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SEM CONDUCTOR STRUCTURE W TH | NTERCONNECT COVPRI SI NG
SI LVER AND METHOD OF FORM NG THE SAME BACKGROUND OF
W(T_HESAOWE‘NTl ON 1. FIELD OF THE | NVENTI ON _The pP@B/ESI007/024564
SEMIFOSE0@H! Sredeteimi vy TRrAlRfni@ theriabid GaléN A% meTHOD OF

FORMING ek RgE Ci rcuits, and, nore particularly, to the
formation of electrically conductive features

connecting circuit elenents in integrated circuits. 2.
DESCRD7TI ON OF TBECRE NETHE INVENHEONG circuits
conprise a |large number of individual circuit
el ﬁgkm%Mn& stors, capacitors and
releztsf,pcr)ers%t disc g%ﬁ déen%r \)'ere éegtrtcg rtheeggp%géogs?nb tsﬁngt?cp %irc(l)ufts and, more
partlgdl:frgfufo tite foﬁllﬂl?lbn gfseh%? g%?rﬁﬁéﬁ'v& %§ture$ Q&B&ll% chJClﬁteéen?thg in integrated
m croprocessors e ormance of I ntedrated
circfik.r cuits can be inpr oved by increasing the nunber of
functional elenents per circuit in order to increase
2. t heDESORIPTTONSOK DHE REDAZED ARTand/ or by i ncreasing the
speed of operation of the circuit elenents. A
r edotegritesincinsfitsf comprise @ Igtige @wntgt ploindividimb cfait ey sech ag transistors,
greater nunmber of circuit elenments on the sane area,
capapifopscagd feﬂé‘?réaE‘PeFFge'W@S 1“6 FROPSCISTh BY Meaps ffeletglly panguglive feagyepy to form

d del th
R R LR ST -
mteg?z!te%r@rmt? c:plq)%‘chln}m»%d bmcéggg%%urﬁﬁegg dfuﬁcﬂo%ﬁéle%%%t?&;&%rcmt in order to

rcurts are reduced Isticate ues
mcré‘aﬁ(}h’é GiRkGled RinQioRlBly aﬁ@or@ngctré‘ahﬂ:gathé %e&lod? RE&Gtioh BEE LifGi bikments. A
el enents of the integrated circuits. a greater
reduttiofidefeatode si2és ADlbiwd the FoRxARIOR Sf 4 Eredted MiRtdr strbl&heelaﬁme o iR @ame area,
it may be necessary to reduce the dinensions of the
hence ingre¢smig @alflllrytiqndmjcufcltei cyranitf and hlsr redicingsigialdeepagagon delays, thus making an
accommopdat e the electrically conductive features.
increage@f e Re) of gperagoned pirui elemepts pespiblact i ve features may be

formed in a plurality of |evels stacked on top of each
ot HErea YRSz éwfﬁratwtcawmf& Bt ceppicaed feghviapss essvwlred in order to

elect?gaﬂdyonn% ?’t‘?‘le L?ca& Hrq?e%tslop the n%@r%{ed Llﬁ:‘éll sr %0 angr}t%?er num%\c/reof %lrc%{t €lements is

formgd &i‘ theSEme ﬁr&I f m@y l§3| rleéegs% toslléchéé tﬁ@&lﬁlermaﬁsro@ {h@ el@dtﬁcglw donductive features
el ements are forned and is incorporated into

in ordéryts haadmrhathtt khe @le@ficall N @n&icliteGaikurs U BaditicAklg), eld:ﬁﬁ’éﬁl]y conductive features
inmpurity |evels may be created. Such deep inpurity
may befpehed imepuréliaaf ldvels gackkdgn g ataadivtef. t he perfor mance of
circuit elenments such as field effect transistors. In
or demofesn ajegraged srets. pricsF s ondagtine foajueealin: Righthdniargopmst levels are
ween circu el enents and the first |evel of ’

oL RiEPPRT™ ORIt Ve ' 1P & SYiFoB P YPerritglicrelements are
formten#’l nrgls% ?J(l,()rpéatg(]a g t%le 9 sta] art]tgge I’(])? the si Ery G strdt ({eep V\hn]prrl%éevels may be

ure accor ate o e ar
creal@@ Sﬁle{ &@;Sjlmpurlty levels may lead to a degradation of the performance of circuit elements such as

D
|
[
s
lw)]

-]
>
i

field effect transistors. In order to avoid such problems, electrical 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 la-1b. 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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with reference to Figures la-Ib. Figure Ia shows a
schematic cross-sectional view of a sem conductor

wa@eooaosasse 100 in a first stage of a manuf act uPCNYS2007/024564
nmet hod according to the state of the art. The
s erfihe endevadwotor gturtuet100 eondpitks @BNRIrdtS €8 . aThs WidstiafealOe, WHich. may, for
The substrate 101, which may, for exanple, conprise

exangpld, pagmprise sdigenp edmpeises a figlil effegt teanfissert! 02 r Eha dield effact tta@Sstor PARcomprises
field effect transistor 202 conprises an active region

an a&‘tys regign 4 p srce &5§io8 {08 g aaiim* weien Hion I @‘QE"PJ?F of rgnufaciyring methods

s _of nufactun

scoo G g ot AP Ao e PREReY 07 P e ARG e maeri o
the él]g%atla Stoﬁnqa%t ﬁl{?})g;c} %ngrh%l %(B)rger r glglh ‘I?OSm% e d%lm rgglon hﬁ may fﬁ é\l doped.

Sstrate ed"and the source“reg
Con®eRely tiR ExafhpRe 8F nfaf&th@Rind Qﬁ&h&@){cc%m%koqm of %Qﬁwhéahﬁre field effect
i n exanpl es of manufacturing nethods according to the
transistodl @ 104 P-typetakiftoriescaiatedidnel 08 imgy & Nedidperdnd the sdusce Sdgidh 108 as well
102 is a P-type transistor, the active region 103 may
as thb draiNrdop ¢0P raayde Plieped.oThue @ PNegnsiion @8 videl anei ihterfage tehveen the source
drain region 109 may be P-doped. Thus, a PN transition
regiqng! 0%, andhphecheiéye ageiog i 03 ‘ﬁ‘fi &t AresTaprcheyysemihe drain segian 4Q9 ang tie egtive region
103108 and the active region 103 and at an interface
between the drain region 109 and the active region
;Ograrf p]? tféeé tlgagasqor géFu]gtflerr %‘En?epéfé%)%rgate glzcaroge { E%Enkgcp g}pa S|dSexevSll spacer
struoﬁIrcr HﬁtaHJ @pé‘rggd Adaeins g@l% ﬁ:&l@ﬁj 163”9/@ éaQQUsgl%dn\{%err ﬁ‘)@l Ared@3isotation
by a gate insulation |ayer . trench isol ation
strucBird’ 108 Ipkofideslebdurifl OMiIABS bedh @R EhE IﬁSlaleffdcﬂSaHi@JrllQﬂanb Sth¥We8Llit elements
the field effect transistor 102 and other circuit
in the begripemdustor spudiine 1 09 e Mhed@hiG et Gansistdrr 102 by @ fdreed by Tnensfof @ktbods well
effect transistor 102 nay be fornmed by neans of
knowpp toh prisenseNiljed Kip dlen art. dn%@ﬁrgoqqganqui fe¢haidueis rpf tipre ireplantation, deposition,
ncl udi advanced technlques of ion inplantation,
‘mmﬂéﬁﬁgwpﬁ%ﬁm&ﬁﬁﬂﬁﬂP@FH&EFHﬁhy, etchlng, oxi dati on and

an ne ¥e{ glg) of éA d1f|3190¥rﬁ magénq is, dfe%(isneg %t rbstpaferm elrhi %éer 1 ?0 may comprise

depos over str ayer
snllc&xocfmfd'e Ssﬁlc§r| Jll!l‘lggg}]dgl' Ql)fdoﬁi gxyn%cﬂe aﬁooﬂaﬂetf&kn@?bﬁﬂé%s% known deposmon
licon oxynitride and may be forned by n¥ans kn
techrd@@@%hdhl 49 thénB&N RApE Bpositol GOVBS arfdNBIng @hhavcad @lfemxcal vapor deposition
deposition (CVD) and pl asnma enhanced cheni cal vapor
(PE@EP O thicloess (0PRERr . 1 1(Ambyhbecdtaes arDd heigheof] tigymate ekdifdderedf. After the
be greater than a height of the gate el ectrode 105.
depogifigneqf theHayerdd Bosknp i plangfizaioneprocgsp esuch ap @hemicakmeshgpical polishing (CMP),
anari zation process, such as chem cal nechanica
may S%ngfmew OE’@N/PP'a"Wa‘iSé?f BelkroiPed to obt a| n a pl anar
S uréoalgc? v1as 1 1 1 ﬁ t2 lqy |are fo]f%g)d.l.lﬁ. erlg?zgcltl?]vi"oatﬁlﬁ and %m%%irégt ]hﬂ\g?) covering

are forngd in is e

the IQQIOWB)WE Y @{chﬂlgn &thﬁ)s&l, &ytﬁ)'ﬁs \l'ﬁlegm\%et J&m&@ enaseﬁ(l: e]'% 'l?ﬁnarplfo be formed is

hose portions wherein the contact vias 111, 11 13

form&{ &vert the BRicriAGIR Ghrucrel106 BYEAEaMVGE knotWhd ﬁ\etﬁ&ﬁbﬁﬂﬂt@hlﬂdgﬁibhy. Thereafter, a
structure 100 by neans of known net hods of

knovphiobs@dopit bxcigimgapodesss, forleanif 4 dy etchinglprooass) ispriif@méd 1o imdve those portions
etching process, for exanple, a dry etching process,

of the daygrelrlf oihis dretngt qopameshity thehoask b anisotrepy of the Prehidgapresess T help in
whi ch are not. covered by the mask. The ani sotropy of

Obta'lnﬂéS”@i‘@ﬁ?lwderﬂ?"b%@§’§"5ﬁﬁ?}e ﬁ)@‘aﬁ Vlaf’ll 11,112, 113.

