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STRUCTURE W TH | NTERCONNECT COMPRI SI NG SI LVER AND

METHOD OF FORM NG THE SAME BACKGROUND COF THE | NVENTI ON

wo 2fok/sk34OF THE | NVENTI ON 5The present di scl&qmsg,[,mmm
SERRBRFRIbY sﬁ'ﬁ}ﬁﬁﬁé wk E@an&ﬁﬁfgfgf%mﬁgsﬁ ! i;JEgr Whron oF

FoIMTRE Uik SsamaN nore particu orrm [ on o)
el ectrically conductive features connecting circuit

el enents in integrated circuits 2. DESCRI PTI ON OF THE
RELATED ART | nt egwMWe ahl ar ge
nun‘qﬁ circuit elenents, such as
Mu tors and resistors. These
el eMBNLRseA! EscPRRNEGESY rplytesn?}qnas mgrfcat%l] %gtr(iégpa@hlcx’cm% and, more
conductive features t0 formconplex circuits
pamigiagp. o dheVirgeisy of giiciif i ces fands fhGHRP LRGSR SISMNE -in m@ﬁated

performance of integrated circuits can be inproved by
Cirffuier easi ng the nunber of functional elenments per

cir [ e the circuit's

fun% b RIIP[BI &EMMea& ng the speed of

opehdelaR cRbiitst Bfprl G4 tnuﬁtl)e‘? B RhiSictuaf LT QOMG eh O N s transmors

feature sizes afows t formation of a greater nunbe
capfito rdetsistors eTiesRRnsnt0Re dbhlecteﬂamaea&{ @ BlectrkBY RO tive features to form

increasing the functionality of the circuit, and al so
COPRYILAET Y %ihg‘ﬁdl‘eﬂﬁfyo@algﬁ&t iogin defistsaaps misrgpepsestomk | By mrirmance of

[ eas. of o era%ro of circuit elenents

mteﬁmg:d CiBCtJl?S can be :mprove(P i)yAgcrera%ngt cti 0ﬁal elﬁlpf*éuarpartcgam in order to

incfehsk G lck it @ﬁﬁcnﬁ:@aq{y Q&G bf QIPrQa'sﬁg heatads Ep%&mlog#‘ Qirdh glemems
required in order to electricall'y connect the circul

redadtien@ritaBireOlzed d@wsl it fe@iacth@ta Gledie® dintbsr. of kcu elgh@BtoR khe same ares,
nunmber of circuit elenents is forned on the sane area,

"e"ic‘t i“%ii“gb'é? fynaigoadd ibypi W ﬁ*@uik e gserequpieg sehindersrigoinsdetfs, thisanaking an

mcmasc otIIhe X JtOfX cond IJ F f eat urles 20in order to

aC CONToL FRENE Céé‘t“ PR ®Enduct i ve feat ur es.

Addist fRakideYin uﬁégg%& [1}091@ue¥ed&9@ %Rgtfc;}{ t%ﬁ@z{%ysra% rqu?e\ﬁ in 0? et to

formed in a plurality of levels stac
eteqrichi@rconnect the circuit elements of the integrated circuits. If a greater number of ¢ircuit elements is

formed on the same area, it may be necessary to reduce the dimensions of the electrically conductive features
in order (o accommodate the electrically conductive features. Additionally, efectrically conductive features
may be formed in a plurality of levels stacked on top of each other.

In modern integrated circuits, efectrically conductive features in higher interconnect levels are
frequently made of copper, 1f, however, copper diffuses into a silicon substrate wherein circuit elements are
formed and is incorporated into the crystal lattice of the silicon substrate, deep impurity levels may be
created. Such deep impurity levels may lead to a degradation of the performance of circuit elements such as
field effect transistors. In order to avoid such problems, efectrical connections between circuit elements and
the first level of electrically conductive lines are frequently made of tungsten.

A method of forming a semiconductor structure according to the state of the art will be described
with reference to Figures {a-lb. Figure la shows a schematic cross-sectional view of a semiconductor

structure 100 in a first stage of a manufacturing method according to the state of the art.
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In nodern integrated circuits, electrically conductive
features in higher interconnect |evels are frequently
made of copper. If, however, copper diffuses into a

va) togemssaubstrate wherein circuit el enents aeekannmedses
and is incorporated into the crystal lattice of the
Si | iTeonmBendstor situatyre dEEmpiRBUN dubsytaid €M elTse Wayab &1, HMich may, for
created, Such deep inpurity levels may lead to a

exl5r A BIBftS BWO%FOWPH@* DEF ertmeistorgf2. chhe 6%4 ffees Iff@mfé@ft?-éz comprises

dni%Ch as f#eld ef 10nﬁotr yawstors In order to avoid

whre%)?‘nolg & SOUICE rcig 8 an(je‘ heﬁagx&{q9 Hb“ﬂ‘é? %fé?f“‘tf?cf"’erﬂﬁ Tethods

ectrica
acmﬁildﬁtg%nitegta@@ﬁhct dEuhbekih HE rl@URL 1 Qi8] BEL L IQ%J Yansistor, the material of
conductive lines are frequently made of t'ungst en.
the Autyetch®dl mof bf Bddpkdgd Se S@NT: @RS UGBt Bd he ki Gdgldk €09 may be N-doped.
according to the state of the art will be described
Coersghy. f”é“—f‘@fl’é?ﬁ%‘é“dt“éaﬂpf“@uli*eé@dsla“aﬂdm}: k9. theplagaf be 4t vehersin dpdieldeffect
:ralggtgzt [?%ch ta S’rtyég g%%st o ettcl:etactfve :eglfm g)? gué)ébeé\?doge% mﬁ:ﬁiﬁltofpag%ct%ttﬁg;)ﬁ 6)8 as well
as HELHOM:i &G Q4 t [
e oD B4l T, SN iRh s b additan el betwpen e sure
regpt # aibdrheac Gz o MPrahde Sn BteSddbistwiea (Re ddhlregiohn 89 SlS Lkidt&ion
101, which may, for exanple, conprise silicon
'%%onprises a field effect transistor 102. The field
eff§ct transi stor6§0 nprj ses an active region 103,

he field effect translg]stoi gﬁl&r ijfaiaﬁ;atfz 8& rgflﬁ !(iso@nke W a sidewall’ spacer

a source reg

stru@ﬁsl@nw £a s@gratm%ftﬁeckﬁ”e rt%gm w cll e %89595}191(}60 ttg%h isolation

state of the art wherein the fect transistor
strut@2 1P4praviesNHieb i@iinduladin DeiSEed fhe fi E]hl effeﬁﬁrhﬁrsdoﬂﬂoz @l oths clidd€ elements
substrate 101 nmay be P-doped and the source region 108
in ‘%ﬁfa“ f%@c‘amwrer 1801 Bn it Odferrngnsipier IR wropebimeChmrersohyhods wel

W nuf act ng nmet hods according to the
o] FERTR 0Py (e Py R ey Scn pmiatedy dpotion,
phoﬂeﬂ@oglr@hyaeu@m&%Q@atltar[a@@ﬁlhéhr%r the active region 103 may
be N-doped and the source region 108 as well as the
dr ah hydr eficdndiclD@ic magtiabiedeRsthapetthe sibwise 108 Fbatdr m&iagr bo@Brise

provided at an interface between the source region
snlio_?@gm%qqomitc%ma@tqnq@ spl@@ownr]g@gndam by fornegd by mtvey f eoevn deposition

techﬁgﬁggﬁuch as cﬁemgcrfalauflﬁor ep%sn :oa {égg aPngxﬁ@ C%eg\rﬁlﬁaT%gg\%ﬁﬁp ldﬂ)és[mon
(PECOPPIA GRS eR 0GR l@ye?l 18 Gt Qedg@eat’\l:plﬁdnf lh@l@fk %ﬂthp%éte%le(%}o&tewl Jl\fte: the
spacer structure 107 and separated fromthe active
deppseign onhel®B 1BY: adngatpRnaripsion Bick@udh ay @EmidD BechAich ARG (CMP),
i solation structure 104 provides electrical insulation
MPE PGB PrBalR § Ry sefapecthe breahi8i stor 102 and ot her

cir nthe s nlco I ructure 100.
The H! bt Wg ary g%t% 3 ST B 11?52%’%’% b PR obY O ging
the Qfer etheas ex\&%l dn ol ke %:l§ %eﬁ%ﬁ}ﬁs%ﬁm&l&k Il lll elch iy at‘eh(? beafgrtm:d i3
i ncl udi ng advanced techni ques of ion Inplantation,
forngte pgsthd sk mimndyplrotraduird 00 Gy spiryf knediCildLng, of ExdoklBiafy. 'Eﬂad"iﬂer, a

anneal i ng. A layer 110 of a dielectric
knowpAnispUoiF Ctphing aféﬁéfsfplteéﬂnp&/wy Yidhine Sfa%%?t‘? @tf@mmqremqvh ghose portions

of tlleqyygnr } d&%’.aﬁ?é’ no? redcg' ﬁtheg I%asfﬁf:?he a %otrggﬁ d)? Hggﬁtctbxg pfo(cj‘?swa/ t}s? in

obtafﬁﬂ@ﬁlﬁstﬁflallk RO sgﬁﬂ@ﬁif fht QRad &I GHess, such as chem cal
vapor deposition (CVD) and plasma enhanced chem ca

vapﬁbc ccdetposi!t li i© Formed @vef REGMD} regibn tddi ChinasEe Bfwod bahd AWLT via
may greater than a height of the gate el ectrode
H, ‘"’O‘B’r“"?l\?ft‘%“rs"'f’FFem%‘é‘p'%istei‘RSﬁ’—d fThe qepsact Hgseli 2,111 Dare frnje @von the gate
pl anari zation process, such as chem cal nechanica
polishing (CWP), may be performed to obtain a planar
surface of the layer 110. ,
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Contact vias IIl, 112, 113 are formed in the |ayer
110. To this end, a mask (not shown) covering the
| ayer 110 with the exception of those portions wherein
widhmogoatsact vias |11, 112, 113 are to be fecmedoisozises
25 formed over the sem conductor structure 100 by
clegmpen®S ofl tk deivmegive t Moekpecofelyp Hot© the bdragtteph )05 is exposed at the bottom
Thereafter, a known ani sotropic etching process, for
of BSEQRHSY Wa 113 andths desineagion gﬂ%%emsa@eé@ !heubgtomeftﬁmow@dwq d3r enove
not c ver ed

t hO‘? emeeoe%rw es %hmanuﬁctumgtn}e}éﬁc[ys ac(%?rg{uht%thgftg ﬁﬁ argJ r;ubeé §§p H}gy(not

shohlﬁ)l ch;br@szbr‘hﬁénﬂl'\ﬂgh 2 lél‘@t%ﬁ ﬁr:lts :ﬂi" dary YoRkelcf; ke ufh AEWRLLR n@Eriat of
the contact vias |11, 113. The
the dayert A€ traw begprdvibidd ibeSveérahenw @ trasite SO 11y@Qi 10N ThE ke etch
Thus, at the bottom of the contact via 30H , a portion
PIOEFPS piyebe SHHHYE BoppElgs S PO e ivigs Etplddeld? peTbateglsrimact v digectric
med ove

b Bl et DRS00 b2 e B derp Bt vom e sy et
SieRloRento®GhoRidns 1P Qe ethEIREG LT YRl o (IDESy ot Sor®lB s 111, 112, 113,
" efegt?ggghlog |segxpose%rgﬁﬁfhg{bottoﬁ%of the cont alcltII
Aftgritg fbd@io@erdhetcbvecidtaail N, riegi o me b mhySbe@HPORETr eRimple® means of a
bottom of the contact via 113. In sone
km@&&ﬁﬁﬁé%”ﬁ?”n&nufacturing met hods according to the

