal linesSINO U chil e, ARRHEEIeaiof 025 HQWe deined tyd mdd Yines 122, which

is subsga%tpaﬁ% Be%&’eﬁ&cuﬁr oqltw w1§t§ g] ecp onqli% ang r}g%%fdgcluﬁl Bt e%%%g %ﬁne of Figure la. It

ased materi em co n
shouldbe g}pmqste@)ﬂlatdp ﬁ«ivettceﬂhmteere‘nﬁk)@@iﬂtsi Se‘ﬁi as Bighlh Ccalépk‘é |n}1?f%‘??6550f5 a plurality of

metalh%%ﬁ@d%ﬂs‘ MuckS hsl ihQ UYers aﬁ@QﬁH aand afe %ci:ekik(ﬁ tofllof &8k &fer, wherein, in each
hic orientation

metalhga(tll%léfaﬁer tgerresg % 1}1‘3?1 élges eﬁtgﬁld&a}fssﬁlml (hﬁl] mna Cparahel fasg‘on wﬁllereas respective metal
lines is @mpdjoad wetatizativa tlayei adosextend, mrpaatﬂellbllf— wbstasnemycmmlerﬂss to the length

d1rect1J>rJ L Yo 388 GONBIAGSOLgeraNd thil Sval,| 68 pax@’ﬁ% @ab&ﬂanb& Be&R6h metal lines of
he sem conductor device 100 ma?(/) SE%;/e f or med
|

g RTEEOR Lo S TG AL o GFVEE G £° Pecliatin laer 110
may haMB € @iefa] linksl 12 baendig fial salrsiant@iii ekl lnieminger gl “m{ld,tshj direction 124 so as to
reduce% c%l:ﬂtl%eﬁ&oh@@ lb%?(rgeﬁ $he 11;1& léf]gld 1 gp I?éil@ulé &ramlﬁeﬁ tl"f)at Ly & arrangement

I zat1 on a er
may bepdriseors W Iyt oS e ERPHOHES At 11 Spscrge i op it respeot to te
heat tréa@fidNedr inﬂdlﬁyﬁl@ tHé icB/btelbhid strGctlrg M 8pecitit ]engtﬁldiﬁach(&r ib yqﬁnéchﬂdlwdually for each

metalhgzﬁliog }alyeir%?(} Ilébn élé ef eml])béip Yoot 0P o? Ele ﬁlem lHl%ia lb taé(d 1%5 may define their

nes 1 hin a ctric
own swehii ik Gresion 2iidengh drprion P 1 ﬁé@ew@% “‘Eféonal” ‘heat treatment
mayb&&ﬁ&%{é&&f’anmlﬁdﬂﬂbwﬂ;dEH ying netallization |layer 110 by
a via 123. The netal lines 122 and 112 may be
conpri sed of any appropriate netal and may conpri se,
i Figoredl b pehehitically ahows mrpbd vigw of the ebpiratsrl0l inpladies gplurality of die regions 130,

cach @dfidnl A IERMP QABIREGcHR Yovical subte &S the s&ﬁ&lnlil)étor k213‘/106: 100 of Figure la.
provided in _the t al I|ne312a511? Qr 112

Morech sy G T s g P ) RSP B S 20 i B e dieion
125 oft thaethl@p 29S8 mow ooefntea hodroalty. &[d“@yer,rt’eqmr@mhta)n@é the pestal line 122 in the

drawm%l1 %roécfﬁugt;altwc'et ﬁaﬁr?e &Ily ghd"faR Qfeclgﬁgﬁledﬁatoﬁlmé He‘fﬁes' the %hr?!‘fre@tﬁon It should
resi st ance agadl nst el ectro and stress m

e R Ao TSP Ao 1) YHOFeSPS 1 B PP aippson en. i
particuldd RN mdIEGE df thehadl lihe b | e sighifiyatlgmagaiipd.opr i at e barri er

| ayers may be provided to prevent undue diffusion of

copper into the adjacent dielectric materials of the

| a'l‘)}ugwguc]gg_d_pctgrnigw@jm mayphe f@r@ﬁﬁb@ﬁ@@ﬁl@r@e w%velgﬁeﬂlsygpfw@fes which may

be desl:xﬁ))é@ $08 erdboRinRt refeR @M 4 Hanfabogner t&:hiuﬁheaiiﬂi réferynch & FH@BCaila@dn. In other

e
embo egts,n%l{eg?] metﬁﬂggawixb]ﬂyelrsﬁl 1? F]nedqgg areé %ﬂul_nl_xﬁ‘% Eased2 rget%l@ztat?on 185}5 the metal lines
112 angi1 22 thaydhie feem¢d todepbsiting ajumiimin qml}e besireof avell- mproz@ deppsition techniques, such as

chemléa@\;as&ﬁtapogh&e@ﬁﬂteg gﬁcltlotn h&s dekia! Tllxekdaﬁ’& tHeddotal ﬁ&éﬂrﬂaﬁbé péteried by means

dir ec (g ?{{Eag‘ih?‘?“bz}reffg%’gf“&‘ﬁq g? thgtal 1{1%9 11}. anquZ, as well as

of phow%ogrm B oL
the viali2B e Chereafier,Jadatamagimérs mpe bqyerfokimed toanodifptht brystallingwirgptpre of the metal lines
112, IEE da% el 9 eg: h&ld rn?thé i%éovln.{lg, §1h &U«Lrgiinéjﬁ oﬁa@x%ﬁ%nﬁén@sdth& Hﬁgectlvb Phetal lines 112

ance Integrated circuits, su q‘i’

and 123 ey 5p F@E"é@%‘d‘?‘% the gespgetifefigiepiic &i‘ﬁ’efﬁé’tlaH‘ g‘ﬁ?%‘ﬂ“% "é’;ﬂ&?fgpmte dielectric
matenaldﬁdlplﬁx&nﬂiﬂgalelrayleﬁg&opbgﬁp}@nd 120, are stacked on top of

each other, wherein, in each netallization |ayer, the

respective netal lines extend substantially in a

paral | el fashion, whereas réspective netal lines in an

adj acent netallization |ayer also extend in parall el

but substantially perpendicularly to the I ength

di rectlon of the Iatter rretal Ilzatlon Iayer In this

...... o o " - - a o . T - Y
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reduce the capacitive coupling between the |ines 122
and 112. It should be appreciated that such an
wa@eeangBeent nmay be advant ageous with respect POI/UR®06/011695

overal | performance and, as will be described | ater on

with respect to the heat treatment for modi fying the

CIriggeaive bitee bessctauees fa fopig itfinstdl breyt 12, #2% @éftt‘iatb‘f? efpgodiments for
modlfy%g 61'16 &?&Ltaﬁlﬁﬁ stydcgl'éa(lf e} Q1 18RC onBle) {hlnz ahdaNof @y@hindrtOwill now be

er enbo mants some or all of the netal

describpd ip@ereagil and 122 may define their own specific width

dlrectlon 124 and length direction 125 so that a

{Fl{}ree?p &geq'rllaﬂgll glocvgg \)5 %9165]50 c&:ﬂ@&redt tb %éﬁvdﬁﬁ cheé'tr@yatrpcﬁt on the metal lines

on a basr's.
122 0 SeEn oo By g fote Beaprearlope B (B8 g g entia mannc.
For thi HEhded] ltﬂagys&npisu i bdn}bn@a‘ a KHatngrs@@eeol’s, M, is @afiduredfto establish a locally

restnctgg]heatm I’ng. e oI or m e sugs gglc OJ;A%EQ hlggtragsg\éhﬁ&hme%p% HeaRin %rce 151 may

sem<cC uc evi ce la. Moreover, t
comprig oW B OMSLIEGT: eheem s FHodiefion or B Gf R5l5S 8 PEalice  loclly resticed beom
spot 15@%5 84 ih ke @&b‘st&'ﬂa 108 YeEreih 2R, beaPHEISH mbﬁﬁpxjeseiﬁgh Bxafiiple @fthé Denlly restricted

heatmgﬁa8?ei gl{)(H]tF gif.eril%l} ar %&W&I}? tg'etzq%%m gsr2ln g\gvtregfesen{] a lgs?r be%m of s ngemqed characteristics,
such ad Waveler@iniersity byl titrldkwi tmprodhice the feqyitefl hest indheilerallyfasiripied heating zone 153.