The contact via 111 is formed over the source region 108. Thus, at the bottom of the contact via

111, a portion of the source region 108 is exposed. The contact vias 112, 113 are formed over the gate
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obtai ning substantially vertical sidewalls of the
contact vias 111, 112, 113. The contact via 111 is
wo eoosmehse/er the source region 108. Thus, at tPET/D8100TOR4564
of the contact via 111, a portion of the source region
electldd8 105t drsie tegiol @Y, earttady. Ménas tht 3ide eldtr3deaDeis Bxpostr @k the bottom
over the gateel ectrode 105 and the drain region 109,
of the eanaescviaj I 24ng the ideaimaegiont] Ais grppsed atlthedpitootid the 0dhtactsviaebt hos ed
at the bottom of the contact via 112 and the drain
redp WcprlegOfé'a@,aw‘%féw"&wettwéa%?jﬂ%ﬁ%t*tsﬁtatenéthwhew spp dgyer (not
113. I.n sone of manu act n
showdli&og}pm litgga Taée”f‘lh%rggfs eltcgedoalt g cantky&lowghg@tr&tﬁ It?lé[t %blel%{Vézljnaterlal of
the lgﬂpq lOS\Jrql@an tqro%%?&é[)ét&éep gne@iemtcfgct tr sxst\(\)'{I L& aad?ﬁ %8'? hﬁg %us the etch

stgnifi wer etch rate

proc%%§ 'b@lrellgﬁy Et&%ed AYRbn &l FEYI Ikl)el 1Bf pl“é'ﬁéﬁeqatp%vﬁ)@pl 1*0*1# dielectric

effect transistor 102 and the layer 110.

matehhe Aetraﬁe PiaG@SS thevyhtdoevidsal I, alY, y1354 @ppe eiciasg ;ﬁ&@d@ mays be performed
the vias 111, 112, 113 penetrate the |layer 110 of

in ord¢rad @apyel portivest o theaich stdf tagar etpoeed hoherettbo of B cdnhret vias 111, 112, 113.
contact vias 111, 112, 113, a second etching process

Afteh*a‘;/fowtlﬁwfﬂ*mcnw it 16hdéh | {3pthe Bags ey poienp shdorskanpipeby means of a
etch st & | ayer exposed at the bottom of the contact

knowp iRt frpProcgst> 113, After the formation of the cont act

vi %bs%%:%%ly]lg'e dontacglf %as ll? e1 lgaﬁg(arg?xed with tunﬁ eneq"b thxs end a first glue layer

114 %Q%%H@QEJ l)(yer i B%:ec&%%tovéflﬂﬁssergn&;nducgol gtructluje% O@ ’Pne g{/ue layers 114,

d wth tungsten. To this end, a first glue
115 aqiﬁmgn@t: AAheS1BE BIMGke @ikl Bings@ provideliSn @ &ndapRsiitied? quesndtﬂaelelecmc
sem conductor structure 100. The glue layers 114, 115
matenigl\of khepayervid 0.adddiginally, the fzlve @agers hid, 1 LiMygthelp ipot@anitkedmérs favorable
the contact vias 111, 112, 113 and the dielectric
crystpifjpecstriciire ffthettingst¢ngf/ibe tungbgn is Aghdsited byrradansyof a CNP peicgpeand/or a PECVD
| ayers 114, 115 may help in obtaining a nore favorable
pr"C?,Sfystalline structure of the tungsten if the tungsten
:ofc;lgnesrsst gluleh %yenf ¥l4gr1§1§rg?wéls? tétanéurm T@ Anaﬁ,&s/?ogg%gjl %gzgnas of an 1omzed metal
p]as:H &eﬁ&tuumng&gs rmx)er@cﬁ)s El&kﬁ‘ﬁﬂh@éﬁ m@rﬁmﬁfi m@l dla@ﬂia{ﬁﬁsngn ilS ﬁi variant

| asma deposition process. As persons S

of pﬂyhaﬂ &fpbr dépRition WIRRHinZRSh] RBHhA whioh AT Fr WEIS, Itk 'cn@ﬂed' bY splttering a target
vari ant of physical vapor deposition erein nmeta

com@ts@phe WheiaCla beragppsited) are dotiaPina, plarea. CThe plagth rhay b6 jokeditdetiyi nit@ns of an
a target conprising the netal to be deposited, are

electfipglpy dischirge in aghrries ges, Witiphemyy) @smmnrtayomismie@ere@dfsya noble gas. The
means of an electric glow discharge in a carrier

e‘ec‘\'/th E‘Et‘ﬁ disehgree may bee%’éﬁﬁ Pé'“d‘lfBY?b’r‘io%’“%l? W'@é@ﬂf‘e%cﬁ‘y‘%?a“%ﬁ C“”e“‘ to the

oo b o B 8 P ORI e e

gas. ?’f;” irio %d thtalt quns(‘a?ert%éne;cceg:?a%d a@ﬂhe%bsﬂﬂ? Il(ylI lg'gm of a bias voltage

requency alternating voltage to electro
applid BO@R tle kubstfal2Q 0 F &adlah BlEctI@&SprovidB@ wittP e LB va¥R1 @ilere@ﬂ 8¢ ®nized metal
are then accelerated towards the substrate 101 by
plasmi® depssitdh iapeffoid v Thd sgmd gpplldyadi 1betayeenprish @asioth Sittidatagd may be
101 and an el ectrode provided with a reactor vesse
formegghleyrresiars of EV P prerezadd/prest FEICV Plpepsesa weldpowi t iparsong skilled in the art.
performed. The second glue |ayer 115 may conprise
ti tAaf?Fcbmeﬁil{q"an’é“%du%V’ ipy forméd over the semiconductor structure 100. The seed

layer 116 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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formed by neans of a CVD process and/or a PECVD
process well known to persons skilled in the art. A
waemd/ob@ger 116 conprising tungsten is fornmed PUBUS100B024564
sem conductor structure 100. The seed | ayer 116 may be
of gfsemusrprekulsyr comprsdsothich are adqouitidly lflayeto adeposiesstiomergifltid)semiconductor
process. As persons skilled in the art know, ALD is a
struaiusg | O it preyidedo\Whilgiadirse precutspras Baymite be mmuctsrtsm@mw aj sgbstantially
sequentlally exposed to a pluralityof gaseo
monpAQIRG, X P 'e%ﬁﬁ‘oﬁﬁ?faféormpwﬁd aveé the é%?&‘é’rﬁ"le gypry! 1? | B‘Wﬁ agliysign between

ssel mherge a& 3 opgggttor structur

mo]eiCLS%esponhe. Pn/ 3 &recwor Imay ek, porg.xrngré Of mote tharl one, %%at(fngc El%eé opthe first
prect?‘r?(ﬁrI ?I’Bg H&Js?rqnaﬁ} 5\}(5;}1&}"&? d%?gngt t§rl‘$%§%&u@é’]5# tﬁlj. roce S. \’}‘hereafter a

nonoatom c | ayer o precursor 1s Pme

secoﬁmﬁeoﬁﬁ&qﬁﬂbﬂl tbl the S@M&)Edul-t%@tru@r@m agdbesing Breg{@stowaeﬁﬂ chemically with
ecul es of the first precursor may be weak,

the filepB&uisorQfesat ofnihe Burfddabf BE &enfidAdiabOstiuCurk ag@r InOthe tHamical reaction,

first precursor may be substantially avoi ded by
unggiefapyibpgedtdde t enperature of the ALD process.

Thereafter, a second precursor is flown to the

serffientiel apasen efthesead ipver 163 layrhld 7 semnsisiae ypasierimayche formed over the

reac call th the firs ecur sor._present_on

seea 158 3 £ BBy Yot RGRIGECGPBES SEE d GYBOBIOT REQ R may be
emp?) %m[ncl%lt foErﬁa?l&% #{l layet! plgsl%zﬁglap%éosplgn eaxtlcel dti _?Nh cl’gest ol?%le contact

rmati on ed layer 1
vias Q pln'ﬁ) [, $i 3%ytp|rU3g§tf§Qr MRYmP&iaf RpSREn BURS v1$uh@ o? &€ GotloRYd the contact
. To this end, well-known deposition téchni ques
vias $uc: hl 20193 Cmaeamléeaﬁs IRE:GVA) 1 Itayay Ibe foarndalidye the cdnactviae 111, 112, 113.
formation of the |layer 117, material deposition in the
Vi Glubsequgntiyf a €M prectspedapeet] tdt rrgove portians bf thd gie: 1dydid 1141 113, the seed layer
113 may proceed faster than material deposition in the
116 gnd: thjlgygr b7 coperiset twrspieofieppyied ewtideathe cortagis vigs1 11, 11Rp 113 may be
113. Therefore, seans 118, 119, 120 may be forned
p“ﬂfﬁgﬁde the contact vias 111, 112, 113. Subsequently, a
F ureq§%§§~s ?%ggma%dcrgs(s) serc v1ev~p o? &lt I %rl]é) ftﬁr strrxctlge H)% ixla7later stage

Seed a er ayer
of th@ Wéc&hﬁh@pr&c\t’é@ Q&Br@mg Q)etmtet i qleQHt §|sg:gnJ lk&%r chf 3 ?&Elechjic%tena] is
11, 112, 113 may be performed. Figure Ib shows
formS(C hﬁimﬁel firstClay26 3 (5 BfCdibla Rl matdr@W Gf sobnb @ x e GO mﬁhlﬁzlcﬁ’ﬁmg processes
structure 100 in a | ater stage of the manufacturing
accopling ¢ehs stae efithedirn the segorid HayersiZaingy @imptifeehessnhe mAergbsohdirst dielectric
| ayer 121 of a dielectric material is formed over the
layer 1 .S‘@lternagy\@}y the sgeany laygr &7 lapay cprppriseyg dififarept matgrigl thamitke first dielectric layer
Xa es of nanufacturln rocesses according to the
Ho E‘Fé’?@‘%fﬂ P& maeral sy h§‘gggﬁﬁﬂ Isgsguioapnes o 1 may conpri se

t hqn ﬁxgw%onrcﬁl y(?r lbﬁ% dlE]SeCt;l(I;] r% d]::rllla{ ‘?rencﬁjei ZgZe ?%f i2ﬁ are?c}{'med ]T:lils ‘may be done

Alternativel e secon
by mfdhnk Bﬁgcﬁmauepﬁ‘tp%t&lﬂlogrtaﬁh@aniéﬂ:ﬁm% WwEiBitno & @lpg'gotng ikﬁle!l ﬂy}%rart
110, for exanple erial such as hydrogen
Si |/ Bl 19%aNe is thitel B@r SR GaMEbNHRE Erubidik 100, Aheeba®el lah 125 may
material, trenches 122, 123, 124 are forned. This may
comjiyge @auiem bnyd/oneanism oftride @ahmdy el adapted to pleadnad difflsiog bfapppgr @irich will be
etching well known to persons skilled in the art. A
proviged ip the frerichey d22, 12351 2¢ intef ethenmogtiopy/as the sémicogdusiormeture 1 Qr

structure 100. The barrier layer 125 may
Subsequently, a seed layer 127 comprlsmg copper is formed over the semiconductor structure 100.