St gu%seguem dhtﬁe con t%ct vmsr] e\/\ﬁ] zare gtlegtwﬁlhtéra; tg'? tTg?hts%nd )a first glue layer
l]ﬁh@ﬂ&eﬁdn@ AN b {19 Elep@stltgtfbvgr%e%en‘i !bﬁ&lctBJlﬁuc% 1O§C’¥“hre gﬂic Ea]\q:rs 114,

material of 5 the layer 110 may be provi ded betwee
1 15trhe infproed @haaibd lemteenttlream\sst@tpmmdem @2heatidact e 11 1amern 13h@ the dielectric
Thus, the etch(Process may be reliably stopped as soon
matgrial ¢fiy 'Wra§ol i *wﬂainzhe siuwmxe hét Id ey helpein plagpars w1r@e fforable
G NG TR TR SN o
pro@grformsd in order to renove portions of the etch stop
| ayer exposed at the bottom of the contact vias Il
112The TisBglucAfybrein 4 hyecofm@tsertibrii@an®d fratt haormandyasiting \6f ﬁSon’izkd metat
112, 113, the mask may be renoved, for exanple by
Plasipa diResitisp PrgpespQ I%ﬁ%‘iﬂ“srﬁ@édé‘t thesir irkimp” ﬁ)rliéftsié@gl z}l@mb@efqiziemib b yariant

of pﬁy@:%ta Vi por da poimontv%cr%m gtl;]til 1t0ms fNP:FI‘érPaygprﬁéan]pkybércre:ieil Lley éﬁ%‘“% a target

comB@FRnd nQ!aH@ vd RYBed ]ﬂ;leﬁo:%re@mq%g%l tf@cdpEaQM ?t\t\aytbg Created by means of an
sem conductor structure 100. The glue |layers 114 115

clecrripglow Higthopeen adhesiao mmblem»eteminkpe dobiP3S hiRdgedHn @V adl_elde daf) The
the contact vias 111, 112, 113 and the dielectric
elecig glapy idéqharéef mztyWé crpaéeyéw ingucpyvely ApMaHing @i f“reyuenqy laker nglingeurrent to the

mmena)éu?an%fo by 'i’pplylt'lg the ra¢¥ 10 Ee%lue%cyi arptergatntagavopagc % eﬁactggcl‘s%rotf%c}{iotg %eb lca?r:er
gas. The ionized metal atoms are then accelerated towards the substrate 101 by means of a bias voltage
applied between the substrate 101 and an electrode provided with a reactor vessel wherein the ionized metal
plasma deposition is performed. The second glue layer 115 may comprise titanium nitride and may be
formed by means of a CVD process and/or a PECVD process well known to persons skitled in the art.

A seed layer 116 comprising tungsten is formed over the semiconductor structure 100. The seed
layer [16 may be formed by means of an atomic layer deposition (ALD) process. As persons skilled in the

art know, ALD is a variant of CVD wherein the semiconductor structure is sequentially exposed to a plurality
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15 crystalline structure of the tungsten if the

tungsten is deposited by neans of a CVD process and/ or

a PECVD process. The first glue layer 114 nay
vaompsHses4t i tani um and nay be formed by nmeangc®fysadioreses

ionized nmetal plasma deposition process. As persons
of gikdohy peadurion camp@ind vhickmossguedtigly foed onedaatbr vixkeR SMRin the semiconductor

deposition is a variant of physical vapor deposition

SUNGRHET'8Y P Wéetea ST PIRAMEOE 14 preryo the éS’f‘"CEB@m*Ppr@Cmfb E00, a substantially
moﬁ(gd%%?cqgre th% H) treecﬂrlsopg f E-'?'mcl,:lziaor\.'gehe secgrai gl?uﬁ erblsa sq%ﬁ:tadhleﬂgq batween

osSite are ioniz

mofebi®sS BRhEBNL ;b&urﬁb'? (SN &dwem ddpeRIIR oPfiorBRarBdn GhifohiGmid lla?éf'v of the first
di scharge in a carrier gas, which may, for exanple

preg@wpmnsie nbstantepervoideddl atapengnizbikepeg@s:. of THEALS| R&EE. 1 Chereatter, a

gl ow di scharge may be created by inductively coupling

S“a“drpﬁatifiﬂf P F@w@ He Vm&PftdE‘i‘% BituFg | € Thestond mectrhpe reesgsrchdnilly with

oS0 ALY FRPLYARS WS ot 00 LEQUOTEY, Bl SLnat g,

tm&@mhgpgcgﬁ&gl atons are then accelerated towards the
substrate 101 by neans of a bias voltage 25 applied
bet wae rhe fhreatisudi st sad Byl O, Ande AN c@lpRGish:Ogken PO FEREH over the
W th a reactor vessel wherein the ionized nmetal plasm

e épvsiiti Oh Hisseperelibioe derofine terbrayrosugl 4eCVDaydipr BELY Dmay be

enSBE L3R b BRuLe ) bt P BEEVE M B8 E P ebron vt rrn

viaP 8l S;eNS lﬁrlﬁJyl ;Jro@ééd faﬁertﬂﬁﬁ m@brtat deposition in the'%:cﬁﬁ)?cq tfle W Fn og'a\@ contact
conprising tungsten is formed over the sem con

viasltl |, U &% UBeTEOOr:, sthe | Beed, Ikayghe hbihed Eye daeord e o 1hy2 13.
means of an atom c |ayer deposition (ALD) process. As
per %W&“e’é}k i 3 P EPracess adacd30ENeYe RITERARS of Al Bug layers | {Aal fis dibptseed fayer

i Eﬁg\e%)d%ﬂf Ierall l{'} Jerhlertsﬁ mags{gp eg)%stxt? Wéﬁ\d%%&%f cuo&%t vias 111, 112, 113 may be

pﬂggg§/066884PCT/U82007/024564 of gaseous precursor
conmpounds which are sequentially flown to a reactor
vesBgke hwhipmer nhenlre coantcdoniditgtootne Siceh@ictdf @ruckPO100 & a later stage
provi ded. While a first precursor is flown to the

of ‘%ﬂéwmfﬁwa%wfss SErtiRpt ubest00 te art shibsstrd e 810 dielectric materiat is

l'orn%ﬁ r(])geétti%n?ils la la'% E]5|09 dse]ectrflxgaterr%f nlg réglgegg]legé (&,{)% Hgg\rﬁggr?{xgop\r/o%gsscs

wccdiTMJngQ Lﬁk Qzﬁe thhetdh Ehel slac[):ﬁitlaygrr 18€ khEySBhp B ¥ e Dee Wﬁ@'lﬁ} as the first dielectric
deposition of nore than one nonoatom c | ayer o? t he

layef | iPsplterBiivgly gleuecs@iniayeray! e conpbistadiiteied kayrisamoivd ael dfectric layer
adapting the tenperature of the ALD process.

’ ‘Ofﬂéf“@ﬁhdé?w k gaterialspih o pdresenflasiorgef | own to the

se t ture l' ecur

" e;ﬂé Eﬁg Q:g Lijxg ?T?ecr: E'i:ﬁ?’ oF cye CC%IF] mtl ﬁlap%ninrr:hgi !2% qgfp ugéx(glfonmﬂe l@hrpayéaﬁdone
by el oﬁkl:ﬁrfl@eﬁf Q’fototnh@mﬁ'@m&Qﬂl%J\CJ]IQBouﬁttJ ML ERed Qe ol N T he

chem cal reaction, tungsten may be created. After the

f orericoryofi2% inered ek hayeticodduor auduay®p. Thearrier layer 125 may

‘ HEFISIH t ungst en ngy be forned over the 10 seed
‘Oml’%?? pralym gc/onttafugy nirids gl Myt 4daniad dvitievene p&&usion Qfﬁopper whlch will be

pmvgd@(?lnﬂll :H or ma? ﬁgjﬁ?%fm(;v%er ﬁogw’ébr(’f(E"lS?m‘C?Pg‘facéH“éﬁtmg@ OSI t i on

I N sulequMki G iaRdeh )éyc@h’ftcmﬁpn%gggn%ﬁpeplg Al oeP RE @ﬁtco%hﬁ sthulthee 100.
112, 113 may proceed faster than material deposition

ThlSl rmtbh dong ibg imaant yf wfll-kbdve nzobdsomhal Cvher EBIMIACTheMdf@S a babdr,126
113. Therefore, seans 118, 119, 120 may be forned
“’”‘?W% BPRPEE 1 TR RYeR e seidllayer 177 for exanpjes by megr of mpqlgdirapisiamareogss well
a CMP process adapted to renove portlons of the glue
| ayers 114, 115, the seed |l ayer 15116 and the | ayer
117 conprising tungsten dgposited outside the contact
vias I, 112, 113 may be
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per f or med. Figure | b shows a schematic

cross-sectional view of the sem conductor structure

100 in a | ater stage of the manufacturing process

vag os/tislg to the state of the art. A second pl-g)R5pnddkssy
of a dielectric material is formed over the first
knbsayre persbisGskiaéd idl e l.@CFindIIg, JoRb®RIE @ sced 1yeS OMBriaXARR} 88 oQfide the
manuf act uri ng processes 20 according to the state of
WM@ ’%?r {23 *tzﬁ@e rsre@eqw &r $xapmde: bylkinspiachaimpndisaca fudishg@ pBcess.
%i 2 e first dielectric |layer 110.

AI t eth" PG “b"t"%‘éescé‘geé’d’i‘f‘d“f‘f"%fi}‘é%rp“’l%‘i“Ch%‘ii“gd%H‘ﬁl“i“é af e art is that
tun%tefnf %%?uéi&g&ngﬁg@tm CP &pﬁ%‘t Ilel% Isi Elag&(l: dFveg hwaes%twn)h Thus, as
theSsizk S€SEtdntact vias 111, 1A tihen 5RCANA di@VE thekedl isQLaudh ABELI Luents

mat eri al , trenches 122, 123, 124 are forned. This may
ﬂob'ég dong lwowang 1oF. 1t% thiniagbesibiot tphah olsistidoo ghiaiphyy 1aadh an

hing vell known to persons skilled in the art., 25
’“%“56% r° ”éF“Ofr“é“V%ffdeT?és Pl ropesSRbiere R oldEt The AerErsitance of
125
et el o it bl PG e 2T o BB S ey 1.
L1pr®y anditiogug itk kusiken 1 0f 116 aRPAke MBIcE Rl rl:slsta\m?thmt%&ge &hus, the
in the trenches 122, 123, 124 into other portions of
pregeprs oSBhgleedirere Ettol!s S‘t’)r ﬁu@teuqoetr @00 the increase of thSel3s @ UBIbrc/of the

127 conprising copper is formed over the
“mmmvm%@ﬁd?%sér structure 100. This nay be done by neans

of Wrtlher lﬁﬁ;@l\%‘ oﬂ'ﬁetag&g ?ez%%%g 0 a%ﬂcfac%.\r/D proces.s accoraDnrg to Lhe ?tate of lh& art is

Thereafter, | ayer conprisi’ng co
thaGiviedy otdnehs eredr héay &rtheléats 1180119 ESOURPdBned @Mnﬁﬁ@@ﬁP %ce@r@uhtch is
el ectroplating process well WO
ef?@‘@%l"(?ﬁ%@@l“@ﬂ?/ 182 R07 2024564 ! K howed her [J6nsloRSaysKil bustle the
art portions of the seed |ayer 127
C"“*““‘d“‘f ﬁ’é f *éy'é? Eb%médfﬂgﬁ?ﬂés'%fvf@d"f FaEges by z*zcvwa'zsnducrzw of the

con@&Giad NQYL glG rf1é& nﬁ?ﬁ@ﬂ;‘m (ﬁ"evep% am‘ﬁure §f the sem'&:ondl?xct%r btructu f1 OQ( he

mechani'cal pol | shi ng” process

aboue pdesarntibdad sl achttd rﬁkﬂie@raﬁ%ﬁés 4 q@ nglﬁ] Gr & Q:asﬁ REuce,

state of the art is that tungsten, which is used f
‘hefffeF‘f‘Pfﬁ@fOf nee gdoisprbiemsidendfief bpve. 112, 113, has a

[ h s sistivity. Thus, as 5 the size of
AR %l Igb I 1 "112, 113, in particular a

di afiet@lwhhorenl o Lsnfedussd, & leal. currents

flomnngorhggjb “t'h é'%Sntac}QVfgge Tmentifme P3Py R
undemb}tlse@bf dode aspkrisgll teEiBieloAN 8 sWkhaBNis MR Yan e%@tl‘teoov@‘alew of the

i ncrease of signal propagation delays as well as to an

‘“"eﬁ‘l*?de§ |’Sr“a‘b1“@d‘t§ir“e ﬁtniﬂfme}dfr cifisglelemifh of td i@ehtion o (¢ ¢Shest an eepe of
contact vias | 1, 112, 113 filled with

o Of
e t“ve"““ SRt Brepeniepeabid SByiteth 1 el e more

“m@ggm il BscuskehPuer 120. Additionally, the glue layers
15 may have an even hi gher reS|st|V|ty t han

t unfgsdrcﬁxfg to dlRUBustratiREmbENRRSABIER Bfcirl D BettaWe tobd¥eS Smikdifuctor
115 may further contribute to the increase of the
strugiiresgemprisgsgrovidiag p semigpdectas fubstiale cowrnsi@atiayetiodsdididelric matirlﬂZ 2 Tecess