The hegtmngﬁ)&CiSi Hl'éys anl%ﬁse .\ ﬂ%dﬂmﬁidl s IR0 sh];%ﬁ’) IQ@frédlBSfohﬁﬁg the beam 152 to
scan direction. It s

ld furtf er %Qéoreg i at.ed t
eXhlblttﬂF?éiealieﬁlrgﬁ?thfgcs f Ory e AND, %orrre%)ﬁ)il e ?senénrors lentses and the like,
may bd frevidet bsbéuatbel difeareha Seannl 52 odkp aﬂqq:albapqtr;cg:g |araqt of them:}bstrate 101. Moreover,
the sysglnr{g&g &gguré?{] Esﬁghsﬁg 'i'é’l)altwé h&ien ﬂ&@een e @ub§d'a93r1'0f élﬁ@{éthlanmg source 151 to

e sem conduct or_ devi ce 100 gaé 5 @E . .
enable e aBRERTPRAM ECLGAPEHY TETFISHEP Y PLRBLPIE Bl dbionify Ly For nsiance
the sysﬁayliman@e@ﬁlpmda adncfvaableanhmﬁie iveiddr S 54, efbiphris atgjedstomeyeable along the length
dlrectlonall}.? ‘fn 0 eﬁtcaesg h g'g)g aYgl ﬁolﬂie; %ﬁ%a? QEg bé Qlox%htgyfn%tlgﬁd&e@ﬁcﬁg such as in a

1n o ['1zation
further| e rdect pOPaBIREFIL2OY e faind o125 RSP P PRIyl it i,
along th@iRERn ot thbei®isal | ines 112 and 122 may be formed by
depositing al um numon the basis of well-approved
deposi tion techni ques, such as chem cal vapor
d o dpFriin of fhe sstem 18 eesibsirese 1 ¢rrepyapronriaRly be positioned on the substrate

holder Tglﬁt() %1@{“; aﬁx@l{at#e Iﬂﬁtl(mesﬁ@lan%aﬁy aIBIII ?I{éﬂl daadiber23 @€lat IBAst BEIT$he metal lines
hot ol i ogr a ana we es .1 sne el Cl .
ST A e T e —

commdnBXpr A Sf thehettaldigestlPe vi a 123. Thereafter, a heat
treatnment may be perfornmed to rmdify t he crystal l'ine
structure of the metal L|ines 11 122 a oﬁ on | 120 with a
d Eigete Wegheppticalyeshp® prb ianesd V&?PV AR A e t‘aet%‘tzﬁ iop layer 120 wi
plurali§To @@iaNeed B2 ckfoeednehpbatitgeunetial I hnesmilyd cabali@pshown, the beam

152 gef?f%esqgezlic%re%g ged antmo Bth)? hgaﬁf?goz%ﬁé fS‘g ewlg\:lh% ﬁﬁltc[){re?s 4 FMfeh 8f one or more

osIt ganaproprlate dielectric
of the pmtp]elmpsa]ZZaﬁﬂhlp Fasf g}elbzqnhg)ot 18 dpfines the }Oﬁaély restricted heatmg zone created by the

heatmé QRRYTAP Imls th Ibé RSACIEE ihy ﬁlteﬁiltytpfbﬁlepﬁlmme&gleﬁﬁg pn ¢55 thaymot necessarily be
umforrgnﬁgllg:‘ﬂ% I;ﬂtegmgrg an(? hnus e?nﬁesrat}rg' {Z)Wﬁll %%jsed in tl#sﬁngsabb \{I%y locally va%'y within the

I ne structure
heating h@eniéﬁ,aﬂepbndmesmltﬁt’;z s Pt whfewe mémymall dtensity of the beam, absorption

charac@ﬁﬁfc@a[ﬁh ARMksS Thk Léatld%QWLr&QS d ﬁl&)%'el dafglsibriad Kdon atA@éndpetature within the beam

gur e I¢.sc
spot 1§3Oanﬁ, él}uf dytmnéheﬁcgg]{y rﬁrggﬁ Pr%aﬂ?g Zgﬁ éédc's as ect:lf5 ? taxcr% trlenlpggﬁr’eqvhlch enables
a recoMBpipitic of erpestallingrseucthuy Within ttlhEortmaavf thP metak live 422 that dpdfeetesidy the beam
spot 1%__3e @&B{?ﬁlﬂe aﬁﬁéckagﬁl th%l%ﬂndaﬂy fle Eﬂe&?ld o§@&45‘f3tﬂé Heﬁt_ing BRY3@ 51 within the locally

ur pose e syst ri se .a .

B S e A el alﬁfar@%ﬁﬁ FRge SR g 190 s reached
withinla @63 lidtatval @sitdoés@beatiown aatificag hz:o rensmnatin viithin theeneliknstl 222 t @onsequently,

101. In one illustrative enbodi ment, the heating

source 151 may conprise a source for establishing a

beam of radiation or a beandof particles to produce a

locally restricted beam spot 153 on or in the

substrate 101, wherein the beam spot 153 may represent

an exanple of the Iocally restrlcted heat| ng zone. In

o =~ e
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such as wavel ength, intensity and the like, to produce
the required heat in the locally restricted heating
waowe/10830 The heating sour ce 151 may conpr i SePGlTY]JS2006/011695
o o 50 R P IR pRE P Qo AL S
maintaig girphiesnt gpstallize ortiien glchealy wiblishing 2 wlptive mefiopbetesp ghe substrate 101

and thd 1@51&& §ou§c@qu he hkdtlk% zonb'B35 B bR sQMiked Bnd Be fe@éﬁU&re&ﬂﬂ 125 and therefore,
direct beam 15

seeniifs BT CLOA B Ry éraLlﬂigﬁé - ety el SfigPloTo®h o comtating
structu@ GinfilhrLs € chydtdline Statnte geilvrated firetha pprvien thay Wamatb?éteﬁqmd thigds now cooled
down b%fd@%erte@%e? ter'rl?&atﬁ'g o, S hesheatd thQySAHE Sficthre %btﬁlﬁedqmmlﬁelﬁbefore In this

scanni n lon of the locally restricted_ z
way, theesize of Hie grips &I B BetR [EFY B2 oty pe pasesesei iyt %?@E ‘é°t‘°n 125, thereby
mgmﬁd’aﬁt@ r&y&Gheehe thbBerltyraia BoipdarisspeaunitbangthbF @ irstatys.tin eppper-based metal lines, a
| ong the
gmms? qFkmégég%WF&%?Taé“mfrggﬁﬁéFqggggg&sm e substrate
holder 154 may al so be noveable in other directions,

S U ma SmbloBinRntf, Welektedsioh 8t RS ladallﬁ}e§@cﬁédi h@zﬁm@ﬁﬁ@ €93Gh Bl lem’tlll direction 125
o, the Len th . direction

V
may be\ﬁélmt?dé% § %/ wlnﬁ(g?meitegs or £Y°8 iess %ot?% Q) aen%g% € oﬁrs%lent freC{)rg%u %tl?on%s the zone size
is less thoPthe Dsirddrpepirogrer Abd OFNDE mptm@ ngy bt mﬁom in 7 yybstagiiply congipgous fashion,
for ms%g% lﬂ?é/ n@rﬂgﬁsgfp&b@ﬁge!hé/ s@@tra&oﬁdlcier Qe gcc&ﬂmﬁ |’&ﬁa %b@@ﬁ%d aﬂe@d or, in other

to allow a rel ative I Qn tanti
embodgr}eatﬁga stllﬁ@ntfagh gquiwsa |n}°B<(‘Pthaé’ irﬁgedg?vﬁq&?m h‘é g\grgl tgrﬁ: eaft%rfev r}{' step as well as

the stepr®icahay bk MBted 2Pas td btainwalesivt adgree oNesrlap Dgtwean dheymovipg] dighting zone 153.
Depen%@nutgg Ia%HJ !a@g i¥n ﬁqieail)éaﬁ;l reLthH&ﬁheakfn? %oxleel@ﬂttﬂht @' n ulreoﬂi the vertical

fined commonly for al he net al %? 12
dimensiopoa corrrsgmd@g matl%lém@ﬁléierabdaﬂertvn ?ﬁb@@eﬁﬂm&ﬂﬁ%@%&‘ i fincs 122 are
heat tr8atdd0ih  thed Bbod d&s&ﬂ)e(miﬁaﬂie} i I kdn@nenitayigentd 20mey b advantageous to keep the
tempelgtlurer sgreesslgni% cﬂgla' C c mea )?reuﬁ %Tréorgédmgég Oﬁﬁ;ﬂgﬁ& ltlagt ahg\gtlévag In this case, the
scan ofpertion AGR tfgé@éﬁldﬂ@ﬁm Ré mlabheaﬂelmte‘r st orjseierbingss éf’r‘f*’f‘ 8 B’Giler"éer temperature
createch\%@ﬁﬂ ﬁlg h&gﬁgezoilé $53. Wt mflankd) altipiddl ERMEE SenerpOfetolf @A hedting zone may be
more of the nmetal lines 122. In this case, the
Selecreﬁ@atﬁra@’ﬁ?ﬂmai@éo&é‘?q fies the locally restricted heating
zone created by the heating source 151. It is to be

n% gx% g%@gtlv'é Qﬁbédﬂﬂe%p %{et})éatﬂfegtﬁxeﬁt%lw 4 Bhided ﬁ@allp Q@Hcﬁ@ heating zone as

necessarily be uniform é N bient
Sl A LRI 5 R SR R D Rt S pgpherc ambien
or a vachusnbiedido Biﬂl)dltalnaﬁa& bxymutathy otighing oft dng cdn@ainanigcon@ined in the metal lines
122, 5 ggr? see %Flgaﬁs ? Ollbs th{mﬁ&e"fl 35643%9%2 Blaéﬁ) Qlta reQSchc&veq:P&{,ess chamber 160, which
enableemavsabrsémg blsa pramite bt s A EDHFEAY P rﬂmys & Big¥itien of § gub-atmospheric