This may be done by means of well-known methods such as CVD or PECVD. Thereafter, a layer 126

comprising copper is formed over the seed layer 127, for example, by means of an electroplating process well
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‘the igvte):gt}/o%' Its rpose 18 to present some concept S
el 117 R ROTANET /S8 SORCOPS0'e Mt 4 U

conprise tantal um and/or tantalumnitride and may be
adapted to prevent a diffusion of copper which will be

w@e@sicsss i n the trenches 122, 123, 124 into OPCEDS2007/024564
portions of the sem conductor structure 100.

knovautb persne sitilled in the Sree Hindlgy @itiod2dt theodepy hygt NIJ M0 048 &dyeri 206 outside the
formed over the sem conductor structure 100. This nmay

trendhes 1dH e, h3# am;mabfor ovample.losi s pisttcheydel ses:beh\icalspom process.
PECVD. Thereafter, | ayer 126 conpri sing coE IS
f orf’rrerablav 8t the h@V%@é‘a'bfdawufa%wg Pragess aseerdips ©,t eogiat%@fa*h%art is that

e BRI ST T R Es oe

the Jizg é)? Ehi %gnZac?O gs Fl n,SIVIIZ 3Vl§ I in %Qrﬁcu?alflta%lla%gtgr tlﬂereotf rxs re gdc' el]éczmdal currents

ﬂowﬁxE g R the BBfRANLCAL, 198 1'1§l?lb)ng: Hbjete %Sashxglﬁemaqw %I:r%ay lead to an

t he above-descri bed manufacturing process according to

incréafe@f Sgral opagatibrd@1agy ds wel$ astith @t unbies BehEet BAationwhheah) Thé elet&R Qesistance of
for filling the contact vias 111, 112, 113, has a

the comdcatiasve ], ¥ 1hil Giilledeithg trigwtert nyay firtherde inasasedley tiei prasenod of thageams 118,
contact vias 111, , 1 12, 113, in particular a

119, 420 deliipnaliyn e lye layeFSsl 1$.d dumeychaven evep pigksafesigivity 'émt@gsten Thus, the

t hr ou act vias 111, 112, 113 may
presegxﬁao(}leﬂ éIE:t luE: 6aygs ﬁwgi]ltg Lgtﬁlgﬁgténbugm? Elﬁ 1nﬁr§§;e Pfetgeuel%cslcﬁﬁesmance of the

condcpﬁsqfft?qﬁo SI gnal propagatl on delays as well as to an
desi rapl e “creation of heat. The electric resistance

of A ﬂﬁhe‘; E;gh@rﬁ be Mé ﬁ)%ve]dlgcrlbeb%nuf;cmné brLJeQQCéMd‘ir{g i MQQ&% &t'lhe art is

may furt be i ncreased by the presence of the seans
that &t &8y ocbdrImat 3 Qr mOIAF thé @Bad |18, 119180 g Y nddadifkeStheldMP prbdeSs which is
may have an even higher resistivity than tungsten.
perfoFinedStp rdnfoee pr@sesfaie ghfe liyas 1(4, UEs, thayed iyék 144 andl e 1ay@sy1 17 outside the
further contribute to the increase of the electrical
ComficésiPSstlénblé 0f. {Thie map trechtota yignifisant tefluctiom of thej al@trical conductivity of the
urther problem of the above-described manufacturing
Com‘ﬁf Yﬁ‘féé‘s 1 Eﬁ: Lo ﬂF%‘@“ht‘B’gi‘Wé” %‘te‘ai"é‘ f‘%j'f"et"ﬁ‘ée S&F‘tcoﬁ%c‘?rﬁ‘é‘tc‘“fet 100.
ey, occur nor e of

esent 1sgosure 1S ae re?]ed t ous methods ani}eﬁvgﬁs thail'm%;'earv? 2 or n%tﬁeast reduce,

are opene uring process

the effEbts o@%%?mpr@f)itth@d?&]ems 1JemﬁietgzlbU\ee | ayers 114, 115, the
seed layer 116 and the layer 117 outside the cont act

SUMNMARY OFITHEUMNVENTIGN This may lead to a significant
reduction of the electrical conductivity of the
c ormhadtllowing Sprekdrls, a bibip)ifidi]l Qimimatyl efdtheviidvintionl g $tden to0provide a basic
even to a failure of the sem conductor structure 100.

undesipadipgr efssome agfieeit b the rinveitign.diThis stpgary d¢s gaaap @a@usm'reet hmvsew of the
and devi ces that avoi d, or at | east reduce,

inveRiiop. e{Etsé‘O'dP‘e'Uﬁ%‘od?e“‘u‘% ke %Fr“FHé'eb‘F’Bso‘lf@Wé“VF'a'@ﬁPr tp F%‘ﬂea‘e the scope of

SU Y OF THE | NVENTI ON The .f
Ssi 8|f1ﬁé) }glrna gsr «P {)rgl‘f’u?e to the more

detalﬁzﬁGé/sbr%‘ﬁorﬂhi?%%ks&sééﬁ‘ﬂ?eFSt anding of some aspects of the

Invention. This summary i s not an exhaustive overvi ew
of Atcttﬁdlhgntﬁ%ﬂé il1@dative embtinitt didclobe@meleid, 4 Rethdd @R trhivg K Sdiconductor
or critical elenents of the invention or to delineate
structufsecoipriypeprovidiighissehiaat@iiddr Gubstratet BmrBIng a Diyér@O 5 Bielerict iiaterial, a recess
present some concepts in a sinplified formas a
beingypreNided &n thedayehas diglgeteic marial. [Toereebessefillep tvitommatériat copngrising silver.
di scussed | ater, _ _ ) ) , )
According to another illustrative 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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According to one illustrative enbodi ment di scl osed
herein, a nethod of form ng a sem conductor structure

W@ o09p6ases provi di ng a sem conduct or subst r at ePCT/US2007/024564
conprising a layer of a dielectric material, a recess

BRIBE DESCRIPOVON O THE DReWINGSr of dielectric material.
The recess is filled with a material conprising .
si |'Rhe disclghare oragl ibe gnderstogrhlt riferende |td the fallaving desgipbordiakes i conjunction
di scl osed herein, a sem conductor structure conprises

with ghe SecRTRASHER T PES ST EE ke esferepprouaiats ieriiiide elr:m@uwﬁ F“a‘f*\dﬁh
conpris ectr fc material. A rec

is ﬁé@?%%aw Cﬁgr{laﬂ% crf)sg)?%:f,lona{( vieyis 8 %%Pfcpr@u%tstélfcfuglel in sta|gﬁ%of a method

oS8P SO Bl SRR

d' sl@éuﬂ:‘?’ Yi-& By saﬁmﬂr&c@({sssge&ﬁqw tWewg %f gL &n&ﬁd&{ar Etnl@ture m stages of a
fol 'owi ng description taken in conjunction with t

methd @ CRONEAGRYIrAGa @Mavhdigs:striciireMddotdingltd d@mbediRnCN&Rsed herem.
nunerals identify like elenments, and in which: Figs
| a-While Stieosnbjet Imenantdisclosed bs@n Sewicemihialto varewsmafifications and alternative
sem conductor structure in stages of a nethod of
formprepsifis @ mbdirprgts dhessehagobrdu shoyn by waieft exprepleaio dlesr didvriggs eyl are herein
the state of the art; and Figures 2a-2c show schematic
desce?fsgsde%c{t ShSRI4 Pe gdersieodoliowsves %?Famet'%lrheww&tpeﬂf#eemb?fhmems is
n ctu conduc

not mtfr?dgc? 0 hmlt tgle mv nt ao(r)lqo 81f Bar 1cu at 0, ms 1sc{(l)%fl t on og dar}{,i éhe l?tﬁntlon is to

ure acc di &t
covey\m Jn@dlﬁcla@oé léﬁun%hs rﬁ% ngfnatq}esc‘ﬁlhg%c‘ @/gh pﬁlft @]%:‘Jn[ ;1l"§ scope of the invention as
susceptible to various nodifications and al terhative
defie®by¥Re appda@ddicfaing. enbodi nents thereof have been shown by
way of exanple in the drawi ngs and are herein
DETMEED DESCRIPTI@N ORITHE INVENIIION d be under st ood, however,
that the description herein of specific enbodi nents is
notVajiews dhyeteativetegmbodimants of theinjanyenrard dgseribed belve Joahetinterest eficlarity, not
forms di sclosed, but on the contrar the intentionis
all faayres. gf A8 actugl |‘mﬂﬁ51&f“f"|1°6 éi{el dasﬁgbed éthm]s\;%lc%ﬁa[tlgn I8 Wiy of course be appreciated
and sco

t f .
that in the%eve%%r%%{l?gf any, such dnetgal em qo%wemt ﬁumerogspnmﬁ%tgaltaélprg?pﬁgfec d%cnsnons must be