113, . . . . . . . .
being provided in the layer of dielectric material, The recess is filled with a material comprising silver.
According to another iliustrative embodiment disclosed herein, a semiconductor structure comprises
a semiconductor substrate. The semiconductor substrate comprises a layer of a dielectric material. A recess

is provided in the layer of dielectric material. The recess is filled with a material comprising silver.
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A further problem of the above-described manufacturing
process according to the state of the art is that it
may occur that one or nore of the seans 118, 119, 120
var pogpessed during the CVP process which is pefkeii®ehiscy
to renove portions of the glue layers 114, 115, the

EEﬂﬁﬂﬁﬁﬁé&ﬁﬁQMI&Jaﬁdyynﬁm@Qyer 117 outside the 15cont act
vias Ill, 112, 113. This may lead to a S|gn|f|cant

reddBa ¢ %H*u&fmw ﬁ% ungprgeog! rbV ceépren@dm the &tllpwing descofition Rlen in conjunction
cont act as_ | %}%[ f IIed\Mthltmwsten or N
i e g ing ““T“” it B R %f&%ﬁ WEHAGEEYP St YUE P Mo
The FRY BS6 %w%ht%ﬁ:alupé&g Scdofut HiJsSES &.q csnguc%a!tzju HSin b g{e{}gg%ethod
and devices that may avoid, or at I"east re uce,
of fnfifetrisg Ok miomeucof st c@fdink ReheRRe bl R dnglent i f 1 ed
above. SUMVARY COF THE I NVENTI ON 20The fol |l owi ng
pr eS@HEt LA gionptheitie grosesvraplyvieos of heemicondestt istomtuie fin stages of a
L S R e e ks el s T e
OV e l\iicEMe QIB]C(IK Rfeek @Nc%rgdlhgr@m ml Jusclzp?tbl@ (Po vali ﬂ.\ta %gﬁc%lom and alternative
identify key or critical elenments of I'nventl on or
forhs0 spdl@fid andatignts tereFCOP ®ccafshobvh By Wave féld_m@ﬁ in thé &a\ﬁ&ls @hd are herein
purpose is to present sonme concepts in a sinplified
deSff't?F ' §F§‘“a“ prodll broederspod, heverms gt Hedestibtionl hatksd preqic ebodiments is
at SC cussed | ater. Accordln to one o
o et it e o et Bevogeaharer e coprpa I St s to
cov@rQJl momgca@oﬁ %Eﬂlﬁl‘gﬂg% Qgﬂ‘ld%¥ Hﬁl‘-’lé’l&ﬁlm Igé"grl‘l} %‘:§§coper(?\/he ('}invengon a8
a seni conduct or substrate conpr i si ng
defigiddl detppincedrireri al , a recess being prOV|ded in the

| ayer of dielectric material. The recess is filled
DﬁﬁﬁﬁﬁLéLﬁ§¥EEE§1QEBB%EL§EE§ESiIver Accor di ng

t t trati ve enbodi nent . di scl osed herein, a
et Rkl “ARPOR B EERr Cae LR c et iy, o

sem con

all BHRS tof AlaBual m@:m%rﬁ?m&{:%eg in tﬁly Q}%& fi c%oﬁ f Qg}éalf co%ﬁ@? beehpggeecancd

| ayer of a dielectric materi al recess pr oV
thatjimihdt daelopragpedt argfsucd hcﬁiale:ﬁ)bd’dln&nt[‘fr&tnebnhsahplemuﬂ&nolﬁ Qj&ﬂﬁﬁeds%ns must be
filled with a material conprising silver. WO
mado (ST U6 BB EAPTTF IBLHOFRIO 245 840 BRI2EFE WDESORI-RTcONd i ated

cons%s, w'l}!%?wi]l vary from one implementation to another. Moreover, it will be appreciated that such a
development effort might be complex and time-consuming, but would nevertheless be a routine undertaking
for those of ordinary skill in the art having the benefit of this disclosure.

The present subject matter will now be described with reference to the attached figures. Various
structures, systems and devices are schematically depicted in the drawings for purposes of explanation only
and so as to not obscure the present disclosure with details that are well known to those skilled in the art.
Nevertheless, the attached drawings are included to describe and explain illustrative examples of the present
disclosure. The words and phrases used herein should be understood and interpreted to have & meaning
consistent with the understanding of those words and phrases by those skilled in the relevant art. No special
definition of a term or phrase, i.e., a definition that is different from the ordinary and customary meaning as
understood by those skifled in the art, is intended to be implied by consistent usage of the term or phrase

herein. To the extent that a term or phrase is intended to have a special meaning, i.e., a meaning other than
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The di scl osure may be understood by reference to the
follow ng description taken in conjunction with the
acconmpanyi ng drawi ngs, in which Ei ke reference
wounesabssi dentify |like el enents, and in whi ebtr/ukiegso24564
| a-1 b show schemati c cross-sectional views of a

thag @dr GO BhUG B 1eT artBink, UL Wl Epecidl Befisitiange® belkpr@siNRL h@n BOfpecification in
manuf act uri ng a sem conductor structure according to

a deflpgiongt Imn@er Bt dirgsdy an¢ fnequafmgity provides the speFlpl@efmisign PhRgmohmyse.
sch nat | ¢ Cross-secti onal views of a sem conductor

st r GePlf & PAmErS d&é‘%ﬁ%?@*ﬁ&l PrESEOIAT61 el byerF o gy egel provided
v ey Gt i
0 %gg@ﬁg@%@ Bl S A € vﬁf”ﬁ%@‘?%@%é'u J gg@t@% Ot a contar
viadbged 68ed cidil @lefent SroS&8 Ge Pt Isddi®ndu@or s @ Sor example, a field effect
nodi fi cations and alternative fornms, specific
*”’éﬁ%"@ﬂ‘FW@ﬁtﬁg regeprepledofith g weere@npdshe vivertpyp vida yn aftriescamptioe to the
drawi ngs and are herein 10 described in
Cmﬂ“fhmTt It shoul d be understood, however, that the
desegf. [
OO S LR SOERLIA o TRTRNTTAL B2 P,
usel @ sBtadiaBiC bos itler BRIt h@NobN@ €OHY AN MsistibiCorl B @B%IDON Th Dther
to cover all nodifications, equivalents, and
embprdimatti He impiard! Foallptlﬂlfmgl*w m«m bp cqnipeised pfi an jalloy gerehrigupypeer.gbr example

d th ended cl ai ns.
st KD &l Pk T KDL ORI Sk Pogenim ad gl
AIIJ) Icéw‘rﬁ:t' glr%tdth\élem(ﬁﬂb ngﬂ ﬂ%wpect QIm:r‘unechko%yﬁ{h & 8&3]% %ay also ble lused In

escrib bel ow. I'n the interest arit
furtﬁcﬁaﬁablfdﬁﬁntofa!kﬁﬂ caphiding | bishfp)| R NPhatbiods, alidn, d@:ﬁ&nrdn@@ﬂfuﬂ Hay be
this specification. It will of course be appreciated
used. h afdviprrasedudy. deweth.dprre nthosporcan yiligon cdarbarc tnd hifue o dionng grain
bmmégnmﬁ,rous I npl ement ati on-specific decisions nust be
de™to achi eve the devel opers' specific goals, such
as ﬁﬁﬂ&%dr@ﬂ?&;m‘é‘ﬂe&%mﬁh{% g@ygr%lf tmgtgrm@{]oqxpﬁﬁ% rﬁl)%%% lb@h:‘%gdcd
constraints, which wll vary fromone"l enent a
beldvOanamOibherte le@lO&éﬁﬁnsmg titvd | the DGer aPPE RGkAT @fhplifAthB & Nnay
a 20devel opnment effort m ght be conpl ex and
Pm@@W@mé@ﬁ§GWWh@$ﬂ%®memmw&1ﬁ%véwmhéwess be a routine
taklng for th pse of ordinary skill in the art )
haVI ngnteig?% )ng(ﬁ &atf:rta GEPISHE éllvalngx& Pdd%tliu@ electric conductwrpl,.l e'l“he electric
conllc@R$ 5‘1{31]\7%“9%1%8& lﬂmthg qurWC(lmlduc@\gtWoptﬁn qus&[i InggrezM\ér thn the electnc
reference to the attach Tigufes. Various Struct
mm&&%ﬁ@ﬁEw&ﬂdudENhd&&mﬁw&mﬁGh&ﬁ&EMC&hMMmﬁﬁpm@hﬁdmhﬁmkhawd&
drawi ngs for purposes of explanation only and so as to
T "”ﬁdt‘“é%ﬁ@é @? deckip gonprednseiateirglit sehants Uprmedin o her!dt@tmtbrswitsm may be
o Ry B0 kDo) PR Rt B HO AR e Tl e g e i
e ABs&klReARd. explain il lustrative exanpl es of the
present disclosure. The words and phrases used herein
shotultgkrrinee, o ehartrgt @ogised Gilveiha lepit@tagtkiel BenfiaY BarPeudPRai hidGnay
consi stent with the understandi ng of those words and
everh iR és“ﬂW b%hhw éhds l@mprredl hpsn ciedtien plathesheait Sfansst in th«)semlconducwr

sroBF Bt R et PR B P DGO TR By e sive

mw%@gbgﬂgry meani ng as understood by those skilled in
the art, is intended to be inplied by consistent usage
of ‘tichﬁwdr&r derfical Phdti@SRween the material comprising silver and silicon present in the

circuit element below the recess may be initiated. In the chemical reaction, a silicide comprising a chemical
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30herein. To the extent that a termor phrase is
intended to have a special neaning, i.e., a nmeaning
ot her than WD 2008/ 066884PCT/ US2007/ 024564 t hat
wimelessdsesad by skilled artisans, such a specigal/us2007024564
definition will be expressly set forth in the
coBpeei bbivedtsihverund ftican A8fok Bkt OMAd mdYBAIP ftuct MAton@d: feaﬁﬁvitbeetween
and unequi vocal Iy provides the special definition for
thetnpgterigl Wlw siplaraadibe circuitelement. | n some enbodi ment s
d|s$l d herein, a recess forned in a |ayer of

di eFEEE PR WATEF T BT ETPHEHE Y Bimiowai dBfikeRd dya fist sage of
a rﬁl_:hhgésgtf f@rl}n?ng a%crful:dn!iu@tgr M(,I[Jpe ﬁcoﬁgqg na!ligs?rg{'p ?b%(litrgcgu g:sc‘oseg herem