amblemd Bfond i NBRAGTQMBEGSE A vh&haih aﬂlbféﬁml)reﬂlékE e dinichtsi the Hehrimg source 151
may b(haétg%];:eitg Ct)lie é)g]'oges% %E‘é‘%edga) or hla Cfouer tt? gre 5r§§e§s| cé%’rrr_bbrgxre 1355 Elrlrsﬁgh dway that the
beam 142 nehbeindihed wahquemwflpsgﬂar h’tqtlﬁhca@ﬁﬁ therfsating jaircq ! P 1Ry be placed, at least

partlalﬁlt Wit 4L s fp@ét&@ﬁﬁceﬁs&ﬁam 16b Ot s8ihe SR difBt e khe lskbSEateliD? may be pre-heated
1S a

in the %ﬁfr@)éphg{lceﬂevgc}ug? a{nélﬁlgt é(gtisll:)tge/ %{rrth%‘ pé%rg);;edge caxL ﬁagsmgtéuangoﬂbre %%ue directional

heating 621l off the Sietal hees 152 andfot foinmintafirethé wetall lings 128 3t ami edqvatet] temperature, thereby

relaxi h%t(:'o&gm&tQ RE it %%uHE%uJ@ 19 R RShORE AR USE 12D8lpoded® the moving heating
enperature wthin the zone 153 is reached

zone 1y QbHYeﬁhea‘arﬂfft HEPPTAEEr val that does not all ow significant

heat transportatl on W|thi n the nmetal |ine 122.
Cg tFT‘ICI) % emb\édl ortg I % hg'at %gkﬁ&ﬁ&) c‘bm&l& Qlﬁﬁtﬂ& s!%Q 11?9ﬁ1f:1‘?the metal lines 122
3T ar IS A e sighi ticantly der and

are exppagfl tg @ tﬂé@cmgtgﬁ%mb}ﬂnﬁa ﬂmel@r moidee SPbSE?E#aPé mn-oadygf{ Iartrl sfface of the metal
lines 135.1 HEA thik Gurpdde NCBrmikkYga® &t @kt hgdidgBg meknre il inbt€ gd3®] budkl as argon, xenon,
between the substrate 101 and the heating source 151,
t he heating zone 153 may be scanned al ong the | ength
direction 125 and, therefor®, sequentially heat
portions of the line 122, thereby enabling the
currently heated portion to take on a crystalline
structure srnrlarly to a crystalllne structure

o ey 1. i 1. i I Y Y N 1
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way, the size of the grains within the netal I[ines 122
may be increased in the length direction 125, thereby
W@ e@nitéise@nt | y reduci ng the nunber of gr ain bomiﬂﬁsioes(onms
Fer unit length. Faor instance, in copper - o) sed net a g b
Lryptofipr e 1k gy 8? frtreduged intq the pracepsEHRbRT ‘c? i Pﬁ%“‘“’d?”i?i‘ge Form Stb-
atmospHBAicOdondifio@s tonahEsplively obelevath pessem .corditiogn nEhechedy drdatmem tog the basis of a
reducntlgga%lbl%%ttr&g%le PQ’fog'tleﬁt gxﬁlltgng&élly lv&){th Elﬁ%;rgcltl&hﬁg)mhﬁe@ﬁﬂg g m&@&eperformed after

recti on may be | ected be
te 2o TRETE FFESFOIRBL BPLXBFPIo0 Y o EABHAL F) BREGPE=Afs » hovum ambicn,
while, af ok ﬂlu&ﬁﬁvereﬁﬁ&ﬁﬁétﬂ \fectlicitaD line8 $221 divesubjeql t6 it @irdogonklemse heating, whereas,
in othe6 er%bodl 1 s | <riueedtlog£1 %Eani{lé IQ Seri%ﬁl?eﬁ Bhg}go @Ldn@ Hea{ﬁ%yand the vacuum

orne In a su cont1 nuous fash
anbiogt gy PrEBAEE %lyn&;@wbﬁeﬁ%wwheﬁwu nerefie et fet gesmen, which may

includD hddGirecli®dl #6604 @iebti@nil BealinSMPCiindyl b2 Gerip@eidn the Feduding ambient to enhance
Sy @ substantially stepw se notion nay

ﬂwp“ﬂ¥°&pé§$?8ﬂthereln the dwell tine after every step as
well as the step size may be adjusted so as to obtain

a F‘?g%%' 1e %@e&iﬁgﬁlgﬁsh&{s Y &bdnae lbﬁﬁMﬁﬂzﬁh Widwe wlhéfﬁﬂ itlﬁgleatmg source 151 or at
heatlng %Qneﬁ# eral
leasta fpriph B

X
u}:eg é(f ?rﬁalg? gxa %%lya Peqﬁen? azl 8f1 Iielre té)gal %?ah %{:a‘?menpon an extended
“vertidali phiitiguefehd sibstiatad 0V er whichadnabds @rpgqa@qqx of aheclgﬂaﬂyegﬁgqﬁql, }wgtmg zone 153

across T eh@ slbBrate®1 hiBthEERlscAli dir&ibd, @Rt SBY Fi2Gre RE rtlfe%xﬂl@eﬂi d&fcfl(ﬁlrmdlcated by
one or nore netal |ines 122 are heat treated

arrow 4o iseRs: i BEInE AR ] "FH-CBIE B ABBEPHEREE o7t <nﬁ‘?asﬁ°%%t° shape the
beam &S_.’i\dﬁﬂ Ioﬁgf_ﬁdlhkﬁ sHape ﬂ_nel&p/eltlbaé diretiqpe Fat axraple, dterhemigs soge lf’(lhgay comprise a
plurahg%lI cf% ! a;i:c%lrﬁbglis r(l?ott g{o that W 3H{E kgga.rfgaﬁto rﬁﬁ;vﬁle a lpluﬂiﬁ% &g@seﬁt spaced laser

IS case, e scan operatlog ak % 1 ¢
beamstop ghe pt@ﬁg}fqaio Hi Mg@qvproﬁe H_IZBSI?PE@; a B]éra}xté ﬁ%‘ﬁ’fl%?ﬂﬁl&ﬁ@ ws the employment o
two oSBMEMmakiddal RS sodcks)if theTREiRdIdahegyt ﬁmaamag Wubstrags @éh Qf:ke diameters, such as
200 mmfot !;eU é)?m{l/sg g%trateesatlé‘llra}g t egpr}gvf\d]é? ﬁy a %%Te IAS%Z @%ﬁgﬂ‘ %;ﬂpﬁoﬂﬁ&?ﬁocusing element,
such ag @ et tmexibe mmb@d aptbfr epdiofrenclepajical Giber ApRyeduce ¢ fesifiddighly focused laser beam.

On thd difletihd, ?Jslbe\z‘t@ve SpRAALIPRR may b e @R ffididn@AE IR theflakd? béam and dividing the

cal restricted heating zone as
“me?ﬁﬁpgggﬁfgﬁnaéﬁfminstance by the beam spot 153, may
be, at least partially, performed in a sub-atnospheric

a rméu?enff s@em&icXIFCHKR BORIe0Rt solie 591181 AREQ l-z!t&loisﬂu@ rt® Wﬁrﬂ-&er illustrative
the out-g aSS|g% of an contan1n ni{s.cont ai

cmbocB P GBS e B (Ao GE P PGS (Ao chend sgnifcanty
in the SatHps Hikeation, 1vq lticbarertidLb diravdnn il Bigpt hcedhei direction pespyaditulay to the drawing plane
of Fng{eQP GRteilt Hé’%m %nsﬂeﬁ'gd to \My p@d?ah%)r@ meﬁﬁhﬂep 26851 a&\QLt'tﬁﬁE@ Medium 155. The

appropri ate anmbi ent whi ch es eC|aI X mg
het ngns s 1 Y buPe i MR L S BB IOHEPECh f R Bber spropriat
substahﬁa'llyl bk @k M%th@r@fbdhﬂaﬂt the BeattAfdkit medindd il $5nbay bk protilkelgethe form of vapor

of an fl}ﬁ)roprlatepg é ﬁ'elv hﬁﬁnd%l? &t Qen?pg}d&%q%a} §slat gp%{vo&eth@&Ithctgﬁ&rath for locally

rOCGSS Cha e Cou
heating tho et Bline @A Epmsensely i $iEeD )Yy RO ot ines 122, the het
transfFARAiRE ISﬁJyQQM&EQ WhdeARe bl thélﬁl&hlemésQSX, Qﬁ:reb§ Iacaﬂltf R&isferring heat in a highly

efﬁmeﬁtaxfaien?lfgldrleyto t@a ? t cglftﬁcg yo the mg,'t51]11nreTqy2 ang ﬂ% a%g’ ? %n’al nggéaml)ne%gzztent heat. For