I on -as Ine

madgg-géﬁlelvg@e E%E§S}Blrspglam gga:ls -QIC?F a! ﬁ]mp:rm&q}{th\é ténpxléﬁated and business-related

l'ustrative enbodi nents I nvention are
consﬁ‘ﬁ&é? whidedinked evm oﬁenmf)l@rﬁen'taﬂ&rﬁﬁ B ther0 Mordo @ Jid Wik bd'p re@ltéd that such a
features of an actua i mpl enentation are described in
devetopimént effp@cniftit d@tomprrx addttimaicblsurtihg, G@UVoRE nBertRR e Qirattietundertaking
that in the devel opnent of any such actual enbodi nent,
for thesand prginary iskith Inghpeart having the-benséiadf fhisglisdessiesi ons nust be
made to achieve the_devel opers’ ecific goals, such
as 18% ﬁrﬁﬁeptashfa@t ! ng?rvémdﬁ%vb&é éV&E s5htener S thecastachpdliggtes o Various

strucfures sHstetanﬁnt dS deMgers él{)evs%hematac?IYyVé ¥ FteCng r%%gaSVénl(gfn‘%f Elg;?q?% g% exg[%aa‘]fon only
and & aq %Vr%lt %E@@&e Slfe%gtrotlsclmuWIth%taﬁsot lal%)&veﬂrl](gown to those, skilled in the art.

ti me-consum ng, but d neverthel ess be a routine
NevdrRelQt, iRkt Gedfopdwidgh 28 ficioded @F dbdRd hd Sholaid 1ll\hsﬂattvp Exafpibs of the present
haV|ng the benefit of this disclosure. The present
disclswfe] et wamt i@l phvidsds |used Gidtelneshal@sir inB@doodi abd) infefpetdd@6) Gve taGneaning
the attached figures. Various structures, systens and
consigientwith the apdsrstapdiegrpd thoseaordy arflenbiages Sxlthpsg skilked inlthausleraytart Vo special
pur poses of explanation only
definition of a term or phrase, i.e., a definition that i§ different from the ordinary and customary meaning as

understood by those skilled 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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and so as to not obscure the present disclosure with
details that are well known to those skilled in the

W@ea0s/0bés8£rt hel ess, the attached drawi ngs are PCDUSZOT024564
to describe and explain illustrative exanples of the

that pidexstestt by GkiB@ll aBank, 8uch ARgecialdetsitiandll phuxpsely séiS@d i@ Qledification in
shoul d be understood and interpreted to have a neaning

a defraipodl staenet thatidirdatly dnd unendexcdly arvdiderghecpectahisSgtiondordis: tamar phrase.
phrases by those skilled in the relevant art. No
s pée |scal|1e enbeqiments; disglogsf hereip, ea(rﬁs;eggsrforrgmd glsaélayeir ogdlelecglc maternal provided

i on hat different fromthe ordinary
overélafg? ‘ngr wh d’?lg%mﬁlr?d@]tegf 68raprnavg fﬂﬁgs Eheg&ciefsln@a cqnﬁ)nse a contact

via Fop'n?ede})vgr’ a cﬁc"cun Fe%%nqg%vgd?o? Plethe! S 0 [{j F]tcl?rysugst at%l t%{ Exr;%nplusaqu effect

ereln.
trandis®r, @l rthapthé @&% f1igd with tﬁé']rgzﬁgnai&mﬂ?s\ﬁg sx?veﬁp(ﬁ/ﬁie?zln RPN Rkkction to the
i.e., a meaning other thanthat understood by skilled
circilelem8@ns, such a special definition will be expressly
set forth in the specification in a definitiona
marirke mateiivh tonghrisiggcsdvey man ok aomendped sfcatatahtiallppudasdilgke.s AdVastageously, the
special definition for the termor phrase. In sone
use @hBvspniialit gurelisbiet agedelper®idy, @ sery devesesisfivity raédhd matgrial.  In other
| ayer of dielectric material provided over a
emb nSOHE MR CERPHERE S May f pqmipeised \jf pallgy FP&%PE?‘?%%“V” for example
con

[ he rece A
il
si ver al% O@ IH%) vOV{}he?tE% n(o:l;ll-? {:nﬁtalts su%e rnt ium fOVIuale@a mHm,[rﬁl emum and gold.

Allo st}n&@sﬂg%%%etﬁy bk ra@zo? er. aﬂﬁmmag@nﬁ?m gndftsrﬁz{qlqn E,EJ 8% be used. In

ransi stor, such't he Tecess
furthePErollitknts QIGYE kShpMiGin® bibMEK, bBFoRVihEPRordh, @6 chrbdh and sulfur may be
connection to the circuit elenent. The materia
usedC O Mivangigevyslyg | tisvidth, bagh, PRospOrPY, isBiedh, odrbdadas tsalfut in@} Ipyovide a grain
pure silver. Advantageously, the use of substantially
boundgry &x.si | ver may hel p provide a very low resistivity of
the material. In other enbodinents, the materia
COI’Fﬁfﬂi'egp%ij ué Fqn\;éelmb?ﬁlgyenﬁea @aﬁwf Pg@&rlafcoaﬁlsg_lg |r}6)§llum may be provided
r.exanp

I
below.afq(ﬁor zi%?] Iamargr ﬁ%‘tpgf %g sxlgea C h’ﬁlgiay?rhg é}?eurﬁgiter%/ ‘, o srﬂg r(gdlum may
protegl tﬁ\; szﬂé{m coln sﬂg Ql'l\}ém&ﬁhqxcg lagd/or’A}llelm(?cXﬁyr. conprising other

suc copper, um num chr onm um and
t arKdaAnbh@éomi}y t}ﬁlnﬁtﬁérlh %orhﬁﬁlqg silvét nfay VR @ high BIBQGH dBRJAL ity The electric
al | oys conprising bismuth, boron, phosphorous,
condaétivitCariilvee Brgheatar thandheSalbcfit Eonﬂl’&yvib&)f twaSEn, and even greater than the electric
Advant ageousl y, bisnmuth, boron, phosphorous, silicon,
condgeiivittonf @pibr. swhiich us frepagntlp uepd i fefeeleatrigpl apmedtions rial Aiglyer fintgconnect levels.
Furthernore, in sone enbodi ments, a |ayer of a
Thug, fesistance OE%J?FﬁFlcg'i"ﬁ‘Q‘OPSHB aﬁrwmemgﬁ%f@mﬁfl G} SREYFOBFIERFubstrate may be

e R TREU S BST TR RO SR B GP el P RgRonof st

mes L&ﬁ&ﬁktﬁgmgr|5|ng silver mechanically and/or
em cal | dvant ageously, the nmaterial conprising

SI |F\A§Kcrrﬁ@é’ tHeaVaReridd cbrhﬂhm?lsn%lt thiyCex RBNE Whkd Behdvibr thdf@ingsten, and may
electric conductivity o | ver is greater than the

evenedxBibit fai softet aIAMGH thwr toppedf Thus) @RhtdA ,of Aldchakiva® Btregdd @aih€ Kemiconductor
than the electric conductivity of copper, which is

strucfureedyion tringalipg prdcefsoy mel wotduredand cpwailaetion @h Sheinmtekial ghwprising silver
i nterconnect |evels. Thus, a resistance of electric

may 8gIRE¥4d ons to circuit elenents formed in a

seni conduct or . substr
rEloreover a chemical reacttlonabetween %e 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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reduced, which may entail a reduction of signal
propagati on del ays and a reduction of the creation of
whe@B/066884 he sem conductor structure. Further mMCEUSI00E024564
mat eri al conprising silver may exhibit a softer
comfd@ipbétvén dillaAnd WRESIhObe farmed. MY iy @Elp edlide Metcomacs@fidtiOity between
behavi or than copper. Thus, creation of nechani cal
the ngiterig ggmprising kiversehthcanduddnrent. st ruct ure duri ng anneal i ng
processes nmay be reduced and crystallization of the
tFauwéP showhrpichesmapgrrass-pegiegnal yigy Obesemr?prrd@wdtrucm?@@:mérﬁrst stage of
hem cal reaction between the material conpri si

a m%‘]of' VB PrmiAg 2 é"r"?“foéﬂiﬁ‘obf‘%‘ﬁtérﬁ facqoping lﬁ‘é ‘“b‘i“l‘sért’,ﬁ“’te eé‘P‘é‘l‘F&"ﬁE ditiosed herein
The semlco¥guctor struc?ureez%g ccanéX %eéa subgré'l e 281t comgrﬁsmﬁ,la 8lé(iu Slﬁ,rBent %rawded in the form

reac

of a tl}@lti WR&EY g:?ﬂsilstgre 02ap1qe %bLtla&%l IHB%/ C(Qﬁ)rlgeo{)%%ond-ﬁabrsmﬂaxl for example,

hel p reduce the contact resistivity between
silicdRRTRE fidd effeORAdistr DGR c%lnbr\(s@zf anABle rd2@n Q0T Bihhelt 1@&1@%@&& 201. A gate
Fi gure 2a shows a schematic cross-sectional view of a
elect®@d 1205 G fdia@t over Bit Adiied tdgieén 20 @ndi ifNsepardtédriferei®indg @ gO& ingulation layer 206.
nmet hod of form ng a sem conductor structure according
In soqmg eghodithdnissthe gitd elestredel6F mmeevmpriepolyassadling eitievnand tig gate insulation
sem conductor structure 200 conprises a substrate 201 _
layerclQfrpRY %qmﬁ’gsea?“tem%%ﬁqe dicemuitide P6vTiar oryAitidpe Thegrigelgfirode 205 is
field,. ct transistor 202. The trate 201 nm
nankh 1 G it R P i i i A e Bon 208 and a i

regno‘?‘n'Zbé &0 %rme-ghg tlfe%:glég}a%n o d:tn}rén fotﬁ I%'viﬁgs%{ectg&?lsgl%gﬁ u:tit%ﬁ th@'eld effect

active region or me e substrate
transBlof F2aRARheLERuit SenfeRs FRAIGY BE subdiGte 3L | VE T egi on 203 and
is separated therefromby a gate insulation |ayer 206.
I N ThRO&d effddOekinsTR6:1129?2 addnkre gaticis@dtied ttruode 2840 mayTByformed by means of
conprise polycrystalline silicon and the gate .
methodrsa [padteltireglaphy e etchir@G depesytion. oprp mipbietagin and emeading it kpown to persons
silicon nitride and/or silicon oxynitride. The gate
skillgd)ipi@e #'bde 205 is flanked by a sidewal | spacer
structure 207.. Ad] nt. the te el ectrode 20 a.. T
Sodt B A FTPoEe® A Rie) oGO SO PRy pilgon niride. i
form'é({ (g)grct guﬁsQJaéthlonTo t{n%gn%t clljerg?s A%Q %}g Iv%ﬁino%!nqg ?errifﬁsaslkilled in the art,