e recess mmy conprise a cont
The&demcthddctodt@AROT00 PInPMde S0 Qusir it ﬂ)h@mﬁ@smgﬁ OREUGIRK provided in the form
substrate, for exanple, a field effect transistor,
of su@ﬁeffeﬁa{ans@sr@e 22e Jbs gibsfritd RE dnapicerpribdyesem@tngicioa naterial, for example,
we sing silver _provides an electric connection to
sﬂafoH e i&el f}e[éiﬁ%q:ct t&nmﬁ 2 comprises an dcqﬂ\ﬁée;,h)ﬁ@@rfpra]pd teéuﬁﬁibistrgqe ﬁ%l A gate
tecHohe 4B is TRNea R 9,95985 f LBk Y b PULE,
““Advant ageous!y, i he r?j‘g) g z‘g‘f“@‘g eg‘{r%\gr}étﬁfegfrf&(b pute msm”‘fm"qayer 206.
In Ay e@biperdy, GV L:ﬁeﬁelé@lrdﬂ@ﬁ@ﬁ n'm@%nfpﬁﬁ'pﬁl%r%ldth){e s‘ﬂfcontdlﬂ@the gate insulation
material. In other enbodinents, the materi al
l“Y‘éd?ﬁ)’mYs“rme{ylS‘Sﬁll’ICWOXN‘BW@G HUGWFJWOSQI@OIOCFXyIamdea|Th605ﬂte electrode 205 is
ﬂ@% silver, for exanple silver alloyed (0-10%
o b o SEHAY seh A fe0h Adliaceg fhppaig &leqqds 0y Apouiop fegipn 2R and a drain
:chJl %'ax@ Wihed" %ttgﬁcﬂ ':gh&%oﬁ‘ﬂﬂu&?ﬁfﬁ provndis%%ﬁn&[ m{:on%etngn gt Pe?c{ effect
nmetal s, such as copper um num nd
trarsiavortzed dﬂm{lﬁyrcﬁl e SEH the LuBsuhlBdiher errbod| nents,
al | oys conprising bisnmuth, boron, phosphorous,
si | Tl@(ﬁqid ettt promwa Al wdihf wmchiggatiyestug@e 204 may be formed by means of
@ ta Fously bi smut h, boron, phosphorous, silicon,
mehh G FRPBRIM ¢ L pred§PopioaviPy @P&ntgwaﬁw *pesEisE el ko foxpersons
«ilRUkLRes more, in sone enbodi nents, a |ayer of a
material conprising rhodi um may be provi ded bel ow
andA (Dd‘ye:ai)(l)‘vftﬁr]phh@ SBd&l ik _&Hateﬁc@ W&rqx&ﬁg sifidoh M@¥ide of RBcoh AN, is
of the material conprising rhodiummnmay protect the
formpeg oy [hafubgiondeli o tids esd. Hapesitiomediniawes ol knywiam gérons skilled in the art,

chemical ly. Advantageousl the material conprising
o B R AT B LA oL Bh a9t fegipesc my o
gru@clr @:QIJ lleﬁ;h[ o?—ge &%QQH&‘)E&' 2%5 t/)(ftep} é}nla}{o% of lh?h?@r gl% FJlelectljc material, a
he el ectric conducti vi tungsten,
p]angrf i2@h @foces) &N extafie, @ IOBMTIpFdcSs, Gﬁﬁ&%ﬁifd: Mid iy onﬂcfx {(C[@dﬂ&airmughness of a
which is frequently used for electrical connections in

W”HF@H@ﬁwﬂﬁﬂéﬁé@ﬁﬁ@@ﬁwﬁévels Thus, a resistance of
el qgtrlc cqﬂyectlons to circuit elenents fornmed in a

senl COTIEEOH " SHBSE Patiiiety e diledrmeiupi efy o s,
mat&t Q‘hé coftack QQMQ tlS f&nleoojver%eg(n@lfﬂ r(%%r?ﬂ)@g%e cgpactcwa ng fo {)ver the

reduction of the creation o e senicondl
pateStettd ¢ 205 @ th dintatitvR@ rIMbehed S mRliEdidhl 206 ARl p‘ér‘n&gz)f the source
silver may exhibit a softer behavior than tungsten,
teg'%m?@?% ﬁa’gposewrﬁaeésztwmbvf the epnigad Fitt 41, doihiay ploke gathamwm piFey exposed at
reati stress in

I
e SRR OB OB APt G da P gﬂa*aﬁ%Pé’aﬂemgw Bt e attagic
via Q@ §i ﬁlﬁlalr' Q)etge Md & Maﬁ&fﬁlutz‘ngﬁ%&ﬂ1 Qorﬂdugtf T sttrnc%lrmzo%r ng%l the state of the art

conprising silver
descMBr @@verith rderabati gads 15-eamt doatc: bl%tM/&Qm t A @aRtr@hidaly forming a
conprising silver and silicon present in the
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In the chemcal reaction, a silicide conprising a
chem cal WD 2008/ 066884PCT/ US2007/ 024564 conpound
waetoweensssi | ver and silicon may be forned. TRosusRy7024364
hel p reduce the contact resistivity between the
makKe(he@ Ehio@h) hO@iFPHdnS EsNOthSioda@E ataRDh hd@ndt Vgt £, 2 2l AFRBto ve formed
Fi gure 2a shows a schematic cross-sectional view of a
ﬂ"%miwm@@mﬁw@t e A0@ o 20 Gehim adaptddity rgrhove thangeriglfof e layer 210.
3 form ng a sem conductor structure accordlgﬂ
to Atp "’u%f £ PAETEMBHES deTHERE e ey Remintopsiuctge e The
w&%”ﬂ &%ghﬁqtﬁpn&‘g rHJ%uHr Yy gOQ/Qr tl?r,ooq{pow S r(?a (o anos sq%watll ai thc c0 Qd(;[ vias
conprising a circuit el enent prOV|d { of ‘a
21, piel d3.ef F@as poktlo@ S ihs fueitice 30Rs tayhive0 &Mkﬂstné a)t:@ct Z.Qshs lT@Vz. 213, such
conprise a sem conductor material, for exanple,
as pojtiops@bte sulfpveofftheddvel 264 fepretn thercamsi &b 811, 2021 onpde bates suafiaces of
oGt Ve %Zg%onK383 formed in the substrate 201. A gate
E1EE D D517 8¢ T e A 6RFd T Edna thg squre 2P B Brircisqe 205
mmh§d§gg%%§&gqﬁ$ggwgfron1by a gate insulation |ayer 206.
I'n sone enbodi nent's, the gate el ectrode 205 may
C ONsd e mPatinyeae, y&&tlﬁlarbll NG radedial SoPrisBhi chodil@ mBak Brmed by means of a
insulation 10 layer 106 may conprise silicon dioxide,
spugdripg prosessni I rhedhentignma/ roreess j ol e motaxiyimd thediwdels irfadigtedyadtie ions, for
electrode 205 is flanked by a sidewall spacer

exagiple. (P8R QY V5P SURGT BROBNPUSHEe et BF et Pyl appysare pocked out of
the %%Ulr &fe sﬁrﬁ %n%m%@@enﬁ%@ f pg(n@égggﬁﬂb? tg Ithgﬁ Ogch %Etea 1]::agtrarre:%on 5% the
trench isolation structure rovi des el ectrical
rhodixﬁiﬁ)altcaﬁslkﬁ)fd keB @dt WeRarkeNihpinfe brdhe&f:rfn&ﬁ&ucﬁ)tr BREkSHOb fo?rQ%e a1,
other circuit elenents forned in the substrate 201.
Thelnfoihes|egibagfofets thetayarist Sttgma@@Q compdbing teditm emcti formed by means

fhé@ ationls ructure 204 nmpy be forned by neans of 15
AR ETESD f“}tﬂﬁé%%rm‘ieﬁo@? BBRG Ukt EHT W00 Fepids bisacicr el to
whil:mpakegﬁl dﬁéﬁlg%ﬁh@ﬂq}eas%ﬁt%l Iﬂlgn W%{At p:lgpu%w’l(é)TgnsR ho?um for example
:hoddn&ill& ey ladGto e ﬁﬁtippﬂ]ed to i@ rea @06 BHERY. €FhusSd Jubbﬁﬂﬁl!)@h&&d{d}ﬁ l%r of the
silicon nitride, is forned over the substrate 201. To
Wﬁwwm§m@ﬁ@mWGew0@¢$WGWMW@Ehwwqué§ mmmkmmm®Mquwmpem®@nsdnm
me SKiLled in 2 0as CVD and/ or PECVD, may
é%f We& e WCH‘? aﬁ&‘ﬁ SIS POpory Horept s fiest ggeurgfy é‘feé‘éatp&ei* fch tha
| m 1] s 1 t
e SR B el e SRR bl U bRl O Bl oo
strughire R@C but ifGthérato®tdl@los tha fpt @B@Fsd')rzlﬁh@iuetrbeﬁﬁtﬁﬁﬁﬁfﬁpstaf)l‘?rbound to the
exanple, a CWP process, may be perforned in order to
subgaaiic @omatpoi ghrred sheofirstapraupof.ade onfembhignchia e ral.R1foces may be
dielectric material. Recesses provided in the
Pe“?fwfcml IR RE £ ”\9?‘%{?[“2‘@1"*”’2‘?? O%Oﬁ %rpéffor'b‘f‘m‘éed“r%m?% in this

et Bt Bl FRESL b P Bl Bt o RE Rl Ghans

well&l@vd t® pef's@rfsrrﬁﬁjed QVEE arl 06 sii2Re 9@&0‘35 rﬁzlyeigrt erx%% !%Q)ﬁ)vi@&lqn Ihp Source
contact via 213 is fornmed over the drain regi on 20

regigii0%and te {ron tekioR0Bf t he source region 208 is exposed at
the _bottom of the contact via 211, a portion of the
gat B B e FCOAEProOE0T far yRplsdatEem s spaplisd t&fo‘t“t ‘éfrﬁob\‘e“?‘h dhe second
precﬁr?opkﬁ&gte&/ tlo ?ewcg gﬁ%ﬂ%ﬂ WE}h QOF l‘tStfptoe?thg!f Ir‘:: tp che u:a rgactr:cg chum dn(? other

sed ottom o via
voladik FEthu&f prédlcid rhe@ peetdad whfic tﬁﬁﬂ%ﬁ@ﬁﬁw ds Blgth@surgﬁgbictﬁ)ensg#l@&nﬁlrcmr
structure according to the state of the art described
above with reference to Figures la- |b, the contact
vias 211, 212, 213 may be forned by formng a WO
2008/ 066884PCT/ US2007/ 024564

9



10

15

20

25

30

mask (not shown) having openings at the |ocations at
whi ch the contact vias 211, 212,213 are to be forned
and exposing the sem conductor structure 200 to an
vai phambssadapted to renove the material of therh@efozes
210. A layer 214 of a material conprising
stryefeddunors thé Bycneld, tpveiild hdetis@RiihGe Rohe biepeddul ¢ Gk HE®or vessel by
100. The | ayer 214 of material conprising rhodi um may
““€6W@W“¥H%W%©tton1surfaces and sidewal I s of the contact
S ortions of the
Sur pedegp %5‘%“%%? g % ST it 8 e ReHpR CPpihen g Javer
2 142k;|dgueacge1!% d p fud f
SR 0R, D0 VU Bt D3l R L0 LSS .
amdpotof daTusipreta©eshi@icantth GpearitiaGt c)leas., Qxﬂslant:aaﬂ-@%e m&ﬂ-}&@m:@ he:,
| ayer 214 may be | ocated on the source region 210, the
hidjagtseofehebra ddte o (;‘)Befah epmptisng crhaalivm  magheomb0@ly independent of the
tive me enbodj nents, the | ayer 214 of

mclmatfop ec? gxle p%rg%p(if Itlgzl er ce ?fdbﬁ Sﬁrmc?{:ﬁvtob é{r e r?{%(ﬂo‘bvh“‘ﬁ‘é‘aﬁ gm H§d In
par@culaxlg tfﬁtﬂ%t;st § rtihe”l%/crpflg %? ﬁﬁ§ mdtlexnai E ? dr%%&dgl%' oqupb Cme ssu§f?cesaand