Sp eCtIVG proce
supplsfinng tieowe trerwbomctmmt% ontp H@ rr@@blgw @tzethq@itnﬁag}quﬁéﬂ may comprise a plurality

of deffd@a'l hestkeds bﬂnéﬂ&nﬁﬂporﬁtom&g Ql@ﬁg'at@d fzzlY @lﬁhﬂéﬁkﬁé}hing RteralP with respect

o further propote the out sin, in
o the e Perolipricots B PR B BT 4 B p e oy i o Figoe 1, e

vertical dZecaonyl/ Ror exbmplmalsingla lateral fvp nrmbeairovllded] assan jtl@@aa@ nqgple, thereby enabling the

simulf; neguse].iI gtgxﬁ Eu?:;h & mdIRhE % r(ﬁ;')eﬁaﬂhéqgn 1hD Sat @)&Erfs@h RE fhe elongated
eat | gl Urce 151 for_ rai si tg gég.e net al
th

vozzle) JEhe @RpRTBMIC PeFLEHEO Y ivR Goigded HgueplnBe SRt 35 i o ighly

localide@ m@kr AloREME leadthidifctidnN 251k ikHal thediobd operiipaatyievtaSize dffagproximately 1 pum
heat treatnment may conprise a further step, in which

the netal lines 122 are exposed to a reducing gas
anbi ent to thereby provide 18 substantially
non- oxi di zed netal surface of the nmetal |ines 122. For

this purpose, a form ng gas or other hydrogen m xture
with inert gases, such ~as_argon, xenon, kryptorrand t he

. o N A NN
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conditions to atnospheric or el evated pressure
conditions. The heat treatnent on the basis of a
W(D e(li)ﬂ/ai)isgo anbi ent may be perforned sinul taneoqu:y/Um'oDmll@s

e directional zone heatin erfor ter
and thet q"?éan%edﬁ 'gle H]éf’éit lfnﬁ & kﬁk?t dae 5’§ 2 1ag bf aplgg)i,uxaga se er%l u otpeg embodiments, the
heat traf€fer mddiu@ISERY beSireydetiiythbRmp of & lmutdewlhwmn'ca/ Svlabﬁu @figr cooling down. For
instanc%e %ﬁ@tg{ ﬂ)orl%é’gl‘ 1%_1% fal Ba}plpze‘deﬂoglﬁéé’t ih Qfdlrééﬁorﬁfmgér r&?ﬂ%\udet tt?éelocally restricted

_ are subjected t he dlrectlon% zone
heatingzo8¢ ﬂﬁg’ AfieR é}pé}ggt’treptﬁlelgt %polmdlaﬁt%rﬁlg bearemoved y well-established etch
procedit@dd- di recti onal heating step may b e performed prior

to the zone heating and the vacuun1anbient nay be

mai nt ai ned during a subsequent zone heati

Thetill afhereymbodimentse tha deaamtouice Bay FRHer beghity 61?1% Iy e the beating

source Q5 lrlﬁa{i"ceinﬁrﬁgﬁ héﬁféﬁélerﬁﬂﬁdhﬂ fis eﬁan@ﬁtd‘d&ﬁ: {hé Aomasbanhi@radiion) Guisésepted in size in the

I g t at is
scan O{EHréth (El‘ F(.-Qlf)n 2(o§ f ?I‘heé(an%% erlp mgzlg m%é'%b?% L %n@t&t&@ q{;c% as a wire that
connectsd tpeqpamswﬁm/p%mwlx ﬁehestullséhem by ngiating g cyrepy fh’ﬂ’ "‘Wf‘é‘w Moreover, the

wire m 8 Bédipotitd i é}{ dpPRp RO EBind @iteﬁﬁhaﬁha)‘ &i&lsttthe’ihem’édldtﬁm Ionto the metal
y sequentia

reof _is c ured.to en
tncs 15 B A BB P BB RRAE A e e
"vertical" portion of the substrate 101 or which

eﬁbﬁﬁl CShetati cﬁ’rtﬁeaﬁéa% Rbircd 19 As08&kd ¥ Fl@ﬁ&rﬂe%@df heatd B@ration with
zone 1 3 across the entire supstrate 101

continyppyRr §te;azﬂse énofl%{lqy&ﬁ per{oH*réeti opeg, tw*cﬁorrgev&ﬂ, tgners o epefx%{%g upon process and device
requirevheiit. | Habbyda digaice batwien chiedmitivg sdmycedft and me@] lingfd22 g be varied so as to
adjust %%ffecnlt)g tenlgéé)thrg @ A %oglﬁl @élanggé/ne Gasrp ',f[\/{cﬁe%vé'ft Nihe effective temperature may

E_o pri at eam opt i cs (not shown). to shape the bea
stemagisty rrpgognaighe SR IDY SPRIBRY fretoHE e Y GRS FEBEEot whether a
continfo8d or @ ¥@BFde @otidri€eri@Btd. Ng source 151 may conprise a

plurality of optical fibers (not shown) that are

vertically arranged to provide a plurality of closely

s Peithareferonns éa Figreeirs- 26 rfurtispillasypive capadineots of %epee%mn?%emu now be

descnb@& QMho% &HfhllofFlgare Qla bUhéﬁldtlEéﬂy @Iﬁov@,ﬂﬁ b Gdbs-skdtibl Biewd| aSemiadrd@r® device 200
mor e i ndi vi

compng%Fé gtrate%/ #B? ?‘lﬁ‘/én%, f&:ﬂ“ the TEON ONE or maqre metgli’lzahon la)ée?sr 210, 220. Regarding the

energy 1or
charactittiss of dte @sbstyte 39 1.| ther sgpge mtmll?nbr as preselesw easlalgf@ov ifrglespnegig(the substrate

101, AT BRIk {h@l:n%lhzaﬂaMaﬁ{%tZI@ QZG}{IQYép%QIt b&bp}ﬁ:r-ﬁés&g{l@allllzaﬁiﬁ Nayer of a highly
Mbr eover, an a ra usil n(g el enen &J ? q hich
e R} 5 DY R AP PR A BGRB8 EaP Py bl vhieh sy
be forthed o iryApi@epriate dﬂismaﬂ esuichhs gk didetis edtehds@rth@é@mnd Oy *tomrlse a metal
line 21?t J&%Erfx%}@rlzgp ef ?Qﬁyj z}ﬁg %;ebﬁ @her&ﬁ’ %ln?eﬁﬁ 11{1@3)'12%ybb%esgparated from the

COU S[% | aser eam and i’i’ (L:Jizr1 tarlv. th
dieleotfi dayer e ﬁnﬁtﬂ@ lalde ymga%ﬂ? o g1 Bpep cRroriptg dpier [gyq Al Similarly, the
metaulfzatﬁ@ taeeﬁrato 63 cbxyiprfsh G)\di‘électtﬂelaﬁealll fognes by Eyeprirbtiaematetigipueh as a low-k

d1e1ect8? matena It{n]egl 0 Tﬁe dxejl R%elfriye{:#il%%{r]n%r%gg & urglmj‘) 99&&%! 226r11a@ng a lateral

TS ECt | ona] heati n
dlmensmun e avidfisdireptipy Z%ﬂ gvbwb reebroenghegmfe P@ﬁ%&‘ﬂ?‘e Pﬁset'qrﬁé micromefers to 100 nm
and eveR B¢ A soﬁ*ﬁsﬁ&a@d'd@ﬂcesl Moreovére erichds b delink CIbdglNditettion 225, which is

substalalragwae)%en Tuéaﬁ éo f‘.;nh ?alrleraé lrjlggc 1?11, 5&4p elgxgoseci:j 8 Ctu ce of Ihg d¥e[e%nc layer 221 and the

tronchésr2201a56 erveretbytacbatriqelaysk 247 vhigh isfforrmed aa#eed IPY?é %281 The sppdplaygr 228 may be

comper%an B&pﬁ)@rrb? Erﬁ{j odg?%% aleséaterl-gh@at Ii)ﬁﬁfoteﬂ thel Géfoﬁﬁonm? eietdyitbthe trenches
e provided.in

226 ingjy %Pssaeﬁ eeatf“%?ﬁwb‘%eﬁ%*ftl%ﬁfﬁfeaspr nﬂ“’e&giﬁ%ﬂe Lepp “ﬁ"n%e“t layer 228 is
compri§@isof substantiliyalre semndoowiériaias tvil] betdbpesited atthet sptmemiprs Plemdlemml deposition.