I on betwe “transi sto
suchQ§ b&b afid/dr ‘I"EC{’D %e@m@ @&ﬁoJe@rHﬁQCkhégs Jf hﬂ% la@k&bﬁb Biatfu,@ech Tnaterial may be
e field effect transistor 202 and the trench
grealbethnathle@lit oS the ga2d dléc@od2Qds. naner e fokmdtirest thelaydEA0 $f @électric material, a
nmet hods of photolithography, etching, deposition, ion
plamirhpioan@@ts-i, b exumgtlean @B Ipiopags: ey be performed incorgre fostedvse a roughness of a
skilled in the art. A layer 210 conprising a
surfag of the day ¢r2¢0 ?f&tethtP%lF‘ateffabr exanpl e, silicon dioxide or
silicon nitride ds formed oyer_the_ su strat
t hiREeSREProvifsp 5idhy ’Sh"ff%‘@ﬁh‘”adéb'sz’\%e%‘? AR 06'\‘/129 "Eg E %b%"g dielectric
mateish Hle cgradicn AE?EI 1§L§med%v&:ﬂ1e% urcgy loﬁqs%olgne E(Egy?‘ie 22’%{ f(gged over the

ness o

gate Eﬁ@&r@&e‘ 2@5 aldBd BRacBlie A8y foInQ@Gveﬁth@@rhlg ioRboot hﬁus%oﬁlon of the source
el ectrode 205. After the formation of the layer 210 of

regiod 1264 1 €Xpoie6 al B @ktdridbf thcoph@RRANI Z @pbridh dp iR @RS Slectrf)dHZOS is exposed at
exanple, a CWP process, may be perfornmed in order to

the bpigaucf ¢he aorttagl,meglgl agpbrtign of the drain region 209 is exposed at the bottom of the contact

via 213. Similar to the method of manufacturing a semiconductor structure according to the state of the art

described above with reference to Figures 1a-1b, the contact vias 211, 212, 213 may be formed by forming a
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surface of the layer 2 10 of dielectric material.
Recesses provided in the formof contact vias 2 11,
WQ1mg/0&B8 are formed in the |layer 210 of di el eRCT/U82007/024564
material. The contact via 2 11 is fornmed over the
masiS@bt'sB@vnl) BFin@Opedldgs at th ®cai B Ghichih@codthd vias 2 107 17X 3 @ & be formed
the gate el ectrode 205 and the contact via 2 13 is
and ¢xposimg the sangcondunter ghuctirn 200agancch@08iaptdd o emoe tpondcrigiof bé layer 210.
the source region 208 is exposed at the bottom of the
corft yer 214 o4 a matgrial compgging rheskifingis formgsl opjeitths smléwﬂwc@dérug@rs 100. The
i s exposed at the bottom of the contact via 2 12 and

layerpgfltof B\ﬁter&l cotnwgsueﬁ,ra(i)%n} r@@y QNer fgg)oitcgn %‘5&)‘6%@8 sngfwaﬂlh%f the contact vias
211 k}?} tlpjm asovtelltash [?ortg:ogsn t € sur¥ace ofﬁh yer%l utane the contac?wﬁébggz 213, such

manuf act a Sseim con or S ure accor

as erfi)onE mhesstl@;cg otq{)e 15)'3162 I@rbLtwg:%% brgiﬁgwﬁk%%{gl% F32 Ak &E ﬁ&l%ﬁ%l?ffaces of

to Figures la-1b,” the contact vias
the datack G A, 20y, 2f D IB1NG 28BS K0e (JaRéd o‘ﬁthVi‘tpﬁl)rceh@ngnQﬂ) @@@m é]Q:ﬁode 205
at the locations at which the contact vias 2 11, 2 12,
and Be &rdin &gion 2@, logedtigrlyred and exposi ng the sem conductor
structure 200 to an etchant adapted to renove the
matle poimg|embfdinents. thealyxer 212 of @ateria] ¢omprsingholipmahay e framedrby atjeans of a
npri si ngI rhodiumis fornmed over the sem conductor
SP““§'1"}gLRf?cﬁstse 10%s. SPYFENg BESSS: 2 1areqh fComRIisR irapdivpoinyFadigted, gvith ions, for

AT e G40 M5 1 S SO SR e
the tg}%et h% é‘TEJﬂ g) ggigljé §0d it glde%:l)g o?Hettﬁ‘e tgrg ft Elp,ﬁthgt%pfe%% portion of the

suc as p Ftions e sur
rhod@ifn atoif khdle@lbutdf hOtaRBLMRRRs e EAREMGLor VihRASre20dd ,fong thl::l?ayer 214,
2 13. At the bottom surfaces of the contact vias 11
212n oB& Imbdditeents apeclaye? 114 offely nlareridl o@arisidg Mbdidinn m;smmmea by means
region 210, the gate electrode 205 and the drain
of arr &lgp praceRO In the Ad.Peapedcesy, elllwsemilcwdmetrt@m%ﬁ) ivwrovided in lageactor vessel to
| ayer 214 of materi al ri sing rhodi um may be forned
whichgaspus rEecepory may, bt f‘@P‘Feﬁg n’%% @eféy procprsqr (famesfsipe treodiupg for example,
rhod&[n?lﬁ) ?cstﬁlgc%to}\%er %éﬁt%i’ﬁ"pﬁ’l rhle ?ea(ﬁ(g vsslsé? d*ﬁgﬂlsibstbérgﬁygh%%at%c layer of the
first grrechggr 1S Bﬂ'ﬁe 09er 'il!g ?ﬁ%njl %(ﬁl‘(‘fltor SQILCIE[ Igl 9 9£}§met€!'rb(9 q‘l H@oga&’)@ocess such as

knoc out e target he sem con
the (Srhpetdfutelbf he SQcohducldf @uddle @bo%&@rsal flo® of (A€ fifs A& Erbor SICHAapted such that
that at |east a portion of the rhodium atonms knocked
the Qbitan6dily tri@odt@ki@ @lyeri dTRheNGSSprévirsbrh@mSATSC MO utEibObf the semiconductor
structure 200 to formthe layer 214. In other
strucgep Y191 bt rivrther nbleculenyiethe Afisth preursbh aayadt ébe isebistamipypstabdyi brgnd to the
rhodi um may be fornmed by neans of an ALD process. In
substapfigly\mERQ3toBicelayer of He 48 rrcyiuch one srbadimetty &1e 2P prgeess may be
provided in a reactqr vessel to which gaseou
Perf%i"%’c‘m‘%’#’%’a‘l‘l’ﬁy‘ panes dBﬁIaPFé?:f“maT‘H% HPO-480°¢ %%rf"”b‘f‘%@ﬁf\éla process in this

f
SR BORROE e HSERERES vhue ol egmpivor 22 s
wellI%’to (SSI%HP&E };nltl?el Ltysugﬂ)ﬂ%ﬁl%gm gns rr% 5r eQ:I rpqehge Jr!)\r d%ﬁ m the source

precur ormed over 1 sem co ucto structur
regichQ08 anbak aiRL &% 205 t he deposition process, such as the
tenperature of the sem conductor structure 200 and/ or
a fihevdfef a tdaendfprec@bor,[Fora@atimcOdxygeay i supplap tetle Rbbedn véskedt The second
the substantially nonoatom c |ayer of the first
precyysop sadaptsd torreaqteshemsicain withie Busrpregereorofn thetpbensieatieartiond thodiom and other
structure 200, but further nolecules of the first
volap peaqtipa pypduyqia gnap B forsisd s Wihde i fodibm yemaing pi e pisfags @f the sqpigonductor
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substantially nonoatomi c |ayer of the first precursor.
I n one enbodi nent, the ALD process nay be perforned at
w@2a0eip@ssat ure in a range from approxi mat el y 1POFUSI07/024564
OC. Performng the ALD process in this tenperature
strucfuge 9@ torferyh thesthyer 2MOthdvothéi B CtdE pothicB icthtbe POrhfied OMDF the reactor vessel by
provided in the field effect transistor 202. As is
meansef 4 vakyyongamp.0 persons skilled in the art, such suicide
portions may, for exanple, be provided in the source
r e&P'&Fﬂuzals g%‘ﬂ‘e't“ﬁé SU@P'aPﬁth? é@ﬁ WA theeerondmiespiseffiy peategy until the layer

214 B éeaﬂs%ﬁﬁ%ﬁ%ﬁlg@as S CBuR D dEsbT it St g by e
amanE(?tql.tle f?{ Slglugs% l¥ch cal¥ ed%]?o%te]:i |erS£ Oﬁ eezceu I;&)Otr tlal'yeonfr: rél(énc f\tomlc layer, a

em cal "react! on, ei"vor
thlckﬁé‘sgqp%slam}ﬁlzp%f Eﬁ&im%mwﬁlnk %thhlﬁ] Fnl::]yogé Qms&ﬁﬁm ﬂlﬁep@n‘ﬂient of the
the surface of the sem conductorstructure 200 to form
inclikabiéh bfag€ pordobdof theNrf¥@|ofikte | semit@aGkdr QiucRiFeOTHO CInSwiichNit R&ormed. In
punped out of the reactor vessel by neans of a vacuum
partipulanyn thiSkressed|uieniayey 214 dfahainbterian adngrisitgd hbdiurd fon ttheeboftént Sirfaces and
and the second precursor is repeated, until the |ayer
SMﬂEmﬂmhas“m@@dhéa”aZ@e@ﬁm@Mbth&ﬁkﬁé§§WMSWWdédmheOQWQMW%2““Wﬂ
rate of the layer 214 is substantially limted by

subsiaptbntorigmtat Pﬂé“"f“? pidpe SﬁP‘t&&'lﬁ'P‘é?Srs"wwec%’o CHHdele @éﬁagraf éb‘ 212, 213,

one

for eramf% over é)Xr%ﬂns of( agér 2?(}J (?Ej ?e?trlc g?ter}éh—lzfmée]e n?}gf"é‘ act v1as 211,212,213 and
the bgmu}fﬁk Pélnd Jaﬁ}gdt Wag é’ﬂ'ﬂélp%ﬁ lflbﬁttl?epgdﬂﬁhlln%nté Glﬂ&%ﬁg&may 9; used for

the inclination of the portion of surface of

the for@Mlidn QN AL Gl @R 1 BEImbetiMcBmpRidg MHadiukI pdn ekatmpuesthé ) a,mix mzlyrbe formed
particular, a thickness of the |ayer 214 of t

by mie@k ef 4 QVD @Y dnd/oNgPEVEprotassO hd laer Diatdf eatesl E(fnﬁﬁla'ﬁg B6dum may
sidewal I s of the contact vias 2 11, 212, 213 may be

havesq Hrkeesit inad kapgee fjom | appreximatalhiSGR mes dn eirtiqukae a| thigkaess 2d 4 range from
over substantially horizontal portions of the