target conprising rhodiumis ir ate
s:de@mlamplheconlaaﬂ&s oift, 82,n00hS v ABsimt eRS) 186 FRess @Wﬁe @ M0 ver
i npact of the ions, rhodium atons are knocked out of
subgipgally Aprigestal poTves o NS oG OrucEter0E tuside 1RO as 211, 212, 213,
for ro% i ded ogf gktF t?ﬁﬁ{ et such that at |east a
POTET GO FSFOF ™ st H‘is’“"fé‘ﬁk%’cbﬁ%’ae“d‘t?tm%ﬁc‘ ol It i gét and
the C t
%)(ﬂfgih lﬁg@:g Pg%laﬁlnﬁt \E{gg]tl h@?qgﬁné'g&'it%;{ﬁ“%g&"%ﬁ %']Qrametehgds gl%abe ufed for
the folrautisradf @ fagdr 2 GO PhitSi delpisY Ehodii. NRY e@pif, @k ﬁ?&l 2 DY BRI Sned
15 of an ALD process. In the ALD process, the
by ’Q@i‘ﬂ"ébﬁ‘d‘a eroesrs adrg CECYRpROY. e lppoV# disierin camprigieobcdium may
éﬁ 0 whi ch_gaseous precursors nmay be supplied.
hdvel'ﬁ he “ess f" i &Peeo ciﬁp@’éﬁ’“‘g’b Ap? g BgPFhuYi EJ‘u&’ﬁ""“flsc% pin a range from
mmg%gmp}guhﬁhodlun( I11) acetylacetonate, is supplied to
the reactor vessel. Thus, a substantially nonoatomc
| aysfier ©f fotoR@onfdf M8 taydd 2 BICHH mSiEHal doSipdsOk R LR \EBEed 1H® 215 comprising
sem conduct or structure 200. Paraneters of the
sihvel épfygtd @vernthmewe@%wr gueire 3%. thheme enjpdinatyirhe sof lagdn @15 may be
mmmgg1m% VCEQE structure 200 and/or, a flow of the first
Bf eCTUPEST * 4P &SFAPEED * TR (R AR metH Sreanity S TR campriing
s.sva?ronaﬁw 11§ 5ls: n.th
e o ek b R R e T e e
metdl weetalm@iate [fe@uCEsBoR)dhe dijplidt v prrecur se% RN sel@onductor
substantially stably bound to the substantially
SUUGHEH PR S visted: a‘}}é\e sggfacetof e ﬁqnvcgrtduq@qf @leugres 3P0, the metgirpeganic compound
and, me%‘ nent he Lg rogess perforned at a
B A Bt ApeisD i FF S Sriskiohee vy Tt g whe
eEerrP §£r§ AR NGt e TRL R PE Q&6 dnnhc s@h@onﬁnﬁgpggua&ryﬁﬂ% d gnigt%e seed
may hel p avoi d damagi ng sui ci de portions prOV|é I n
layet H@ vhireh dheefefic@@iprddicBnsibs hidipe2Qf hd@adds vedael | known to
persons skilled in the art, such silicide portions
y“ Otﬁ‘%?mb@%amm ECHR pfwe@wad é@lenilpiwtdh@fosmm gl lyedil Dris 208ns
after, a second

sk:ll% n the artekn q’fE‘OI‘ exa%wgpfg\g&algﬁm a g?wgiuqamgi: gare:tt "t theereactan{ gas.
To lﬁ@@ﬁt Epiradly ﬁ&ﬁ&ty a]t-crrg:ﬁmi?oﬁ&@ Qndp bise Q:Hr!ysgrbla!; ol gqgtaﬁpqiiﬁg ween the

react chemcally wt first precursor
semigindaioC aductire 20 kndrip clebioel proNidanch @ ReforWadsaLt | 1@ nhieAC ke QRtio

products may be fornmed. Wiile the rhodi umremins on
freqv(e]:fé altepyatpng veltagprand/py ghe iy oftesa GRICE anplied\ween a first and a second electrode,

20081066884PCT/ US2007/ 024564 structure 200 to formthe

| ayer 214, the volatile reaction products can be

punped out of the reactorvessel by nmeans of a vacuum

punp.
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Subsequently, the alternate supply of the first and
the second precursor is repeated, until the layer 214
has reached a desired thickness. Since the growh rate
vab 2dofresckayer 214 is substantially [imted bychhCuooBoz4s64
amount of the first precursor which can be deposited
wherbin 012 @f 1BakGb@deslis pBuvidedIMAS LA bahe symi@R@ cBRARALQM. Che bias voitage
| ayer, a thickness of the layer 214 of materi al
Cmb@ﬁﬁﬁﬁéﬁﬁgﬁPhb@WdﬂﬁWﬁyﬂbemgmb®mwnW1@1MWNwmwepemd@mUyﬁﬁuw
inclination of the portion of the surface of the
SP‘:§‘§Srﬁ“&”oﬁ% GEBY 8PS 8¢ ARl & e G i Tcedkntges {Taerqfess: fhgegical pegetions
in HA :tc 1F&lﬁlxmherelﬂ eltmnéngkyq \%Sd g(fsnteh Ia:@ [hl!: thaL él semmonct] ter structure 200 is
material conprising r df um on 't Hottom Surtaces “an
forsitdd@wadclist Obwdr Repeond B@tin a\K,\&Spr(Z:Q-sg- whe?ejnz»o 2R BisdVBYe iDGeated in the
substantially equal to a thickness of the |ayer
fea'éfwéﬂfas Adengedgssivams imal fedpcdiprthermhtugdet ¢ Ok argsiuadt sttuagre 200 during
”’%ﬁ : onductor structure 200 outside the contact vias
© aw Deseshlayer iy exanpl e over portions of the |ayer
210 | I tuween the con
lelﬂqgr?glj e%gﬁ{%nghemﬁ&gﬁkor? tlso[?nssur AeeY SFE ﬁg » eFeCtm#esétdeposmon
provtksaSin hd kiectidds? depdstidbn ploBesd, the kAo ndBdid QAR LS is iRdBEThto a solution
met hods may be used for the formation of the |ayer 214
Cm@ﬁﬂwmiGWW@WMGGMEFWSFMQTﬁhbdt@ﬁNOFmTAgmawpiem folve chbogetents,
be forped by neans of a CVD process and/or a

14 ma
°°"ﬁ%t‘:&’irj %?‘88%§f§d“wfﬂ8“e¥ﬁ§ﬂeﬁf usrd g Adgftiopally. é'FlS%{F“% G'f‘i'bfr"i“%fisﬁ gpbibitors,
lcve[le!?sqm i&g&em smﬂ'lgr tb@é’s@en@plo&& r%f) p%rc’pﬁau g wh;ch Elr%r\}fgﬁw%uén St% perscms skifled

appr oxi mat el y Pricul
in the g e THer sOMtoB WA AXinErath @pride 5'5(1\@:“” Mihe solvent may c&f'q;rx@er wzttéﬂe In other
formati on of the |ayer 214 of material conprising
embopigelitu my organseseldent erysper-2itBal o rdicsidngasbd wer  Asihd grfmedf te
over the sen&conductor structure 200. In sone
53“‘&&%‘6‘%&‘1‘ MEVTE 2Phe LTl 10y Waees sliPe STGT Hetealsy offan sThe
elerﬁgma@ mgyl?s cQEog&gag‘ahéI@%{o hﬁte%trﬂcﬁ@e%@ﬁﬁd fhgse errg?g €a
organi ¢ compound conpri 20s F er,” Such as
( 1 Atﬂer the formation of the seed layer 215, a layer 216 of a matecial comprising silver is deposited
5,5, 5-11lexaf | uoro- 2, 4- pent anedi onato) -sil veribis(trim
OVC@ﬂWmlSqﬂﬁtyjﬁa&?eqﬂw WheThe bwer ¢ 5l naat bd cempristdal suscetatnpuehi sivat. gs gther

Rl NR) x s sup lied to a reactor vesse
em%ﬁ%?@*‘sggéng %%% FP§¥ructure 200 is prOV|ded
At h I&ﬁne%HEJd%ﬁls glfe Iatytn%l(vsog &W@H&oﬁnﬁ. ISWEE il :Ttlau E)e f'ormeg) by r e s of

nmetal organi ¢ conpound
an ele@@phR S ceSU pPhidcedhlatie, ihh&mrcaﬁ@ctdu chtmemahd MQQ@IE)@Q:Qz@prised of
chem cal reaction wherein elenentary silver is forned.
meWH@“S@W@@ﬂgF§@ﬁ@©m@ﬁ®QGG@mﬂ@héﬁséﬁkcbﬂMUEm@va&@nmanuw@ms
qmmmnof ) JW iqg% 25| ayer 215, whereas ot her
f eaci’ i ‘H 515 8‘&1?5&‘1’? 3 e“gﬁﬂﬁ‘ﬁé d" i epdipps. ?f@aks%fﬁws may be
used\r/rng‘/ér@!édlrgeﬁtrs) lwgti;eem th% lgye?{)[?rﬁn tnﬁ)ﬁgg geifje gﬁ({ﬁ“ﬂ%l |P§r§ E T, troﬁe maﬁ/ also
be cBkprisdded subsluntidNg p@E LitvkeN ONGthe PEGOYEINEnS vAerid e B Zfﬁfcowpes a silver
wherein a gl ow discharge is created in the reactant
mmgﬁgdﬂmngﬁvgm@hﬁﬂmahﬁa@moI#wéqm@wbymaHWeknawwmgyammnw5Mm
as voltage are applied
ot oS bl e el SR o St Wi 305 ana. an
el %teregl‘?cevofpargg’l\! hégﬁ'\cg bétw L lﬂ&eﬁa?é}ﬁ&c% su\ﬂc@&?‘f?)'o and the e!ﬁctrode A polarity
Al ternatively, the r adi requency altern
of the Oledrig@l:gns ek thie 1 asawdde! iRORmEAMucR st 20@ @ecbrﬁ‘é& Weghbde
a first and a second el ectrode, WO
and 96 IS5 GFBAPET A1982 FOF/ B 2d SHrcopdnesyrsiryatu13€0, gfvertidugand, optionally,
el ectrodes is provided in the vicinity of the
sem conduct or structure 200. The bias voltage can be a
direct voltage or a |ow fgequency alternating voltage.
In the gl ow di scharge, chemically reactive species,
such as atons, ions and/or radicals, are created from
the reactant gas. Therefore, chem cal reactions in the
reactant gas wherein elenentary silver deposited on
the surface of the sem conductor structure 200 is 5
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10 conprising a conpound conprising silver, such as
AgNB or Ag sulfates. In sone enbodi nents, conpounds
conprising organic sulfates may be used. Additionally,
vitesos/adesitsi on may conprise inhibitors, |evel ecsw@ndnzised
accel erators simlar to those enployed in copper
othed @itively oivdiged hongfrem Vi leleculoly@WhngeOinip @te OIS taekand Foarfl the Muydr s of
art. The solution nay further conprise a solvent. The
mAEE R *S‘ﬁgail"’?forf‘;ﬁr‘ﬂesc@c‘wé‘t é’r“’“«f qiains gtch @ptiogatth otbimpenens o aipre other
BRI AOY By SRS P e BB e o ™
St T WEdidf @nbadRbnes QI1eQJ}€rr§]1 @@lthe heaG! éo%anW? grvgrlnﬂy FEJ G TR{ by Hedhs of a
silver is created occurs. The elenentary silver
CVibapess i OTECYD@ros@dN I Attt BbddtienS tifeUGE M €and OO sekdlafeOF 1B may be
the seed | ayer 215. After the formation of
formpfn gangly CVRypEdEeso] BECYD Aragpend Rpgnadbe distiniitaay dachfother,
co | Si Silv Si ver the sem conduct or
ctr o oty S en B S e rEireciprt Setgmoees moy o
erfobat S t
P D A o eon i 0 5 R B o H s
tenpér@e inBfeS frorh RRutl 1ay@n°cAdG: &Jdei&r]ﬂﬁied’ﬁﬁﬁee:‘ﬁ i Ahge GORRKLST Aute to
silver may be forned by neans of an el ectropl ating
aboptr Zgoers sin the prnesdliscraeesp l atainnigg of tha @as@intoepiisthy Gitvarmay be increased and
VOl%;arUCture 200 and an el ectrode conprised of the