155 may be provided in the formof vapor of an

aﬂproprlate fluid having a condensati on tenyerat re on of

Ae dqvige 200 apthowmigFiguiera Mpybefarmed BrBelodeirer ogyes z‘é‘%ﬂ the formation o

any cifd@i0éléngts tihahd BB tha lsullsirade30 1 1B@ metdliinus@leyen? 10ymayiba fringdsin accordance with

enbodi nent, when provided onto the netal |ines 122,

the heat transfer nmedium 155 may contact or condense

on the netal |ines 122, thedeby locally transferring

heat in a highly efficient manner due to the direct

contact to the netal line 122 and the additiona

creatlon of Iatent heat . For supplylng t he heat

Y T T . o A NN
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of individual nozzles 156 or nmay conprise one or nore
el ongat ed nozzl e channels extending laterally with
WO e®paeI32d o t he Iength direction 125 so as to POI/ISA06/011695

nozzl e bar zzl e a int a I
procesy ARG U P PR Gt B oo oL B POl S S B¥brge e
materig} isnigpcgitdd afoeinsidncg agp therbasisvé wplk-establisbed chemiggh V@pb(ﬁg@ttl@@ (CVD) techniques
and/or W?A‘l t@chmﬁlnag f’oﬂp\yed%? QQLﬂcEkgphgllaf]?_déo;g’réﬁ%l dn@ BEIPMShnighed &t ﬁﬁﬁnthe ®dnches 226 in

N ST . LN A i KT
operatif §peeds Gz tke@shed B6 formyd ipehccioadliigimdayet Zjlosamplbsyanmaﬁe pﬁé&t to each other

along tthE~I ?egéﬁ Qlrec dﬁﬁ n?vﬂlé@oﬂ 1?55%06!‘&9 Bl iuﬁgé 7 A80a185B9 Rkl [t © B@h other but

t [rection I n_that the nozzle
orinegra B sion Yo A FABERI GRS 115 AR e IIFEPggbe formed by
well-edtdlishéd s@utﬂsedle@bsuioh Religueskdtorfic layedr tidpbeition (ATAPIg@VIDfand the like. Thereafter, the

seed laHQr%ZQ g%E ?Ar%eds V‘1§or %lstfggg] s Lt{er gtgepfaﬁﬁonmfeg&om&mg taﬁlfsthe like. In one

rovided in the form
particufgf eleborixmqren epopnmbaeqé nrmyalslev Pfdfief’fgﬁlt%faf Bp sedBYsF A5 down.

For |nst ance a nelted pol ymer materi al may be

dir ctlona nner Vi .
| gg%f FVK Czl% éna}cl tsub,ﬁzcte ] %)na tstéeazxn%fnp [ngl\éz!lt%leb}I ﬁ% wherein the heat
treatm¢nt @@tltm?rﬂ?nned ne siplpryfesbion ppeit @pquhed Vﬁﬁyefg@lc? @m@amoy 1n other words, the

heat tr%llénfd %tn%@lb'e shernats HeapﬁtQ&QC{hH R84 layeR 23 ih |a|loc@1‘l}l'h@§mcted manner, i.e., by
odl ment s,

he_heat,i r sfer. h
o LA S S S D 22 6 0 L ot i
225. I@opby s@nsoftieditat reaghesnd3fia drisatling strugtrg n@t&e ssef lpyer g%énay be modified to
educenﬂg n&ﬁl@p og (%{aﬁxcﬁdufﬁﬂnesh%t prBﬁéﬁé b€ Eﬁﬁncb@ c&bt@lﬁne' frutdhe fSCAn subsequent

sy S e SEBTR S S i o
ambienit Sr LrodBiRE hrfttent © agto eficriedypoppkisn@rpdweand dssplptationfof the seed layer 228.
heating the wire by initiating a current flow therein.
Mor eover, the wire may be incorporated into (?n .
aﬁpﬁ“@ﬁb pcéxpxgatlp@]d@w éxe §?’§‘f°§i‘ﬂ°i°h%ﬁ"‘°ﬁ%&9 i3 fugher a Vﬁlg:ccifé%ﬂufacturmg stage.
The dd’v@g B@tcbﬁﬁhs&ﬂﬁe@al bivesile®inalle tlehdhes22d, 2erein leges metaf foroms arsgbsantially closed
X1 nd| on S I
layer ?Buwfe t?le me{a]lglrzag #9 t ﬁlléle ﬁgtg[ IE% ) Be go%ril%h ?Q&ﬂp@qavr\)nd/o? cr:]opper alloy,
includfg ggmmenltseswh dls lgpld, micksk apalladiyar %ﬂdl *b‘h hlfﬂ t e gstel Atfoiay g formed by

electro%fa@r%%lﬁ'e@eu@isb@éh aﬂ&}ﬁpﬁe cl&ﬂ’élﬁr@ rd‘@ﬁﬂstdﬁﬂﬂl@ ,voiH-\ﬁleéiﬁlhﬁg of the trenches 226 may
severa

be achf,egefu I%“é‘ﬂ%ﬁfngepof—féﬂn é)f)vess c I(lﬁl oaglhsguré 8’6? vvee ﬁchlF]ratorrs] s%{gpressors complexing
agentssodithe kel ba indorpeated intp ithe @nstall 229 andayouirbcoppromisd ths @e%m%“ee of the metal

229 d@ﬂé Bb%tatl&m affdbecbby el“hh@ 'ﬂp&lé ﬁﬁHfa@vlenb&J}ﬂenm|d5kgce|16@§s| sB@vn in Figure
Mor eover, er at

. ective te
2 i s PRI AT oy TR g 250 1 promoe utgsing
of con€itatit® bdnkaitgd inhike @fthldaytet 229. Sd@arvvirsipesens Embodimentp dlest liegteireatment in the
amblergc 23%"@? gﬁgs aﬁg Qsol p%ﬁgalt' B UbstBeDb ?B\Qnsfe@iﬁg@%ﬂl}%ﬁuﬁesto enhance the efficiency

reference to Fi gur es L#%t‘? g b 201
of SRS gl opoR S RAT ISP G° BTOHE StB’P‘é“seé’ifn fhe f‘ﬁ(? i O i pubstrate
may bB ‘BHHteBQo 8 espérhtre Gelbw tHeBdreet G@b&athre fd?lagidz{t @re@ent for modifying the crystalline

tructure ?nrratLeI E%}lboé{m%ltso%ditmg%lé%r %ft&‘?aﬁv %E%t 1!519 g%heaﬂﬂge oce&s zat-ld in addition or

sem con nmprisin stra
atermtinal 1 grVSaR SirrEPETIRTIDST M ABbiEn A, BF Frica OGS bawegted to a heat

treatmgx&g) cred GcalFeeaicRl Rt ¥ones Hlaﬁgaﬁet lafgtlﬁﬁrlacﬁlsn ofs5, dshsealso described with respect
subst

SR S AT T
amourkt efrsdtal (n@ledin thimerrt®2allh thisanse.che filhgregess w@e ingepryptphlp perform the direc-
tional %&p&eﬁ‘iﬁ‘r%ﬂttm ghyGphe *ﬂﬁﬁrﬁgasm@&ﬁﬂeh laBRb.1 BlRrehfty, Qlfe fifprétess may be resumed.

scal ed 'sem con

Ths, e PPl of B, mpighi fhe mﬁaﬁg‘} @Bﬁﬂ ?‘f‘?ép‘;m@’ b “él%rf’“"d during the fill process
and als@yter ouRdabsingbil @htamiagntshmayf be abainced.  Jm yongepqrbogimenis, such an intermediate

material, such as a lowk dielectric material and the

i ke, and may conprise a netal |ine 212 conprising

copper and/or any alloy the2eof, wherein the netal

line 212 nay be separated fromthe dielectric |ayer

211 and the underlying substrate 201 by an appropriate

barrler Iayer 217. S|n1larly, the netalllzatlon Iayer

NN o o o - . N PN A
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dielectric material and the Iike. The dielectric |ayer
221 conprises a plurality of trenches 226 having a
wo a00ened32ai mension in a wdth direction 224, V\Pﬁ:Tytismgmn@s

s g et oo he PR bt B0 S Ve e S Sl e
directidublthe:d teatment hiey of meywehpedaBediafiedigeln afteesryipletioh of the sded layer 228.

225, which is substantially perpendicular to the

lateral direction 224. Exposed surfaces gf.ng% £ed to reduce th

detserseniycihy ayisfling o @t ORESEL IBYE HEdmy 56 IPY Redipdifiedio reduoe the
numbePYf grittifidatids ab BYaB6 pRATusyRiesstibedh When thepmvchsiy psiened lggtareatment 230
(Flgurezgai is c-gﬂgmg'de\%% inaéé&ﬁorgilzl%amtmgﬁ sgagﬁmrallo?xg %qungﬁl%gﬁﬂm 935, the overall

er appropriate material that pronotes
efficiengs pasiignifisantly ﬂ@frﬁfd Hhoe H’F ﬁle%tﬁ@eeweﬁeﬂ?é@‘m?f ge P’ﬁ‘a%?” on the basis of the
directishblBSIRERIE eédeleﬁef orshedylakaly flefidsintehi@ncep EQUEE®. strbamrg mich may then
odlnent the seed |l ayer 228 is
stantlally the sane material as wll
be dep03|ted in the subsequent el ectrochem ca
d %&?dlﬂgl 1 nxhefr hﬁsud@oél &@o&g&tsame 31540 Watinéht BBE bHdor 2R tfeishent within the

amblerF g}{figiﬂpr tﬁ 1be¥t tlgﬁtie}le% %?_agn WFIQI% tﬁ)e len I$§'xs(§1reghon Q%t oh thet bESs of the metal layer 229
may bsoriigitd adesth@@bstrate 380 peshei ip famee’lh njagpe FUbE?J@d Wawprfzfess for removing any

excess fmg{af@%e hdYer3SS:. qfogﬁﬁﬁ‘f)@rﬁWb LhREREASHA kRl S gro%s #8/or M¥hbrhical mechanical
be expla' in' e a