‘WWQQWWQ%%HUEtor structure 200 outside the contact vias 2

, f I t. f th
D L e MU e o WY
snlvellﬂs for%%c?@vetzt:llg’ ieﬂpc%nc%lagr Qggtﬁr? 905 Uh fstﬁ'r?e n%r)m%g@s Y @Je@?ager 215 may be

urt her enbod! ment s,
formmels)hrﬁéﬂﬁs Jfafvlmepréésﬁ dvhér@ﬁ akddQank, Q@r%ﬂip@rh Rdal BJ@@mJ WBbund ddhprising
of material conprising rhodi um For exanpl e, the | ayer
silve® Isdchmisy (10@ 56 508- ez ekl ubip- ey esne dibnaso)-EWEN (i B @B Esilgnudét@éne P or  volatile
PECVD process. The |ayer 214 of material conprising
meta} M@W@WWVMW@)WIXUK resyppliehtoga reagigyevesselowherein the semiconductor
approximately 5-30 nm in particular a thickness in a

sruchiE #98 [YROHEApRY Baeel J STGPRP! APp 2 mehgent fonpound

and, ogtéo&mﬁ'a>92¥e§i%amé H?ﬂh teg]e gfalc\c}%?'\%issgl ?rg?r ln;l rﬁaéuon wherein
elem§rﬁm Pg'dly ?otrrgé’d SIthE Ui%lulg ? &)%thd on fle §e%ncﬁ1ﬁppgﬂu£@%t2&) totﬁnﬁl the seed

seed | ayer 215 may be y neans o process
layer ¥ fwBérbhs Bthér@&6itod Ploducts @4n R p@hpRl Sut 8 thBtRlor REGANI C
conpound conprising silver, such as
(1 ,1h other Brmimdimetie X PECUD hdeads lﬁayﬂﬁ Rinpleed toomat @Y seed lhyee? [SDIAS persons
(trinmethylsilyl)acetylene] or volatile netal
skillgdetheiprt khowalfE&Y D iﬁ Wqﬁn@(o(ﬂ@]? Nﬁ@rm]\ y glow gis@gr'gpis iceeated ip thg reactant gas.
reactor vessel wherein the sem conduct or

To this end, a radio frequency alternating voltage and, optionally, a bias voltage are applied between the

semiconductor structure 200 and an electrode provided in the reactor vessel. Alternatively, the radio

frequency alternating voltage and/or the bias voltage can be applied between a first and a second electrode,
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structure 200 is provided. At the surface of the
sem conduct or structure 200, the netal organic

W@ vpoensss and, optionally, other reactants supptT/E@s2000024564
the reaction vessel undergo a chem cal reaction

wherail @fiegif rhe ele@iodn isgproyided ih the vicinBy dftem@nticonde®r Siuttvte P00L The bias voltage
deposited on the sem conductor structure 200 to form

can berpedinset evdltdger e loR Fr§quengh @tteszptingototiege. drethe tlpw disghargel (ghenycally reactive
can be punped out of the reactor vessel. In other

sPecistyBisH PSrPé‘}ﬁ'tSs‘°“Sei'"qﬂE@9‘Ba'|§raffccé?§'§d gy the é’a‘é‘imaéy%refot? fhgmigel reactions

ed in t

in thf( ﬁgwsnteed‘:‘%glp glelaen\i'\gr sllléeﬁ?epﬁ?te&mﬁméécgIoﬁthgse&lcav\(ﬁjctor structure 200 is
formgd 1?%21 o a l(?\ve? [efﬁgérﬁ‘qt e thbh &1 %Vb%%%%s?@kergr? 0 Ogl(;(&pdl%cmr%e 1{"{}gted in the

_ requenc ernating voltage an

reactént I@is.a%dyama% 8 3:v) ﬁ“‘s GnaPf RBUcE B Gl VRE L &fhl?e s&ﬁi&n@&m Wk 200 during
structure 200 ‘and ah el ectrode provided in the reactor

the far@aalof thddebdanpatisvel y, the radi o frequency alternating
vol tage and/ or the bias voltage can be applied between
a fln fusther zmblodamepw.cthngedclayec £ ISotky, batiamed by omes @fan ela@roless deposition
el ectrodes is provided in the vicinity of the

proces rincihelererless deropitient Ripeess 2yosenmcprdugiprasuust 2 ingestad [ Fsolution
djrect voltage or. a |l ow frequency alternating volta

Com‘irﬁ‘"¥ H‘e“’&P%‘{A}d cﬁo%'l‘fé{‘ﬁ gver: c?ﬁ'&‘hgi: élgi“é Peagtslalss p‘écﬁ"&'% “eMBodiments

0 0 reat ed f

com;%oHn s com r| m% ?rgamc su{f]a%% nd/ e trjseg alg(?ldc tlomﬁl t e solu?l?n mzﬁlscomﬂnsta mhlbxtors

ere gas ore enlc reac
levelEr@ %%@L@fera%%% I‘IMIGtB %Q eﬁlbl@%ﬁ mc%@ér ptiéting @fncl‘da@pwgéll k‘ﬁ@\ﬂ) & Bersons skilled
he surface of the sem conductor structure 200 is
in mfe QFt/TEThe RRYtioAGHAY! fudfer SonlpAWES sdh P ETRLsbikét AR BorhphiseAwkddD In other
process wherein no glow discharge is created in the
embgdgaents ant orgra:. soehr an bepgeditisl yarbdnhdicideanay ree discle  Athtge surface of the
t hermal budget of the sem conductor structure 200
semighpdycieg strasaure gP0hat heypicahfreactine heein Flampentary? silyer s ncr@fatfrltqq@v& The
enbodi nents, the seed |ayer 2 15 may be forne
e‘emﬁ%ﬁhglvﬁfs dgppsitqd op thp Eﬁ”lé@%duﬁ‘%‘p‘t&%‘i“t"? ¥R t°pr’6t‘E"sS§ed “fyﬁ‘ 2t'l\’lve

el e ter tge ?r%gr?gfol?l ste<|=, eP%l% ?{)ek 2}6 0? Sea{prlaﬁ con&prnsmg sﬂver 1S deposnted

st ruct ur e P's i nsert a sol*dti°ch ¢
over%@m%@cgpm&hé Y Tﬁé ﬂa%?ﬁl’G n‘?ay S@coﬂérl!‘\g g@bsgﬁtxaﬁppure snlver In other
fates. In some enbodinents, conpounds conprising
emb&ﬁnﬁbﬂ@ltﬁ'e 18y¢} il@hﬁﬁcdmusehelwdsmy Addi tionally, the
sol ution may conprise inhibitors, |evelers and
ac delopre &tnbadimedis rhd layer 216 of l'hBSEte@‘rpdr@yledg filNer Grap p&formed by means of
plating which are well known to persons skilled in the
an elggtrpplatipj @roggss. ulv ielosiroptaines th semispndecierpinicyies 290 gusl apesieetrodeygpaprised of
solvent may conprise water. In other enbodi nents, an
the ‘B"i“‘@'é'n‘ioﬁ‘p'és(‘ﬂg\ﬁél‘f‘l’ a5 pinserted dfo @t fleciralye- Ihg HesHolME Sy d@“ﬂ‘r‘é"’ya" aqueous

soluté)a GP a sﬂverﬁal for e)famsllél rA]c ﬁBgorgAf Slél?agels f]l(;f‘lren?rge%gm f)cgfn;}nrts ?r%{;lg:%gl-lfjaées may be

used® neeﬂﬁ)ﬁﬂn&%ﬁxg&ém th-Eha?er%ll @E‘é&lﬁp@:% oﬂul)s\[a?{lall&%urﬁ gplg'stlhé %tr&ﬁ may also

e sem conductor Structur ormthe seed [ayer
be caﬂp'i_ilsed/ksff tudEtardi® Julr 1Bkl anourt erﬁlﬂ)@mﬁﬁ? Ghdry BE 129216 Bomprises a silver
| ayer 216 of a material conprising silver is deposited
alloyowe eledihd® B8 b8P REUE tiver aldy UG Sudi embdBichents] khe ele@ipBre r2ad Gomprise salts
may be conprised of substantially pure silver. In
of othyr pratporenty olthqypaitrigl compresing sifverin oy sitvorsaiti se a sil ver
alloy. In sone enbodi nents, the |ayer 216 of the