WP B RO PR Y the matigp @f therjaya 3 @ of majstigh cogprising silver may
o SR8t YL oDy SLARACH) ' e TLGSOIRLLRE Bl 3955 Yo
AdGbthdeak9 She ikcheass OB £ADOM! h:ﬂfﬁlﬁtc@sur&ﬁ gﬁ&'d@nn% Wl f arﬁxﬁa@% P KJ@ be
used. In enbodi ments wherein the |ayer 216 is
mokg offfpipritly eeforoed haplvstheametioddckogdinguir iee ssitel oV B¢ grt dedabedbee tvitDERrence
[nar al so. 25 be conprised of substantially pure
o Fagueg B ° RSP Vs A SR e S ther ei n the | ayer 216
fggﬁéliresz\?gt}()@% %che\ﬁgﬁc c%lssssgcyl%{ml @, ?the scm{coonqg:foga Mct %ﬁ }rl Cz)lﬁa? %:age
of EBYeUDO mﬂdrSﬁ f(ﬁ;ﬂltfbrSOleﬁc Ferig T olclﬂﬁmﬂ r&@rﬁﬁr@né);ﬂveﬁ' hﬁ)laﬂﬁ&ﬁ&i @écass
conprising silver in addition to a silver sal
mayNpg pesfoereett fin cgdcvmlqnag:e}omgmaptprt laed? I ettvigzam chiler vias 21 1,212,213, The
sem conductor structure 200 and the el ectrode. A
?‘“’B‘iﬁa%{’r“ PEOSFSSIESY PRECMET BEEF MEergbibe sijisondectos Hiupvre Ha s mozﬁd relative fo a
t tr re 2
po}iL}ggg%ﬁegﬁg%\é%t ﬁl%ﬁgg %gcg)ﬁﬁ&%eg ngldzgg t$ .gu % 1%5H%)Lelé o an m erhce between
the @umo@eductdrhilSoturd@ oot @ 1B QALGIONGACT Tk Bty UGTpHES Q%O(Q’more chemical
silver ions and, optionally, WO
WWQ@@@I@868@4@QW¢US@@@?%O@MS@&tmih@mmposmtéwmmymengedmmr
, ion; 60n1the el ectrol yte change into the solid state
ST P ol BT HET e “?31%6 OPeHRIAT FEMicHl il b pHgilspRyigpe silver
of tﬁtlafenhﬁtS e x%g’Jctré gﬂtﬁe h%rlmlcal\{ Fcracn‘a]f S%EFemS’\JQS’ by %patnl &r}uerlas:w& coagir%g‘%n the
one or nore ot her el ement s, are electrically
ﬁm@hamgadmmnﬂ¢ghange in a solved state in the
electrolyte. In other enbodi ments, the | ayer 216 of
t helhaMBpiogdss w4y vp pPPp#dmg sooit hsvir layemd) 4 bigthd omantel doryyisingerdaalsim is
of a b5 ﬁVD process and/or a PECVD process. In such N
XP R AITEHEE O R SRR a0t Hae Eé@éa‘ﬂ Hyer magein) cpyising
h i r [ ocess, an
T S P B RO R - RRELB Dy, WD) L OGER R o
damtdagoffi@rphmibrs oNthOhyct D@ of ayen RhfisRE siVBliQEtkBhside @I REkaSI G 21 1
silver, an annealing process may be perfornmed. In the
anneal i ng process, the sem conductor structure 200 may
be exposed to an el evated tenperature in a range from
about 100-400C for a predeternmined tinme in a range
fromabout | mnute to 12



10

15

20

25

30

10 about 2 hours. In the annealing process, a grain

size of the material conprising silver may be

i ncreased and voi ds which may have been formed during
vidend/omemt i on of the |ayer 216 of material ookt Mgses

silver may be closed. Thus, an electrical conductivity
21of2 13 echraithe pdcalif toeomgor 314 bt reiekiv @smprEg rgiviniPEIOWEChe removed in

Advantageously, the increase of the grain size and the

thedPERES of voi ds durlng t he anneal ing process may be

gg{; (?‘rl?:i nZéP()f? %' al c%{’ngrtlsmg I;F\(Ea(?%:i;]may bF gep%‘ﬁét:QSP hﬁgalc%wéﬂwt\trﬁmo
ThE ﬁj‘/eeﬂ € mﬁﬁbel%&me%'ogﬂﬂg 88e hderial thm% §!|4n1 %Qﬂgu‘ﬂxp bodY !h@ﬁye@flg and

filled with tungsten. Fi gure shows a
thedpbrdhiptdy conprioyse gieditnm.onal vi ew of the sem conduct or

structure 200 in a |later stage of the nmethod. After

t he TPdpRed! T Siveral topariyingyhefion Dy teformegprmeagy of mlquplstvna grocess
wliec'retaYh%rsEml@(Jlectgr s‘rilrur.,{ure %(50011;] ”%r 2 eso an c\étéo:])ytez%glg%sg% g{egrél U{nhﬁélt for

renove portions o
exd@@RIBRRtumVhIAS. Bldditiod 1ne s%%@end@laﬁstrpétlﬁg]@f) | @b OR ARG ESRodium
may be a CMP process wherein the sem conduct or
is poyidgd truhe el@0Qyti.s Amevas iy @lpidet ivet@ech OheaserniZOdypol H&RIBIQO0 and the
pad, wherein the polishing pad contacts the |ayer 216.
cleog] 4 PYHIsOISipItieeds e B 4t e of Aceeb e wemrrodbier structure 200
ben%igépd %Q}g a%& %e %!eec Sfoalo'l ﬁ(t:égnraees alﬁ%gdeeacﬂ%tap the {) m:é%nﬁ;ﬁ %&@uafs\ﬁo -drﬂ)%mm
ion@fr@n t@e@@&o@@ aFeQeL@rE\%EH aﬁ@&hlaﬁée h&RGL sontthetrrbethmtdQ& ?0' f&m% layer
the surface of the sem conductor structure .
2 mhter@ldomprising thedigil. Uyt hy emydebﬁod&dﬂmtnede {oized @n’ﬂ&ﬁang,e from the solid
chemcally with the material conprising silver of the
st infegrelegtiod? inphg apitet stpin thetriscteofysmilcaier ?ﬂé’a‘bmnérﬁplaﬁe@g ALD, CVD

ns, 0 sives copntained
andfo EW lg)ée % &d uﬁ[ehe F()}E)T‘Q rh(}qu |a§erg 7afrna1em compnﬁqé h&M-_m simifar

to tRY TGRS o fmﬁﬁy&}@ 16deQRRe ehodS TROQR: 3% m&yh:@ve a BN R hessArk4 r:u%t b Bout
mat eri al conprising rhodiumis exposed on the surface

5-3¢fm trhyerigém wigmeks otaomgstomueduut- ® n200. The | ayer 214 of
the materi al conpr|S|n? r hodi um need not be renoved in

t he MEPe ff BrEusy e Ayerah %\fgt%’d% |€3fnprifivﬁ fgod‘rva?yd fek Bl 8rresel (e Eormed
ovel(:)?\:eserwu‘?hl&ucg squﬁp@ %STi%fm1tskh %v S ha con aQ Svmofll I Q? C? é? t’[ﬁlé mas%?!é? may

materi al conpri si ng ver locate
confpOdat PRokorddikiAS o be fon\é@b Q@M@ AR QA{4{02 5Q€llk
212, 213, which m ght %ccur e he%{zinli@f?r D1 o= 0l aown o
pm$Mﬂ*W®ahm@onpr|S|ng rhodlun1mould al so be reaned |n
the G vfP process. A layer 217 of a
nat%&?ﬁﬁgéﬁﬁﬁﬁW§WﬁgoFﬁ@ﬁﬂﬂh$%%y<B@“G@®6§¢W@@“@h“ﬁﬁé”¢2”

leav“i"n qﬂe%%g(d%gta%rt{leﬁ;ayeyEFOUOI‘f%le EC nc m teng subtzsil nudlly ml%cIL 132)gr&3rmeldh Ir some

nprise e sane eria
emH@&ann&sCtﬂd d@hing ROLA nfah8e d Y &Mhingd Mce@nﬂl d@ eﬁcnﬁg l %M\@ Elsc%grge i{T8ed
conpri se pure rhodi um l'ayer 7 of

maw&ﬂemm&hmcbn@wﬁssngm:h@dﬁ@nmmayobem&ﬂ@mmdmhmumaan&gohnm.
an el ectropl ating process wherein the sem conduct or

The oW fisthdieemag Cieasd) Hgeisd: Wehiaiuansy drauing mltgxae @nd/or a bias voltage

wh:g‘x rbé ?loagre&m% ?( |n%ltmg, %ald%ehor a 1recte vol?npbe?v%een the emuz:nfilm%strucmre

ate fon-"to or's
ZOOZQQm eRitro®) BOAEDHhCRIRY bﬁth@@mﬁ:@]@l@lop MubeSre @JOO\NIQ%V&W the high
the electrolyte. A voltage is applied between the
frequpney aigmtuechidige st thedlapl vata@00y anebplich @etwdkd a @lsest b edend elerrode,
olarlt of the voltage is such that, at |east on
Wheg{?é’f“’aﬂé e S SARBRUTCIORS P eSS HEEEniS 4 te glow
cat hode and the el ectrode becones an anode. Thus, at
t he sem conductor structure 200, rhodiumions fromthe
electrolyte are neutralizegd and change fromthe sol ved
state into the solid state to formthe |ayer 217 of
material conprising rhodium At the el ectrode, rhodi um
atons are ionized and change fromthe solid state in
the electrode into the solved state in the
el ectrolyte. In other enbodiments, sputtering, ALD,



10

15

20

25

30

20conprise a photoresi st and may be fornmed by neans of
a photolithographic process of a type well known to
persons skilled in the art. An et ching
Wiy poessssadapted to renove the material conmpepigiughoro2456¢
rhodi um of the layers 214, 217, |eaving the mask 218
discharde, ph@mhlaygmvesb@ue&fsu(ﬂ ralo@B tridicals MabEibds e SuBSE@Nhd c@thihy gas.
intact is perforned. In sonme enbodi nents, the etching
T%?"Sfe'é%* f%'ye thecics My frack e RiE Y wpfr Be @atarial sompebing cheihimity; layers
an etchin

ZI%Q cﬁ a%&%}f’f}a rglctmn ﬁ;’ﬁiﬁxct {]ihe Vﬁfa)me redéuofqn lpwgtﬂs FaY l%grpgrgp%? out of a reactor

ves€ Q'mre@ralhe &Q%QJ‘FU@Q; G QERY heg ] ﬂgpattalcd{laf?r\}om@ie cltmﬁalgtrgﬁ%nds comprising

di scharge may be created by applying a high frequency
rhodihih erdriladrineiganbe brtageg ommelhatiundn ¢ @grseod, tiage whi ch may be

a low frequency alternating voltage or a direct

vol treger emstditisatn Pffh@s deigerdtet ot gtered ézx ti]trfeﬂb!QZJ@ may g regmved
by %l&keng'é){o el ¢ emxca, tcin LA the VI C{ nl ! O

sem conductdr'st Etp{?FeéS BB AF Cﬁ%?ﬂ*?tve*f”i?‘““‘twg SpRRyHed © 4
solftib EHURRGNca B

be applieaﬁggﬁﬁmgﬁiﬂgf%gk%@gﬁ%ﬁgﬂgiggﬁglﬁ?ectro@gﬁcﬁﬁ%md
maBOwhrisE eom aodie hpifopdnhBlorel, @@kl B @S prbSdefd @ ifddh@ 8F ah RyuéiSsolution,

vicinity of the sem conductor structure 200. In the

gI OW“W%S’E’GYGSYCUP%WZPPWMQZ@E!W @Q&Iﬁ'@@dmoswhawg@p in a later stage

of tgc, ?nuP acturin % gr%cee%?téﬂ\ft\c/re {) Elﬁg ?r?casm ‘h‘@“g? @ﬁ(itaﬁgesrétgégdd%%gp!d%ple by

me‘ﬁhﬁ mkl%afln l'eylslrstﬁﬁﬁ}t)deéé eA@pﬁ@étcﬁﬁlf, H‘@&ss s@@ﬁﬁuam@ @Ea%%!:r% Wettvan the
the material conprising rhodiumin the 1ayers f,

mat@ b7 comprise@ tsilvagin @acty of ad dohert KAt ,i20n 2py ©AMERd Sy Hd@yers 214, 217 of
vol atil e reaction products may be punped out of a

matgrighcompyising fgdiwy- W%W%Wﬁerlalﬁémié’ﬁ'eg’ﬁ"m mﬁqu@étgescoptg:t vias 211, 212, 213

o BT e BB o e T B b FSEPPSEE me

mat&tﬁlﬁcoﬁl!ﬂ@ﬂ}; Mmldnnmlyrﬂaﬁvéng%gﬁtét WRehon 1R Lifter and the material ol“ tqe SHAEE layer
enbodi nents, portions of the layers 2 217

NOGmm@medmbycﬁh@bﬂh&&m@&ﬁmﬂ&MmﬁﬁmweﬁQMﬁdmhymﬂEﬂﬂﬁaﬂ%h@mmmm
wet chem cal etching process, wherein the

Siab§‘é’mconductor structure 200 is exposed to a solutlon
m cal |

of che C ound
r ho 8%;@:1( nvenuon %n:pelver is {1 ret;tmheé! n? 811310&1818%\813%8 tlﬁ:ﬁvers 214, 217 of

mat& I PhprE R Ql&ﬁlﬁrefoﬁ‘{nzﬂc/q&rwhn){ dHeeeMy ch?rporein§muM!hg Rn%%mlﬁ&lsmg
provided in the formof an aqueous sol ution.