pollsm%gtMP) groceéﬁ m@b?ﬁ,lﬁz Prlmg(a ttéar}gqlcfg? rglg%%cile%nrﬁegaﬁ %r%dl'}gﬁ barrYer [ayer %97 on horizontal
surfaced efbskjee 0. fTaereafiors hamabdent 23A niajbe ds@blisked@hd contammants may be driven out of
the cox¥¥§;l hdu? &1&'9 lllhe§ hﬁ@w&&? gﬂ tﬁ@nan\ﬂﬁ%g(:lﬁg@ ﬁx' ohé QﬁboﬁlglV@) the heat treatment may

niques and/ or spin-on techni ques

be perie CEMHBIONE! NOUTAPRY OBl B Bfok WEh AP P fefen 225 o
descrifeh ﬁeﬁlblﬁﬁﬁhﬂa&ef&ﬁl&e Itd’lFl@ll’ﬂﬁ 1dile| Betby) the heayigmtn2@Imay/As performed within the
ambleIR 2%/ to ‘ lgme%%l(g;l ﬁxje{ﬂgtg ’theI qt—gagg\{r?rb%%gménﬂﬁaﬁgr@ﬂe% lefe%étﬁlg may also be

ating speed
perfonpqdéqa] gxhlgtgm PEFulfst aj zhspf:qa,f@d ﬁ@faéqdﬁqng)gr?ﬁu@ﬁhrplg&}% the %ueaqu@ctlonal heat
wreatm§®bst antial ly parallel to each other along the |ength
direction 225, while for instance the netal Iines 212
may al so be parallel to each other but oriented al ong
t Hestilliother¢rbogdimgy] durig the filljng it efmeiahigtot throlings 22¢¢ pffer ghe formation of the

metal TRy 812, 2R tretaﬁ%nt%rble %érfohﬁ?&i Eih wARK thmﬂwaéQO(ﬁ RleRpdekd Ry the vacuum ambient

235 foF é%@;}l%g(tgtg%‘g%}j Ltiﬁ; gx%@vg%oars]ré ultcﬁg at gnft]% lr'l'c]uz Epé)aqpflge gas mixture as
specifitddbosete durthayemhanébZtBe preiyy df ehefnaptalnbinks 392. lihepmq erefiogimerss, the heat treatment
mcludu?l? Et[ lga%{ OIQ%QB %Jl&l'tﬁénvagtfumednﬁ%htr 23'5 %ﬁ@a mﬂﬁ@r' stg valag r'é(hl@mg ambient may be

{
AL WAL Y XL L T S ST,
whereak 1€ bi@feinBddimenti Ghdlend le@ing B8y temitled vébihenipedentapt ia cdpdwptivity due to an
wherei n the heat
emmm?ﬁgn%ﬁ§ﬂinﬁggﬂfg§%%§¢g% &ﬁg?% a simlar fashion as is
described with reference to Figures la-1f. In other

We4 BiSer etnB&i@AR] thé ﬂ1€18&t1ﬁEHE\5fer 283 Gty cdprigerok @ lavekl mbterid sadh as SiCOH,
MSQ, %&Rl L dtttllqeqlkg %%%h m%(Yr%egtlﬁ gx%%lt?]a re?uchPrﬁe%Mn%al sEabiti 'érlaﬁér %;imation compared

to wellﬂ@squdkﬂe@bcwa; Isrwh ef wicom éleXl@ee ﬂ\mngwcegd fikicon f‘l°X1Wn pifigon nitride and the like.

By heat G Y nRlaORGs bIYe mk ARBLH: Hidk 82t nBNalsd2dB treehl&llﬂ Gt€leastl the vicinity of the
metal g:?e? %22[ Sline h?wa?ﬁ ¢ g‘écrélaep?({ag&nt ct%ggdsh%lclg sy tlsmé ﬁ‘a cl'lnfesséré\a% be improved, as the
hardnessedfs@ee Ibid nmtenible maypfignifioatly ityvane dpon t@stmb!y Wh,cqu ighitangp, @ fpser beam. In
some QPJ&QH&%Q id é‘e%{nﬁzln] e lilcft IWe? Zfloﬁlayt lgéepéfdxb&@ QH %Eﬂstantlally all exposed

e T B0, e PP R b R g o sy of
metallizith laya Bldkeitiudg losv-k didkdeic igtedaldi ent so as to

ef fectively suppress corrosion and discol oration of

the seed | ayer 228. Figure 2b schematically shows the

sem conduct or devi ce 200 in3a further advanced

manuf acturi ng stage. The device 200 conprises netal

229 filled in the trenches 226, wherein excess netal

forns a substantlally closed | ayer above the

. - . N NS PN T | "~ N

illustratiyv
&
be i unprove even mo fg %
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be achi eved. During the deposition process,

contam nants in the formof accelerators, suppressors,
w@owphesseng agents and the |ike may be i ncor poP@r/es2006/011695

into the netal 229 and woul d conproni se the

performance of the nmetal 229 during operation of the

d e ipeeio@BCexpldinedsyithireferonse toj Higuees fl¢-be; the beatingorouiicerdieh as thigource 151, for

creatm% QXSS }%chlg %esc‘thg\ﬁﬁ' s&aﬁneﬁ'aﬂh’é tﬁe }% il &e&%bﬁ%@%rdvﬂie @n irradiation beam,
treatnment in an jne

the abvg%l%?ﬁ vg\%lagqﬂhuszwglg)set gﬁ%?n% at gmsfeé way. %%81% %eam characteristics such as
wavel@@tﬂtﬁhﬁlcl’ea{rlétgy eahthailive d Fonexaiple, nthd ahveleagtieof 22er source may result in a
moderyﬁl/’ gl%%f{%{ ECtxkziQy &pﬂﬁaleﬁ{g&grl IRALS the LGl e 3 erdete AbiFRR tfroinrihe beam to the

desngnedtoaso preh at tEd tional heat
metal. TS i1 e ﬂh'emﬁtl’(eoemm@ﬁ@ﬁ% ? PRt IR Y Y B Ftfa G directionl hea
treatm&rlﬁemfefefnl thd eHayterdficsaof Shehip@ariasty ldyeadre teleetad semt to falow a moderately high
i 1% stféyfo tﬁ%aé ly#g Rhetal.
o R B MELS Ly S R b, e 2
t enper at ure bel ow the target tenperat ure for a heat
t repatems @&hefrlélfcalmﬂ&\’f/sﬁhd'l@vf%hﬁ)o&&MSﬁeadbb\i'eREscﬁteﬁ Befuetice for kamoving excess
mateni(i)lﬁ)g %r n’gggfl anﬁegeé ?Hoe é‘gnglgtkotglﬁ d ‘Jt%asggr la§lert2‘§g nﬂ;elhgaq ltansFenolayer 236 may be
comprigpc of mwaipmlvmiav dietsctrie wetpril, pigh ?WO’E}'H‘BV-W%@% e fike, bving characteristics so

as to a‘lﬂ@ FdMion2B2 beatn¥87,G@h &Qleﬁé}x@d f&&)éaibe h&atiky B6é £, Wiach is locally

restnc%g Hletget lgrtrggﬁrgre{{ﬁgapte ge G etgrte?%gl& ?e%%en %&% ?ost}ler gvsgggﬁ)hbnee %% i*"lglge 2c¢, while in
the lateleiSigeckitnead4 whqﬂaatmescpe@"tS mhay sifap ger eplunlity Pﬁmetql Hines &3%e Wakn the beam 237 is
comprkgheo?f & 150d! JFERLifed \Lak}aer@ihrtﬁ%fcﬁﬁﬁ|and'\ﬁ@$xt1ﬁ<ﬁ1@@<§o@ﬁ91%nt OBe heat transfer

erformed after a certain
ey 3 e TGRS £ 1o ARGt eE T TR By e 236 ma b
formed @ dcddbdatide With el e0abfighed dappsitioh éeclhiquess such enBEC R apin-on techmques and the
like. Aggquﬁa:hah&p tl?e%atqggtﬁxgﬁroh%?eeoaﬂng b&h g@%ﬁl'b@ %grformed to modify the

erea ocess may be res g heat t f
crystafipgsiructurh of tp jrseblines 732 yn BiberteBodRATE) Vo bR RARETe [Vjayp heat transter
mediufnl hd i€ destmled hvith Irdi’f&&lcelﬁa?lg’ﬁ&ylfbtﬁe pioyasiay eftthdheai tngsferhi@yef 36| may also be

advang% ggses S qn dduae[:ts (%n{aa of 0th he%?ﬁ?ns@rg mgémlﬁ %t!hatﬁ@ ﬁl@tglt fineiBY2 is prevented.