T ABIIEGTC tBES 3 SBPIIE SIS B SeFREG PO HHEPOB gk e A polarty

of the electric voltage is such that, at least on average, the semiconductor structure 200 becomes a cathode

and the electrode becomes an anode. Thus, at the semiconductor structure 200, silver tons and, optionally,
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an electroplating process. In electroplating, the

sem conduct or structure 200 and an el ectrode conpri sed
wo@RooBhesssmt eri al conprising silver are insertePCT/NSWOAR4564

el ectrolyte. The electrolyte nay conpri se an aqueous
otheSpisitivelyotha@bd @nsirdv @i eakdiyte Ehafigeanatiel selidAgMNOBdabrmAe layer 216 of

sul fates. In sonme enbodi nents, organic sulfates may be
matedde@mprismgéﬁ@odiﬂwénteéecwaer@m atohe ahdg pptronglly] 8omssof one or more other

onpri sed of substantially pure silver, the el ectrode

elemﬁ'ﬁwrarﬂg%"%'év Q‘B?jﬁﬁﬁral‘ds‘é‘b“g&af" a§9}b§’tsﬁﬁt“l%ﬁle)9“‘ﬁ¥}?e silver. In

m the | 216,
o 10 PPPeri 1 'BECE POty G e Sb e G v Ffgfby meansor
CVI?}lrJ)cgéé anci/crt1 EbD%P;Qe%gI Ig‘:s\% %mbod%nt@ltl%qéye thlxtar?d ed lf)yer 215 may be

npri se s ot her conmponent
forme@m Lihsid &OD ?xlol:e\!se(fr PEOVEPPEd A nde@nRbeSdidiM& From @-Jcﬁ omﬁn
el ectric voltage is applied between the sem conduct or
St rAfef hé rd&dion andle 1ah@ 286 BChi@ARcomPrifIY] sAVdrtan adfealind ®rocess may be
el ectric voltage is such that, at |east on average,
perfdringl. Shnthe amellicg procesd, thecemicend@® shenon ) @ayclkxt dxpated nah elevated
the el ectrode beconmes an anode. Thus, at the
tempsrayied o A cet form ghoptul@P-4e08C RO @ predétdrmpimed firpmig aasnge from about 1 minute to
tionally,other positively charged ions fromthe
aboue?é%'ﬁr é‘? ¢ RaneahipgRiecess it B5aiR Fiee of i mdtesiyl sQmeprisiPIsi Qs Mey behigereased and

voidl%%g{ éveobf ?n:’%artggg éﬁ%ﬁ&'og lazlmgllb gtfc{?egllia]ylé}/ IF ]}§ ‘of ngiltgwgcoaxlpnsbrﬁéllver may
be c?m%edm) r"[%uSOtaﬂ eJIecF!cs n&n{u%t’m&‘ro? ?%] en?a‘ r1!110 l l 51 g %rv?re %a? g 1mproved.

ange 1h a solved state
Adv &dglmt‘&rea& Retnt guRs Kizeah@ ﬂfafclogdpeeofwahseauhég thE B r&gss may be
ver formed by neans of a CVD process and/o
mor&fﬂﬁ%eﬁ&ﬁﬁ&tﬁ&. in the mSthic e MEMSof tHe AR ddsayped abave]v\@th reference
and the seed layer 2 15 may be forned in a single CVD
to Fipred e dis wisreirRe@viDvipy apcfdied walnidngseed not be di stinct from
each other. After the formation of the |ayer 216 of
mathiguiegh S‘@Uﬁb@@?*‘ﬁ@“@ﬁﬂ?@?ﬂal VEEM CAHA éemlqon@ctprrsaec@g%m‘wya later stage
I n the anneal i process,

be perfo
o g o SHFE R CL Uf B3 008 Fegpe ‘é’R‘B’é%"éd“Yeb agjqnarization process
may? ?e\r/f%ntme in dpe%:g % r@ ! UI‘ e(%rllons gf Jlea lny%r 2(6 ou[n Péa Reo g(;[ngi vias %910919 213. The

rm ne
planzmzﬂkﬂl Srogegs rﬁ'@%yg ngPI'bQ‘HEs§ whér@n {hp ?en@c@ﬁlﬁal)rj shEbedrd ﬂ)@mveoarelatlve to a
grain size of the material conprising silver may be
polishing p2a st einaRCholidhing padidohtsdis thalyyehA6 e ARRENIs kppaadh MUkerRAge between
the formation of the layer 216 of material conprising
the gmicoeinctoresyrudv@e CP® smidthe Phlisking anl. eTecslwryca@mpien dueceri moré ghemical
of the material conprising silver may be inproved.
Commanﬁamh&@ a6 pdaried tq phemicllyrreagiswithothe mpferialproaithe wyiface ofthel sqmtigenductor
sure of voids during the annealing process na

strucwberZQO eIflf?rE(fu@ﬁtﬂ]eﬁluBéP’fy ﬁ%aateii IRAsRCY chentlﬁlgy w%l't theoraaterlaycomprlsmg silver

COF n t at.e. of he art SCri
of thee erﬁk groguctsr_ol? %‘le c%eml?al relacblo%re removed a/nr{neans oq a@raswes cc}Nlamed in the

act vi

Sm"§&hbgge¥w@ghgp&pgsten Figure 2b shoms a schenatlc
cross-sectional view of the sem conductor structure

200rhé QMR pkadds€ mayB bea@Ppdafas tdog adihé @ 214A5 R matdR@ comprising rhodium is
formation of the |layer 216 of material conprising
exposed| onahe, suafaqel cdinigr semgbridonorprrames 300maYheeyep @r4f @rtedlaterial comprising
order to renove portions of the |ayer 216 outside the
rhod@@rﬂeabtlot \PF a@nozedm the§qMP pporgs. Peeaniggeavsdys thsamdyolis!Ppiedise g risk of
cess wherein the sem conduct or

damaﬁ:%/(ﬁ él{etﬂoglolfdé tl]egayﬁro?‘) 8 af F‘@Fr}ﬂ ?(\l}[@rlil sgver located msnde the contact vias 211,
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pol i shing pad, wherein the polishing pad contacts the
| ayer 216. A slurry is supplied to an interface
wheirsmeisss he sem conductor structure 200 and tPEI/US2007/024564
pol i shing pad. The slurry conprises one or nore
212,@hB which nighowpo ifitikslaysh? Idof tie enaterdid pinepdsitgrhadienvadd 4lsp be removed in
react wwth the materials on the surface of the
the @é‘ﬁi’f@“éﬁductor structure 200. In particular, the slurry
be adapted to react chemcally with the materi al
co rﬁaW 5P Hg’f spigrist COB‘P”S[‘Wéhqdé‘V’é‘i‘ay paik posp?d&ﬂlﬁl??tsgm‘ﬁﬁ"d‘tcﬁém“““re 200.

The ?aénq]lfma ré%()a‘n(% trI e same m a?q as tlg%/ héer "ilﬂlls Ofamac I‘ a &1 tgel.lﬁ%er 214 and

fai ne arry and/ or
me1%19&9&&%,@3‘3&6pngdl%opped as soon as the Iayer 214 of
he material conprising rhodiumis exposed on the

S urfhaeger of 7 df RRtese mnﬁﬂﬂ%@dﬂfm iy €riédby £R6hs oflARlebi@YBeing process
214 of the material conprising rhodium need not be

wheire@nie/ @thidondutthestuGiite 20O Gseid&riedATivadit dageayts lcymprisiig 8 rha@jom salt, for
hel p reduce the risk of damages of the portions of the
exanhpley ehodign Guliaf. Fneadeitionap the sampcondictagstrgdtirg €40, anodeatald cc‘rmpsi'simyhodium
the contact vias 2 11,212, 213, which m ght occur
is P‘”t"l“l‘éedl ig ke elerralytef “} N‘étaﬁf’ats &ppligg b%‘B?ﬁB rihes semFOpdyesefi %Hfﬁ‘f‘\% GPQ}I and the
be r.enp process. A |aye

1
electﬁz&f eIAi %larlgo%ﬁﬁ écfl lrc, ﬁlbc N e@st 198 a&eéz&g S%(? éeancaﬂgu{;tﬂr structure 200
beco?h%m &91@&31% ?xE el Jnjt’)&écotew;n%s g’lQlQOde Tlilﬁls a?ﬁ)g Eﬁnf?c%%u%s&g&tre 200, rhodium

conpri se e sane materi al ayer

ions 84 ke C1dL R lyte aRAelraliRe@ adaRNHke f?olaflth@s'aﬂ'ed e 1ht@)11% Kol stht€ 1 FBYh the layer
conprise pure rhodium The layer 2 17 of materi al

217 efafgeiblSbigising 0ddiui ABye ddtrdde) racichmyon¥BRNGiZ8d andBhange from the solid
el ectropl ati ng process wherein the sem conduct or

statesil1 the eleamode iR10 Gheisglvidrasugrin the elequptytearin ethee enbadimente, sputtering, ALD, CVD

npri si n% a rhodiumsalt, for exanple, rhodium ' o
a"d/@,flﬂEFé{Pé“aH PreBriYFd inghe f?fﬂla'e%@f de e ah ﬁfdfaéffla'sc?métna rf@dwm similar
an el ectr C ri rhodi um rovid
o R e 3¢ S et e b Pt e EKASohfane fom abou
I e electrode. A
5-30§ﬁnrn?n?)9rpglﬂp§ { I%ES 1#% ltar%g%ot%gg)ou@ ﬁ)r}nﬂ

e VO e I's suc at least on

avelrRofe forhfios SNhERNE YL Qmaltifl Q%Hfsﬁg %&urﬁeﬁﬂﬂﬁ%@nay be formed

cat hode and the el ectrode becones an anode. Thus, at
overltieGemBiediit @@ sthCii@ 20 t The GadkrcBveQRY cofith® diadont j 0N 15. mmﬁahez 18 may

el ectrolyte are neutralized and change fromthe sol ved
comgrtsat phojoresigt apdmaystsl fordhedyarheanstod a pitatithb grephicapyeess 2flatymefwell known to

mat eri al conprising rhodium At the el ectrode, rhodium
persey giflsd Hrtke gtoni zed and change fromthe soI | d state in

t he eI%Ctrode into . the solved state in

el ¥ SB[ PEPCESE AdIBES i e OB fﬁaémco"%mgt a HyOf U fyers 214, 217,
leav19/Re %qg! 918 fn(% gi\/l‘-l)%ygazyl ? %? d19%1c0¥§erla’ srlljbsttan? lfé 3&9‘? Is per@ormfd In some

e layer erial conprising rh

emb&f?méntlethé é?(.rhﬁétpfo%ﬂs Ry ey ANBE pRdds. AR aG LIRS %j @*ag\ﬁﬁcharg@% created

| ayer 217 have "a thi'ckness in a range trom about

in arbetchthg I31¥) wﬂldﬂ nﬂ@,r foil xbthpdd, c@npriby MHARSS a lckem@cal @GN EABtising fluorine.
about 5-10 nm After the formation of the layer 217 of

The glaw @isthaige oeyrpr ¢reed gy piphydiigurhighddrensesdy aRérBatingyoltge ahdjorraehihs voltage
over the sem conductor structure 200. The mask covers

which ppay @@Moalcffeq;&qngfsaltgnqirg v@t}g’ or a figect M@ge@@;@e@&gsem&ynduotor structure