silvfFipgudd iRde Sk owsctaiasZheatix 16 oS smBe@ihto padr to\/th(ewnﬂﬂion of the
t he sem conductor structure 200 in a |ater stage of

e IHE et tiokeing 2pr Sewesl comrtsec thecthsn leqaighi mg bcmo@@eécscomam

vmst2hk62]qazg1gm lb%scfm%\netd lgtgore t%{m%rmdt:dn o v%? ie(@i‘ﬁy?%é? e’IEhE, ma}hléee}lone by means

kKnown™ r pf ocess.
of alpirﬁlsﬁlﬁ:@ﬁ ctclﬁ:ﬁﬁhﬁcéﬂldhﬁédlt(yre%e %@tdn{lﬁy hd?&&(af %ﬁ%ns%?th%?&p 21,t4|1ﬁthe
mat eri al corrprl SI ng Si | ver in each e contact vi as
boughi df, thezm@u vt 3t 1§ F2.00ve n Bighebychtdrahdn ay:ﬁcb'ns of28edgyer21 ¥ onQfe sidewalls
mat eri al n$r|3|n rhodium Thus, the materi al
of the SHHFY Vigs 7n‘¢1 RPefn b cwbadimeps. the Raiersbiamarisive vilversf Pelsted layer 215
and g%% er %%Scom&é theéﬂu?o% roF eu sr(])grg T (Xx 2@1% &agﬁ%g%frodf %@ alncgsl}ee?ram region

risi rho
209.2 Lifhthe ZzﬂaZa-lmgT;h&:cMEr%Frbe@laﬂ& RS rhloR Gf {hQ Qi umg, %Monp BPM9 m:tena[
a contact between the silver and the materi al
comptisik Blotrri tee Howoyrerf th2doDtact viles |, Pr2o1ie ehy mgt duév@cady Mhetre stuaih of the
chenmical |y and nechanically. In particular, rhodium
sourge EEign 1Py h"“'c BRfrickaides £05p ] they draiphesgipt @8% rfermingvie itvkroilicide.
however, is not restricted to enbodi nents wherein the
| ayers 214, 217 of 20 material conprising rhodi um
forma cage which substanijally conpletely surrounds
the material conprising silver provided inside the
contact vias 211, 212, 213. In other enbodi nents,
prior to the formati on of the seed |ayer 215, portions
of the layer 214 of material conprising rhodi um
| ocated at the bottom of the contact vias 211, 212,
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25 bottom of the contact vias 211, 212, 213 at a
hi gher etch rate than portions of the |layer 214 on the
sidewal I s of the contact vias 211, 212, 213. In such
vanbogeseat s, the material conprising silver pet/usherozeses
seed |l ayer 215 and the |ayer 216 contacts the silicon
Adpftagehelysel fmmutmlegi N siROGlickih @nyg@dperedibet tanad aes20fme aR@een the
the drain region 209. In the annealing process
i '}S'é‘l[l FOEPHEE ST Re OREC Figr AR o 3 ofd telyairck gyer 209, 11@ gate clectrode 205
Il ons the material conprising silver at the
amﬁ%dmmmg%‘éhe contact vias 211, 212, 213 may react
chephGalelsyowdh fchentaf €3l dedt G QMVQS of P& RO G&etirE 8o A jater stage
208, the gate el ectrode 205 and the drain region 209,
of thanamefmrgriag iBicksy eimifait b the imaheifactumethod according to the state of the art described
2008/ 066884PCT/ US2007/ 024564 Advant ageously, the
abopy l‘”ﬁ‘hf"fe&ﬁceo"r’ Haes &1 1oy erdavgui2tiofle diglasirin @?[ﬁla'r @@u@efma’ed over the
:em(i:c%[xatug} (v s{ruc, u{ehl%B at}geeh be&ly}en%n ct%r?_p%s ngeg_ggle %i 1a ﬁsdthet lﬁ)gr 9!0 OF may

cont act “Vi'a
co ngvﬂiéra‘aﬁfenreﬁ Qa1 20 Be robBoBREE 154 241 Jeﬁ)glﬁon%%esépgel S o persons
rain region 209. Figure 2c shows a schematic
skiled 0sig-as.e@t hsalVal an/or@BCOD, nalhg: eg@ibfeconduct or structure
200 in a later stage 5 of the manufacturing process.
Si M“I‘*&r’ayﬁfozzf Hfé“ch@éﬁ%?f &6t Brtisigar ﬁ%ﬂ‘h%Ch&c@éH@} A it dhe emdiment
ar t above ference to

des?ftnait %ove rmth refeienge toeéulgures Faqﬁﬂay O‘fe nﬁ? engizt”Pﬁ RUTROSE é[}eih%qs of

phofmt‘ﬁog%hy 04 AR QMBEodNE pe?s@msﬁﬁl:@ Ut Fnayte G IH Eh@ Lrg'uggs 222 223,
The layer 221 may conprise the same nateri al

224] ayeter R0 2250k seadilpyeE QIMInH & @aya 206 6:Fa@ reemcalryabﬁmdnael ma:dnm may be
the formation of the layer 221, deposition processes
forggdi | known to persons skilled |n the art, such as CVD

and
tr e{qu me emg'\/ﬁﬂemg% seegﬁﬁz SITI’%I cfge hyter 22F?]f elgfl?céﬁy '&’é‘,c“iez‘?“eml may
conﬂagsg copgeg‘]'ln kb Enh)@du%motgé lﬂﬁl@xtlayglffﬁﬁlwyka&q:n@bﬁ}ﬁEm%a‘%olptantzgum nitride.
hi

reference to Figures la-Ib'my be fornmed. For
ThepharipOge, 22fretieiso @évep o adai tdiegh aiphyon andpet Bdvi Bgscaalykr 227
known to persons skilled in the art may be used. In
zmdllohén: tl}ygn?gﬁéxgo glzziiclep_tg(s matzriqﬂ_ of 5}6 P 426 rang 'gy)eq{heggcgnporgntq of the
semﬁ:&%?{:(or aXl?ture %&)7 In ]i)aqlcgar tﬁé’ %ﬂ[’!‘l&ff oyer ﬁf ma)ﬁ_lgfﬁ)l,?leeg%g_rg re uce a diffusion of

uctive nate

copRARROMITRAL Strecil (RRIHESEh, k@y%t 2 eeduc@ Oy hl'@%erlfoﬁyﬁgc A28 Rl cfrect
electrically conductive materi al may conprise copper.

At dn$smr§gt;hue emixeel inpedy $veld br@selay me @orboayi@r of 22 perMBiyhs into the crystal

onprise tantalum and/or tantalumnitride. The barrier
W“T“ﬁy%‘“ thf—’z%ﬂ?ﬁélwombﬁmte&obmex/@n%vbsmua'atdVPléfdstThfr sefulewsr 227 may be

th ee r,.22 d/ or
ol b Pl OO S g B T TR TP el gl
221[n ARkl ehdligemt lﬂ@Eeed?n%p@ﬁ el lz@gr hdg eﬁ%l%‘gm%gteq{atenal may
structure 200. In particular, the barrier | ayer

be cprgryisddef pmaurid ventrisiay silvee dieran abdhinfiaflyQiraOhveodr o siBOY ; aﬂ@pﬂ@ be used.
into the field effect transistor 202, such that a
0 sy R GORATEH B b‘l"]"fé'a}‘féﬁfsd?dﬁﬁ%@é’!’fdﬁd of Re@tpriabfogeising ghedium, similar to

the 1€>{1Ff’|£‘ g&e% abovo%l er t E’lg fo(rjn? ??n of néerﬁlx the% rHtgi&?rgé%tngPr be ermcd

ncor poration of Nt o
w:ﬁﬁ&@ﬁ%&kmgohjih&D%ﬁﬂ%ﬁ@ﬂﬂﬂcﬁQ&aﬁHkﬁhf%iﬁm w@g%mmﬁﬁcvm
e

substantially avoi ded. The seed l|layer 227 n%y
PECV®randéna elbxyrolesh éepdsition, e@sar pl tatformgiion @V s@didyeor | S REGCWD aBdve Similar
the | ayer 226 may be formed by electroplating. In
o "‘Bf’??ésr'“"é Aottt §f the ipperiglesaprisig wyer. e Fayer gt ¢filscicalipecpnductive
226 of electrically conductive material may 25 be
conprised of a material conprising silver, wherein
substantially pure silver or a silver alloy may be
used. In such enbodi nents, the barrier l|ayer 225 may
be conprised of a material conprising rhodium simlar
to the layer 214 described above. Simlar to the
formation of the |ayer 214, the barrier layer 225 nmay
be formed by neans of sputterlng, ~ALD, CVD and/or
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30to the deposition of the |ayer 216 of the materia
conprising silver, the layer 226 of electrically
conductive WD 2008/ 066884PCT/ US2007/ 024564 materi al
wiheins/eossr i sed of a material conprising sil yegugRy08s64
deposi ted by neans of an el ectropl ati ng process.
maifitl ehentdiepris@iratatriaomi ofnptidg sihayety 12 A6 ooktd Bl BGdsd eadideyoplating
conductive material, a planarization process, for
PIo&Xanmpl e a CMP process, may be perfornmed in order to
A T e MR R
exa%?uﬁ rd(ﬂ'ﬂ)ﬁsprgcgsg, mag b peraftd :rﬁg&u ol @1%!3 Ipéﬂ:ong i hhe feyer 2%6 of electr:cally
anari zation process, portions of the barrier
conﬂ@ﬁveomms:hid@d i eseddri@C e SuRidR the 242dhes 224 29’1&)@2@81&&@%‘%? da the
In sonme enbodi nents wherein the seed | ayer 227 and the
plapagRaEen poogs. pifiticat o e qufe?aidlreyﬂé o de irgnehen R 823, 414 n@mbppvmos@
S|I%g£mggqm&he b arri eﬁ ayer 225 conprlses r hodi
t he bart i er WS?brefﬂé‘zﬁenSFr?%ﬁﬂ%gﬂ Yﬂ:¥%8fd“”m””0mﬂm“w

madtiaR
B B R S5 21 Lo R TRIL Sy PO L PRy
the BRByizaB@Grav@y beuch enm¥RehispyortiRaN Se 6dried Ay D Buige the trenches 222,
process, simlar to the etching process described
223a%96wy ?e@?movehléw FerroV al e pie potessisonis tofie etiee paseerdesdbdd dpve for
he Mq%a S & llng Hgodlun1out5|de the contact vias
P 4 Dp5h Pier g e GTTSAL Qoo FuH Hefonrdyay b2
21308 6hd &Ibocﬁ:@e’m ra' f§t{h5}ga S&Pﬂd&é&ﬁﬁ%&lﬁ%m;?&hd‘dﬁ?ﬂr@gj bk var e trenches
trenches 222 5 , simlar ormati on
222t 1@, 2bayietar DA% fﬁ:r&aznm&fetren@kr 2COITRktSI A@pdishh@ Ehodiih O¥Ake ctn’(:h%t vias
contact vias 211, 212, 213. 15After the renoval of
2“d6?ﬂﬂ%ns of the barrier layer 225, the seed |ayer 227

26. of ctrical] conductlve mat eri a
ot 1R (RN poRERBe T a5 354 PRSI M g 22 o
e%ecﬁ@zl‘llty'c%&:u%fmﬁéﬂﬁ%@mheatyee&eﬁchl:s%b d2§3 tzﬂte lEJz rre%%im Eor%%szdf ll‘%%?idyers
24 formel ectrically conductive Iines
msmromezﬁcthcst e 28D ardcernt @giriony 208icti Mees gake m@l @%&t@ﬁ@o@%g:on

and the drain region 209 with other circuit elenents
208; the effecletvfe @Bhed diegrain tegipre 203 rveth 20@, ciElieddmeite &l the semiconductor
strucqure &?ﬁHeagr(l)c&!rcgnen%%q)e}w%%é}glglggrﬁc%l Cﬁ‘t?ltj%fect%gﬁd"g%%“!r i\égréel r!zg:gsz’o& the
gatcﬂzﬁb@’troﬁbﬁ)ﬁ drBbdgckig %Qﬁzo@ rév%lecplquw gﬁ@lal%margﬁg mrgrol/iguld in the
conprising silver provided in'the contact vias 211,
con@d Pips 220312, 213. The particul ar enbodi nents di scl osed

above are illustrative only, as the invention nay be

modﬁ"hf P‘é‘&“la’r?d‘b‘fﬁ'r"ﬁ&‘f figeloerd g vk if’lé\h@mwbuts the dpuiénvieal nesmbe modified
t hose sk havi ng

o PR PPN bR R g e e St oot e
teacRRQGESS 8- @RwpR She Sk BreRRQVE (L BN e p@y PeeJJf&E]gHB] aldPéeng order.
different order. 25 Furthernore, no limtations are
Furthemrbeq deldnita@nt heindetdab ks dafils eansinctiior &h@grOtferedl&de@,rbther than as
herei n shown, other than as described in the clains
desciped g\ghe clagms |b§°"t Hey ‘éﬁ*‘tﬁ?f@evé%‘ it partipalpr elﬂh@mpﬁatﬁ thipctosed atlove may be
a]terg(rrp ox%ldrﬁgcp (tm% aﬁl suc% var dt:ons gre g?néld%e w:i%&a eﬁl eﬁ%ﬁfﬂ{l%fpﬁu gﬁge mvennon.