2Bt &
Conscgyets ﬁﬂ)@arairtse@ﬁ ieeteringfer metfuri cigh % tsvpéaleeﬁw éf@tew\yorwa% be used without
adverdel) @ffec@ipand hdiB k9 2@Nhance the overall efficiency.
Hereby, a directional heat treatnment may or nay not be
performed i nmedi ately after conpletion of the seed
| ajgare 222G emonllyshpye titeldyvice2Plafier trestempyal of éhedeat tiensigr layep?36, which may
be acc%gﬁlsﬁ@atb? LlnyI a%@ﬁna?e %1% »U@lyesﬁflﬂ‘sﬂeg Ee@tﬁﬁcfué/ si@ ai‘@cﬂﬂoﬁb @tGiuﬁnglasma etching and

duce nber of rle

the liks, JRHrigg §’P‘K/ afﬁég’é FPRYE. ‘%\f\ﬁeeif}att tﬁaé‘g}f)'r I%V’ ar%’f'ef’to Fggprosenting a sub-
atmospt@fd anibiegieds reatun2BfbidpFingibe estBtished ts pmmmb the @dl-gadsing ofzany contaminants that
may h%%ﬁg%{léégﬁhritgﬁﬂ?%&g Qécﬁm micAt @%ﬂgs@ﬂ)n %@J}guﬁnlg %elf%gﬁoh and removal of the

, e overa | Ci ency, may _ + lude a reduci
heat CgRSEIETF Etin A1 BMEEFEBRmE s REAHB! 3P BEY PR (odpoiade a reducing
atmosplRR IS fhriheenihcihdtRe piEityak the AQaldiRestbe basi s of the

directionally heat-treated seed | ayer 228 may al ready

provi de an enhanced crystalline structure, which my

t hitsna vl tho rmospent) invension Ro¥ides e tpohaiaeenthatyenables dksr fammagion of metal lines of
mcrea%@%ﬁmbajl Mfthatd Meraeeedi eat Ge nfeﬁExs hesided wintiheittd gafly and/or the

crystaﬁi&% of ﬂ}ee'ge(%ﬁfés:ﬂel adgng f,qléeomodlltygrhon 0 the rést ?lﬂtj]ty %n%? 2% e?fg)%{eg QE fhe basis of a
heat trogimént @xclbding the Inhtinglofa hyedllsn Irestlng(ybqoneg gzgerpmyle Ipsallyhpgtedezgne is scanned along
a leng&%e&lbigofgmé‘l B0 AeBRe B3 nSRRWGE gkaﬂl HoluShdie in’his BBKtdHE Moreover, the heat

weatmgi v o e 2 BB Pes Bt PR R B SR REr g vid s b
treatmie @ AI0A/b-atiiogphaR aimhiat/ Ovacmmehbinntead a wbciha mlgent topoinioteiviuigpssing of any
(CWP) process may be perforned to renove the excess
nmetal and the barrier |ayer 227 on horizontal surfaces
of the |ayer 220. Thereaftédd, the anbient 235 nay be
establ i shed and contam nants nay be driven out of the
corresponding netal lines. Mreover, at this
manuf acturl ng stage, |n ~one enbodi rrent the heat

.. a o 1. .
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anmbi ent 235 to sinultaneously pronote the out-gassing
of contam nants, wherein a pre-heating may al so be
W(pe(m[s/oosmd to maintain the substrate 201 at a BEEUR0E1695

| eva e e ut Lhe, [
contarnﬁ'ggft W] t!fnéglf }anﬁflqna‘% UI{'A ?1%?“?81‘ € glrmerét%fﬁl (%Prﬁél rt]lﬁlglerg é:& ??% lasgagﬁslhed during a
first phge] off e chedt freatsentrastdal redupipg amtfient fupessestplishedin & paognd finplephase of the heat

treatmdn) r\ﬁﬂaxte%notﬂls ngattth:@tmglﬁt iadludidg ' Sead 2Bose Awd) @dbierdts Maf BE Pérfofidd without a
ornme

[ 20
s PR R PO e i HOUREEF P bty ARBTTE e peging may e
performeg, tthleast paxtplis ettt be qaquerd wwbieny kammeémlshﬁﬁl @W‘Hnat least partially, with the

reducn@%ﬁ&r el %%stﬂﬁ&e&n X§ HESsc@dBenSd) 81 Irdsis@fibe QE«Q{\éﬁel&oﬁo fabll $ed8® migration and
enhance t urit he nmetal |i.nes

ot S RIRB G (P HAD PhAEPRE T R Y 5 R oy e
the relisilitp ofisethiconthingorsiadwdingingrblizeiot ag86 and a further step

with a reduci ng anbi ent nay be conbined with a

di rectional zgne heating as also deSC{Ibed .aboye mn% dified and

r dPeragiular iodmenty dislored 2pave aif dUBTaGHB Y% M REPILRLIAY Py moditied an
practicéd ik eiffexeﬂ‘mmtcéqﬂﬁMSmanhdmapﬁnmtohlm skl_rligd imehy atd bavingithetbemdfit of the teachings
herein. (ﬁrrl:xz}ng) dﬁ hg.?[ogegseﬂ%g gﬁ% Ifcﬁlth ((;QJJIP H’ﬁ%tz i)ev ﬁe%mg@ & 4 888t order. Furthermore, no

Ines_1s considered
lmumt@llﬁfaﬁ iptersiad to theﬁeteﬂswéwn@w%a PrispigshereiiBov ahes dhap pedeporiDrdyin the claims
below. 212ik tﬁe&yor@andam HERF $hé paicolhr émbbmmd@ mroe:ﬂ aigve msyigtaltésd or modified and all
such v%r%aﬂons afed co:{n?idrer'é_:% u%i:ﬂés' hﬁg% ag %ndf: A 1t 2 t a i’n e}ﬂ’?{/ a#éc&ﬁkﬁél? Qﬁel Motectlon sought
herein fs@s sebfoitoin theglajpabeldwit o mell-approved di el ectrics, such

as silicon dioxide, fluorine-doped silicon dioxide,
silicon nitride and the like. By heat-treating the
metal lines 222, the dielectric layer 221 nay al so be
treated, at least in the vicinity of the netal |ines
222. In this way, the nechanical characteristics, such
as the hardness, may be inproved, as the hardness of
some lowk materials may significantly increase upon
treatnment with, for instance, a |aser beam In sone
enbodi nents, the treatnent of the dielectric |layer 221
may be perfornmed on substantially all exposed surface
portions of the dielectric |ayer 221, thereby
providing the potential for inproving the overal
stability of a netallization |ayer stack incl uding

| owk dielectric materials.As previously expl ai ned
with reference to Figures Ic-le, the heating source,
such as the source 151, for creating |ocalized heating
zones that are scanned along the length direction 225
may provide an irradiation beam the absorption of

whi ch and t hus whose efficiency of heat transfer may
depend on beam characteristics such as wavel engt h,
particle energy and the |ike. For exanple, the

wavel ength of a laser 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 ments, a heat transfer |ayer may be forned prior
to the directional heat treatnent, wherein the
characteristics of the heat transfer layer are

sel ected so as to allow a noderately high energy
deposition within the layer, thereby providing an
enhanced heat transfer to the underlying netal. Figure
2c schematically shows the device 200 after the

above- descri bed sequence for renoving excess materi al
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 polymer material and t#e |i ke, having
characteristics so as to absorb a significant portion
of a beam 237, which is designed to create a heating
zone 238, mhlch |s Iocally restrlcted in the Iength

L P " g, I L
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the lateral direction 224, the heating zone 238 nay
span over a plurality of netal |ines 222. Wen the
whe@a1@370 i s conprised of a | aser beam of specPET/E882006/011695

wavel ength, the thickness gng,fhe extinction ‘

coefficient of the heat tr | ayer 236 may be
WHATBCGHMER0 as to absorb a high degree of radiation

i Nt ensig MetholN@mPp@dl: transfer layer 236 may be formed

in accordance wth well-established deposition

t dathmic quea] lirs U thin agielPE/Byer $ldiofia mpaltimtbmlguels semidontipeor device 100,

like. After the formation, the heat treatnment on the

basi s ¢#id mhel liyeextandinzaleng g lgggh ﬁ?ﬁ‘?%rl?\%dndt o modi fy t he

crystalline structure of the netal % g .otper -

e REGUTIHEA P TR A EY @ TP RR EPRY PO g i 128 108 BRfy soqueni

transfer medium as is described with reference to

FlgureI?Pn ‘the provision of the heat transfer |ayer

236 may al so be advantageous in that a direct contact

of the heat transfer mediumw th the nmetal |ines 222

I @. pr eviaainetlod (Eolpiael] wirdrtih Sormidg fpldiniegdl lideyl 12 fonipeiges forming a trench in said

transfer medium such as super-heated water vapor, my
dielectielayes end filing hoditrenglowithyssié ogtalaf f ecti ng t he netal |ines

222. Figure 2d schematically shows the device 200

after the reanaI of the heat transfer |ayer 236,

i ch e ;@g Eﬁ (% l?erlleeug at l?e\ést ?Y{tlc?lp cE Ea? %étﬁtlsq‘ﬂl@&ﬁl bfYI an electrochem1ca1