such vari ation

Acc&&Wth@ﬁQeaﬁ@i shight h@rﬁm LR eNhd ks vAGEOr di ngly, the
protection sought herein is as set forth in the clains

bel ow.
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What is clainmed: |I.A nmethod of form ng a sem conduct or

structure, conprising: providing a sem conduct or
substrate conprising a first layer of a dielectric
mat eri al ; formng a contact via in said first

| ayer of dielectric material, said contact via
exposing a portion of a circuit elenent forned in said
sem conduct or substrate; filling said contact via with
What wataenedl conprising silver; and forming a
silicide on said portion of said circuit elenent,
wherein formng said silicide conprises performng an

I. anneahdingl (IOGRsSa adrtiefndlibt itngusaicBmpRak@ct via with
said material conprising silver. 2. The nethod of

cl afRYIFINgf {reRERNESHRSr TEEHYC FOMTIHgS ot INagfelayaf ofaa dielectric
matdBhieri al conprising rhodi umover at |east one of a

sidewal | and a bottom surface of said contact via

pr i forming « L¢t1t£ichgias'@i &dtid:ﬁmt aoyfer wi diakictiiv maﬁcdalmaierdoaiact via

i of. ¢ erein
exoGQITBR p8 A8 of b blvcioniine KGR TREselost el st S
addii ltihg)mﬁdi bonhtdco ke thoviakitePOrcb hprsin@ il waild
sen conduct.Qr, substrate outside said contact via. 4.
The OB R G btide P 2ortiget sl duud cleamatwisscipflowaing said

salld@é/&ﬁn&fscmxﬁﬁrhmg a%%ﬂ%dhﬁb B%céﬁ%‘#ﬂcpmi‘ﬁ @EHH 'cﬁﬁﬁct"’um with said

| east one of atomic |ayer deposition and sputtering
matgrial TR@pHeingedvest claim |, wherein filling said contact
via with said materi al

2. The method of claim 1, further comprising forming a layer of a material
comprising rhodium over at feast one of a sidewall and a bottom surface of said contact
via prior to filling said contact via with said material comprising silver.

3. The method of claim 2, wherein said layer of material comprising rhodium is

additionally formed over portions of said semiconductor substrate outside said contact via.

4, The method of claim 2, wherein said formation of said layer of matetial

comprising rhodium comprises at least one of atomic layer deposition and sputtering,

5. The method of claim 1, wherein filling said contact via with said material
comprising silver comprises depositing a layer of said material comprising silver over

portions of said semiconductor substrate outside said contact via.

6. The method of claim 5, wherein said deposition of said material comprising silver
comprises at least one of chemical vapor deposition, plasma enhanced chemical vapor

deposition and electroplating.



conprising silver conprises depositing a |layer of said
material conprising silver over portions of said
sem conduct or substrate outside said contact via. 6.
The nethod of claimb5, wherein said deposition of said
mat eri al conprising silver conprises at | east one of
chem cal vapor deposition, plasnma enhanced chem ca
vapor deposition and el ectropl ating. 7. The net hod
7. of Olcainpths] of whaithe, immlmnrqompngmgefmnvvmg ppaiots oAsaidflayer of
sing silver |ocated
mdé”?comgygggﬁ\ngC§8?OVF§ rqr‘chonlkl’t‘gVﬁ\ethod of claim 7,
mhereln sai d renoving portions of said |ayer of
qual conprising silver, |ocated outside said
8. contgcbetiybolcdmipy I-SWE R s ranAY e PR efbiaidareyadinesgrial
conPlsingNiRG: RcRC8SSitside said NSnEL IUQldc pt fsleé‘g@fﬁ nid W Wt 08 hical
conprising renoving portions of sali ay ferial
mechignipalipglisigng prodisem | ocat ed out si de sai d contact vi a.
10. The nmethod of claim1, further conprising formng
a layer of a material conprising rhodiumover said
9, senh!ﬂ:omium of chiSt ratiey cslﬁhpdslﬁ@ﬁﬂﬂ&\h@gl pOiftiosabsdi@YBler of
mat er.i.al mprising rhadi um bei ng performed after
m‘“?“‘t'l"?'ﬁ@‘ 1¥5g '&"‘Ogiﬁlﬁt lge%tﬂ%?lﬁ%at $ SiF Kt eri al conpri si ng
S|Iver 11. The method of claim 10, further
rising: after said formation of said |ayer
10. of Tt @ethad doslp sl nigrthétodbrapnsiforfoimioe & fresk of a material
comg)ﬂ\{lﬁé 1@(91r1]13ﬁ"soqr[:v9an& gk lgglllcﬁl(:{(}i' subsﬂfa f%ﬁmrit ZO”THN%Q 8ﬁiszH§ layer of
matmad)cnesﬁn1adgph@xdu=hobemeﬁp®1®o1mﬁ t’if[@nfflﬂ'fé, siad dotayenia ofith said
mat er ri sing rhodi um which are not covered by
’nmggtamﬂﬁéﬂﬂgs 5" The method of claimI, further
conprising formng an electrically conductive line
over said contact via filled with said materi al
H. cortpe g o elaied . fyaher copitisioe: via filled with said
[ v | el tr cal
Corecrl BRI T g B RSB AL R Pl mest
covamg ssidicdnteé¢trnaafiticdeligimeid mﬁﬂtrmﬁabmmlsmglsdvcseemdconduct or

F opriaan a8 RS oS el I e e pR BT Sald fayer of

matdrr Bongisthf thedidmaliiecie hbanst&ti0OF s@lovRK a
senm conductor substrate, said field effect transistor

conprising a gate el ectrode structure a source

(2.1 eg‘h@ﬂwti@ﬂ% At @i ﬂttﬁ&gﬂogﬁ& ish &]npgv%é'ﬂt dislie d?l& oﬁductwc line

mat er i al ayer above sali ct tran
over said contact via filled with said matcria! comprising silver, said contact via filled

with said material comprising silver providing an electrical connection between said
clectrically conductive line and said circuit element formed in said semiconductor

substrate below said contact via.

3. A method of forming a semiconductor structure, comprising:
forming a field effect transistor above a semiconductor substrate, said field effect
transistor comprising a gate electrode structure, a source region, and a drain region;

forming a dielectric material layer above said field effect transistor;



formng at | east one contact via conprising sidewalls

and a bottomsurface in said dielectric materi al

| ayer, said bottom surface of said contact via

exposing a portion of at |east one of said gate

el ectrode structure, source region, and drain region

of said field effect transistor; formng a

| ayer of material conprising rhodiumover at |east one

of Lanthgsi desaink sowfct yai cebnamssingaslt:wa:hfseandmritoaom s,wfacc, m said
act v

dlc{ecu 1c mﬂcn‘?’ﬁ‘ 1@/0? Sc’l{dq)()éhla SLiﬁ"lLL aISﬁ@rLﬂIW& Vi éxqqs&gdiepodﬂon of at

Ie‘vsa:lnd opcsatil gine otcatdel seasitiredBeuef regaind agaiRIe RN AURId field
fstructure source region and drain region of said
offc} st ect transistor, wherein formng said silicide
CONBIhHES IPRE B%%n% &%p@@ﬂ@%ddﬂgn BYQGERR i%H: SF said sidewalls
filling said | east one contact via W th s
Olsﬁ’é*tdé#qa@llonéoﬁrpmtsm’;g silver. 14. The met hod of cI ai m
13, 1 Si f.or
cor(Hlite gk ERERE Zn0g VI i sREb LRl one
t [ Ifbenimg/latshl;cs&i ch mad poitiah of aMedt Shagf sdid Y&E clesbdb Akucture,

| east. one ontact v an electrjcal . o
couEG ATt FOH BB Geeho S oY et ¢ iR, EbsteidpTes pideiliide
conthideeriopdls HANRnSHing Bl cgali@r ﬁllﬁ%tsﬁlgd@ Ecﬁgtro‘r‘l@tcHﬁ@ct v1a with
source region, and drain region of said field

saick inalpadl sp@prising silverhe met hod of clai m 13, mhereln Sald
deposition of said material conprising silver
conprises at | east one of chem cal vapor deposition,

14. pl é@mnahh@nﬁeﬁimhérﬁmﬂnh tt(ammsuq;emh@i nelandcally conductive
hod claim 13, wherein

(]l
ine Gy S GBI GRe g it TUTor TG po el o Boind Sl sid a

least @i EER&OMAA | HESIdRAL hieasdcuRRe c@fmc@h&mﬂétvbé@:}r{eﬁld electrically
deposi tion an sputterlng 17. The method of claim

conquptivihas anthaldeashpekplessll e elagitpdgiseneseer joprdeaggion,iand drain
;cmgﬁ@§§@51&ggpb ¥§§ggt of said gate el ectrode structure

said ect transistor. 18. The nethod of
claim17, further conpr|S|ng pl anari zing said

di el ectri iof to.for sai
5 Toadf bbSeShe Bt U MR B Hhadagmptof eohcamprising
si IVWK&T igirRephtala ioak RY chérhidaldi b e aédosiCio B I8ih AbnHaAYEQI chemical
ri.ses performng a chem cal mechanical polishing

ap%r %§§““”§Gk&WH@dW§ihod of claim13, wherein said
material conprising silver is one of substantially
pure silver and silver alloyed with a noble netal.

(6. The method of claim 13, wherein said formation of said layer of material

comprising rhodium comprises at least one of atomic layer deposition and sputtering.

17. The method of claim 13, wherein a thickness of said dielectric layer is greater

than a height of said gate electrode structure of said field effect transistor.

I18. The method of claim 17, further comprising planarizing said dielectric material

layer prior to forming said at least one contact via.



21. The nmethod of claim2, further conprising renoving
at least a portion of said |ayer conprising rhodi um
fromsaid bottomsurface of said contact via prior to
filling said contact via with said material conprising
silver. 22. The nethod of claim 12, wherein form ng
said electrically conductive |ine conprises:
formng a trench in a second |layer of dielectric

19. mat B alethodr pfedlaabolle velaiven f plalgmwlngy&nd aficldivél ectdriat layer

COIT@FS@J%SO%OUHIHU acl ClﬂibdlrnﬂC(,glalltPafl%g%}lﬂ" P]Ig(:%?t :r ISlaldeV\ﬁ| |

rhodrum over " a and
a botton1surface of said trench; filling said trench

with a material i ng si | ver. . 23. The nethod of
QOCIJhﬁTm%ﬁéFéWWb dW %@Fﬁﬂ‘EG%%l@W@”ﬁIV@@F%WW(”
subQ R a@lf; p§1%t§ﬁ§/é%1ﬂ§‘l¢c¥ aRdyed vath V&b @Rdagi | ver al | oyed

with a noble netal
21. The method of claim 2, further comprising removing at least a portion of said
layer comprising rhodium from said bottom surface of said contact via prior to filling said

contact via with said material comprising silver.

22, The method of claim (2, wherein forming said electrically conductive line
comprises:

forming a trench in a second layer of dielectric material formed above said first
layer of dielectric material;

forming a layer of a material comprising rhodium over at least one of a sidewall
and a bottom surface of said trench;

filling said trench with a material comprising silver.

23, The method of claim |, wherein said material comprising silver is one of

substantially pure silver and silver alloyed with a noble metal.
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