- nlque as Isotropic etc
deposﬁ!)rﬁg'c%q&t\&m 'eﬂ:gss %Ql ﬁnlﬁ%d 'aﬂo%@sald%[al Y 2 ehetid 80 h&a!ﬂ@eatment is performed
renoval of the heat transfer |ayer 236, the anbient
prior (2 RRoViRhRASRBEsIRE@L a Ssubat nospheric anbient or a vacuum
anbi ent may be established to pronote the out-gassing
of any contaminants that may have been incorporated

during the el ectrochem cal deposition and/or durin
t He forframeded ehrlin drdomsin f@ﬂlgfmeldﬁe&é cwpaff‘s @PSW“WgPa“ a portion of

said 'Fl?é@ bg-ery%lg?n{o%:lggncal deipﬁsg}oa opéocgss aéx d Crlnoxhng xeces{s:mJO éa‘r:f e&e*vos%e% during said
electro h‘l nltlclgleJego%Plgl?ﬁ&lh QQn(I \pl%reﬂxl“sgl.dthyat QJatrﬁeHﬁs &ﬁgr’ﬂled Lﬂepx%ﬁlov?tgg%md excess metal.
present 1 nvention provides a
t echni que t hat enables the formation of netal |ines of
i ncreased el ectrical performance characteristics in
t rat t hehe mRthad of Gaifp 1l pwhetkitperibintingesaild duoat drelatipent cdmprisg diresting a locally
the crystallinity of the nmetal is nndif[ed. The ' ]
restricted) i efzet fleath onf oftrpration gusltraftickenpritg/a ypqs@npé sFid mblingfnd creating a
the basis of a heat treatnent i the ati.ng.of . .
A P BB F R T EFLRTELCREAPSGRY (EhATER © madie
% Km ?mm& wﬁ?eﬁgg g a Iength direction of the netal
Secong ROREN £ 4°F number of grain boundaries in this
directlon. Mor eover, the heat treatnent with | ocalized
heati ng zones scanned along the length direction may
efd ect itue hgthbeorcloids, Rdeindatdielstivl @ationtis asalistmiully cantigquous motion.
sub- at nospheri c anbi ent, a vacuum anbi ent and a
reduci ng anbient to pronDte out - gassing of
anycontaimaits withffl'the netal 'lines.
pal t i ¢ ThamebedhRl g hereinsaiddecallyrssicts BFHm CﬁﬁTSBsea laser beam.
established during a first phase of the heat treatnent
and a reduci ng anbi ent may be established in a second

fi A al @?n%thQ{ ottcf:jaﬁn @glﬁxtﬂ“re; go%LMmuWeﬁl ﬂnstfémlaglelj'@@tabove said metal

treatnment 1nc east these two anbients may be
line 12§kibQ6 BRGinMsdiRbHILy ﬁstﬂét&ﬁﬁ&h sfiedidzenenddeat i ng or nmay be
conbined with a directional zone heating. Hereby, the
zone heating may be perforned, at |east partially,
wi th the vacuum anbi ent bei ng established and/or, at
| east partially, with the reducing anmbi ent being
establ i shed. As a consequence, the resistance agai nst
el ectro and stress mgrati o and ot her stress-induced
mat eri al transportati on phenonena in netal |ines my
be i nproved, thereby also increasing the reliability
of sen1conductors i ncl udi ng netalllzatlon Iayers The
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practiced in different but equival ent manners apparent
to those skilled in the art having the benefit of the
W ewehi33gs herein. For exanple, the process stBEBEUSHEDG6/011695
];:%: ;[: Ee r OV hggp % IF mﬂéagm%?rgzgrg %sfnnre%o d%%%&%ﬂ 'iran%f\legﬁ;er 236 after said heat
treatmagt AI | S of constructlon or deS|gn herei n shown, other
fhan as described in the claims below. It is therefore
evident that the particul ar enbodi nents di scl osed
above may be altered or nodified and all such
vdpi at iThametapdeofontairs i9owlreenin saidt hyitad liph &l 2sie epeseg frjons 9if @ jsgb-atmospheric
of the invention. Accordingly, the protectlon sou
amble‘ﬁé?‘e? Yﬁcw SbiegbheI PRI SF BB 6 PP %Wt'gassmg of
t %E 111 A nmethod, conprising: formng a neta
cm“m?Wﬂéufﬁ mellieqyi el ectric layer 111 of a metal lization
| ayer of a sem conductor device 100, said netal |ine
extending along a length direction 125; and perform ng
a iheat e eRtho®BE clhith N SirlherfookPARIR E&bosing saill Givgpl sisd U2 to one of a sub-
l ength direction 125 in a tinely sequential manner. 2.
atmosphlardr ambtelimod ofacwimaimbyiedt to pubrastedut gfsengnif neptagddants imstid metpljling112.
112 conprises formng a trench in said dielectric
| ayer and filling said trench with said netal. 3. The
ggl}:zglod meﬁ'h?Je%P ﬁﬁn X;Cw eﬁeuéfaé Cl}ePt%re remliﬁl";t1 (1: aq%ltﬂta'mecp wﬁ)[e salg metal line 112 is
chnpi t ve sald netal
eXposﬁdGeo a O%écj&\%ﬁ\q%} r egmc%b( %gé%ﬂb%gga?lh t fr’aggl{x?rr%ﬁb?eg?s per f or med
prior to renoving said excess netal. 4. The nethod of
claim2, wherein filling in said netal conprises
daposi tThagethidd dferit 11afupins tingrisiad expasing saidiethl lipy 1 1dro a reducing ambient
el ectrochem cal deposition process and renoving excess
after eyt to dahers of ab-atmeipheyic smbient aldavequpp ABPFEal deposi ti on
process and wherein said heat treatnent is perforned
after reaning said excess netal. 5. The nethod of

cl %I m ]T he m %r(e 0 claD erf O!?eggmniqidslﬂl%gtqregﬁ% i t%% o%llrectmg a heat transfer

conprises directing N N y restricte
medluhlqﬁﬁ)caﬂy%stﬁétecf ﬂﬂh@gﬁtpﬂl)c@t{bq oP@fdtlefal 3. onto a first
portion of said netal line and creating a relative
notion between said locally restricted beam and sai d
metal line along said length direction to irradiate a
sddond The micitod of diairc &htwheminswaid cheftj tragsfer pagdivimp ppmpgses ?h‘épor having a
method of claim5, wherein said relative notion is
condensgfi9g toRETPICI! PBIEIMARS CRTePROR]s i target tepperatiig OHiY bt treatient
claimb5, wherein said |ocally restricted beam
conprises a |laser beam 8. The nethod of claim 5,
further, ¢ % %FH gfornlng a heat transfer layer 236
above sald netal [i"ne 112 prior to directing said
et lifd 100 @fh BEAFC WYt 15 Binfled BB a shbstte Gmprlsig a semiconductor
netho of conprising renoving said heat transfer |ayer
device2B@ after said heat treatnent. 10. The nethod of claim
9, wherein said netal line 112 is exposed to one of a
s trferming ﬂméifqa@neatrfb medifly a srysfalinosectmt stibmertinpdfard or

after renoving said heat tr ns er er 236 t
o lﬁ;poélgg §ﬁ1 et%%n%blﬁttoaqﬁaﬁ% reﬂt tg 8ﬁogo%glln élasmlng P]to cog)tamlnangs in said metal

line 112.

17. The method of claim 16, further comprising exposing said metal line 112 to a reducing ambient

after exposure to said vacuum ambient.
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11. The method of claim1, further conprising exposing
said netal line 112 to one of a subatnospheric anbi ent
w@naeaossacuum anbi ent to pronote out-gassi ng 0OPCT/US2006/011695
contam nants in said netal |line 112. 12. The net hod of
claim1l, wherein said heat treatnent is perforned

V\'h l e %‘ﬁé d ﬁr%toqlcla %f&ewﬁ&%l é il fg?ﬁ%é\tﬁlgrltkgnﬁ@ésq Igﬂﬁg Qlfoceés designed to

sub atnnsp eri c anbi ent a vacuum anbi ent .

vary a REbdase Qt)ng(hll %@d&é’etmxﬂc ot Eildlﬁd'tal GRS inSi tiﬁ@ly@é@ﬂ&ﬁlhlﬁh@n&al d

metal line 112 to a reducing anbient after exposure to

sald one of a sub-atnospheric anbient and a vacuum
ambient. 14. The nethod of claim1, wherein said heat
t Aat mBhe mpthodpefrofaist M aherein qhid bast iresiment ik @aforpqd gh opsh fn part while said
mediumin a locally restricied mannper onto, a portion

metal lt’PF IS SXROFPd it ppst P‘?er?ég{‘“dl"éw“ﬂf‘ﬁ’@ ‘Ffﬁf“ﬁ‘&&‘g EFuLESPRIY 4,
wherein said heat transfer medi um conprises a vapor
havi ng a condensati on tenperature that approxi mately
corresponds to a target tenperature of said heat
treatnent. 16. A nethod, conprising: formng a netal
line 112 in a dielectric layer Ul forned above a
substrate conprising a senm conductor device 100;
performng a heat treatnent to nodify a crystalline
structure of said netal line 112; and exposing said
netal line 112 to a vacuum anmbient to pronote
out - gassing of contam nants in said netal line 112.
17. The nmethod of claim 16, further conprising
exposing said netal line 112 to a reduci ng anbi ent
after exposure to said vacuum anbi ent. 18. The net hod
of claim 16, wherein said heat treatnent conprises a
heati ng process designed to vary a tenperature along a
l ength direction of said netal line 112 in a tinely
sequential manner. 19. The nmethod of claim 16, wherein
said heat treatnent is perforned at |east in part
while said netal line is exposed to at | east one of
sai d vacuum anbi ent and sai d reduci hg anbi ent.
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