200 and an electrode provided in the vicinity of the semiconductor structure 200. Alternatively, the high
frequency alternating voltage and the bias voltage may be applied between a first and a second electrode,

wherein one of the electrodes is provided in the vicinity of the semiconductor structure 200. In the glow
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conprise a photoresist and nay be formed by neans of a
phot ol i t hographi c process of a type well known to
w@ensoassskilled in the art. An etching procesBCHUSBOR4564
to renove the material conprising rhodi umof the
discHaggy.ehgnillf rea@ive/ spedied auchnig atbine radzalk arid/bBiossnate triaed| faynahe etching gas.
210 of dielectric material substantially intact is
The pl@mfceln*m@@tivel snecied may esadd sbimmgalit with thiy matetiad lsprppgising d@@srs in the layers
a dry etching process. In dry etchin gl ow

214 a?yeﬁ%'f‘@%vqlaé"ed?aé‘&"@a’d?Ch A V%Q‘W%b""g’é@”%m?% Hﬁgped futopf a reactor

fl .
vesf AP e PR RSP Pne Pt Blaefie i a8 iR Bbuns gyporiin
rhodm{n J?%ﬂlo}’lhe&gag%e l%ﬁgéa ﬁfan(?ﬂQE)la nﬂh& Eﬂ&epsaztlh . vol tage

ra s vol tage mhlc e a |'ow'frequency
al UR bR bR, [B@6ns Of th@laﬂ*srﬁ@ t217‘/19>|[ {oRE8 B WRS 18 By be removed
sem conductor structure 200 and an el ectrode provided
by nheBnstdi@ wdt Ghdiidal etcHingt fi€eS £ WheCed bl GénQiondiciot! Sfudti® 200 @ exposed to a
Al ternatively, the high frequency alternating voltage
solut@n@f & Fremppplasmpoghd @yyengahemibaly avitl Fodidm b E¢rweepleath chegiical compound
and a second el ectrode, wherein one of the el ectrodes
may FMpHFERFPIE @eR/qr Rydragen ahjogiflan high may be previded i bigfatiieftap pqueous solution.

structuyre 200. In the gl owdi schar chem cal )
r edETVE SRR R GRSty geagmﬁtV&ﬁ@f inf éﬁ&lceaqugmramw%? 200 g plater stage

of the meam%gcﬁ@'g groie n.lt{e fhe eettchcnrr\] I 6}9%%3&: gﬂaﬁkeﬂg c%nng)e rﬁmov),(d for example, by

reac ecl es my rea emc¢
mear¥B £krlo@h reQQ@fBF brotedd ARBQRH debiink Brose@sesuk)ﬁ%ﬁ{@ aggrﬁllre u%ngace between the
creating a volatile reaction product.. The volatil
matefifl @6hpridfig PN AGh& oty cbr@ach iR, mtzlgﬁs R vdr@iagt iy layers 214, 217 of
vessel wherein the etching process is perforned. In
matepa commigingrhodivral Btus,|te npleealicomprising siyerimelsh cfolgrontsat wigs 211, 212, 213
rhodi um and fluorine may be created fromthe rhodi um
is suprpungesleby| agpeq of matesial czmwisiqgﬁhqgtuneﬁorr@ﬁtbmaprﬁ@ﬁtoé the wﬂt%lén@? The
of the |ayers 214, 217 not covered by mask 218
matefjpl C?‘é‘ﬁ‘é%ﬂm‘ﬂw FRGHE B oAt 58’.!1‘1‘ a@ttkﬁw%@aw e é‘§‘§°‘“° layer
210, \04?159 %r?tle Qm%me 51{?\'/ Ipot%gge?ﬂlilc% a)loarnd ?n%%llélr%ct:a )I; eIn garilciuhb rh((:) 1§r|19n ;gs az}l hllgy chemical
smmeth rhodi um For exanple, the chenlcal conpound nmay
conpri se ozone and/or hydrogen chloride, which may be
pr ové gRgnd ivehtva, o9V, of nod Res@EIEEO LbSdhdatsi vhBrein theluyel 28, 217 of
shows a schenmatic cross-sectional view of the
matesi@ RPro@ g Godinm $irn | ctgd wdicR OOstammially complgely stragds hé miatgal comprising
manuf acturi ng process. After the etching process, the
suvermrgwdezmndeaw cm;acr @W\} b 12126} edwpinbodifgntsyariso B¢ fogmation of the
nown resi st st process. After the etchlnglprocess

SR thea'ﬁyeéﬁlﬁ of aiprif] eompins risdtelesed dheipaodt of e contact

s SPEL 08, AL Rt 19 SRHI013 9 g e

of arpﬂﬁptfdp@e[&giné &Q(QLSL&HAPICI%HIOJQ Qlﬁ)smw Hoﬂ&onﬁpﬂmrohﬁif r&Q layer 214 at the
| ver in each of the contact vias

bono&tﬂfmua.d@dwml 8 2cRa6s 05 higkt &k Ak uﬁﬁ)mmrdnsbfn@ wjapplu ldmhe sidewalls
formed by portions of the layer 214, 217. The materi al

of the omiactivias AY, 21302 B Uk suoh ¥ mjyrd@nedts;t theamateinlt ca pristne bitverant the lae@d layer 215
silver and the material of the dielectric |layer 210,

and th) [axer B pgoaiests theysitider okth¢ sputee t5eipth 2Q8hbpriaicagldciyodg 35 and the drain region

mechanically. In particul ar, rhodium has a high
209. CH}EWT’ é%nealgg A19F85% Pegformed after the formation of the layer 216, portions of the material

comprising silver at the bottom of the contact vias 211, 212, 213 may react chemically with the silicon of the

source region 208, the gate electrode 205 and the drain region 209, forming a silver silicide.
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The present invention, however, is not restricted to
enbodi nents wherein the |ayers 214, 217 of nmateri al
W@ 09p6as8ng rhodi um form a cage whi ch subst ant PEl/U§2007/024564
conpl etely surrounds the material conprising silver
Advgpragapudie dhei fosnaten dthde cibat sitididevinayshel reduce 2 kBntac? feSistarcy between the
ot her enbodi nents, prior to the formation of the seed
materi@jy@mprigi]ggsilvg@r the emmtactyfas 1He2 1R ) &pnd Zie4ounde regepn @94, Hie gate electrode 205
npri sing rhodium | ocated at the bottom of the
“d%%ﬂP&E¥mW%§s 2 11, 212 213 nay be rempved before the

rorgRe? el %??Feé‘%?{ i SRR 1F o B fog e tter sage
of mé%ﬁﬁ%}éﬁu&ﬁgﬁotc&?téuﬁidr 0 tKEh Jngf%’t]\}rﬁ m&gcydtat:c% QJ thé J?ag clf %grrt described

bottom o e contact vias 2
abov@twid @ ro @igaRs NATE o RAR 2PPbE hQiﬂ:ﬁ:ctQJ‘: ﬂatéﬁallrﬁ)avetfe f8rhfbd over the
on the sidewalis of the contact vias 2 1 1, 212, 213.
semitdnd @ to€ bneni2ad0.MahE fayer 120 € maAR t@iprigd th€ euiffaratdritiCas Shel M@F 200K or may
the seed |layer 215 and the | ayer 216 contacts the
compgis¢ 4 Gferendmatetind lo therfgmatiop gf nlaRD 3!, depesitigmprecesseeedirkoaken to persons
205 and the drain region 209. In the annealing process
ilgga Popyeh S SR HS P AmEet o | ayer 216

Dot BRI deh e RaR ALt 25 22 ot 5 o rShes {5 B, g g emvodimen
descr?l{%g mbg\%l Lv %fe%rgxcé I? 5?_.% eL Clg 1? rﬁayt ln:efo?lgelar CEor’ ﬁlgogﬂpog thethods of

gate e Fode drain region
phot(;lmo??aﬂ)g a@d e?dhlng ev@ll %l’vﬁ kocb%rscﬁ‘g\’l@imi ﬂﬂm&é be Ls@@ IE the ff@ﬁche@ 822,223,
he si |l ver suicide may hel p reduce a contact
224, la65irst BRE @29 @ tsiB @dYerlt 12@ andl @ydrabe GOMMIdcSitdNg cSidlidfied mhtblial may be
the contact vias 2 11, 212, 213 and the source region
form@08, the gate el ectrode 205 and the drain regi on 209.
Figure 2c shows a schematic cross-sectional view of
t hén Wawienbadineatsche ssedrliyet 327 endzwasiehﬂé or %lfcgicalbtca@ectm material may
t he manufacturing process. Simlar

Com‘ﬁ’éﬁ‘iﬁ’f’%&t Tarych @m‘??ﬂ‘f‘ﬁg‘ﬂ the SRB HYRIGH2E B ‘HE'P%‘F Hf“é’“‘BP“d("ﬁ gniglu nitride.

The arrler liay S %b)p he?p even or a? gegsrt]cguce a dﬁ}ug qsco per tlrom the seed layer 227
2717 of” & Pic e € 1o

and/(trh[ﬁe %?ép 58 r\ﬂw QEeoﬁlelxs,ctu{cuﬁ:lStH{a? 01291@ lay-gr| §21I ?n\ﬁeiﬁto 20%;]& rgaﬁ{ponents of the
conprise the same material as the layer 210, or

semiEatiRlor &Rictare A0d. f B patuldBkeairdi layel‘ p2stovg hbip RNt medaée 4 diBusion of
| ayer 221, deposition processes well known to persons

coppekintol tdfi¢ldh effdae tramsibtpr HAc buclashatQ/Rdaioll off thp<TidbBnanceayf thefield effect
enpl oyed. In the layer 221, trenches 222, 223, 224

-transisfopr2P2ague tte) dee dmpurignieyetsscaqspd by the Incorporation pf cppper atoms into the crystal

enbodi nent descri bed above with reference to Fi

strucfurg. qfﬁhwwcg@usctgrwaate I;’-Q)lr mfyhl?e subsl'ﬁnba(ljg é"m%t H‘B&agegpge?szﬂ may be
formertbyl ect(ry‘iesso g@(’D angor%gbbngd a er %\Q@P th rmD ﬁlréyse?eﬁﬁcﬁ)latmg

e use h“the’' trenc

22?!1'1 Otgfg %mbcﬁml%ﬁtrs rtflees'éedl l%)élefﬂ %aﬁhe lgyeﬁﬁ%q)f Llé&fﬁglly%%uaf\}g m&erial may
| ayer 226 of an electrically conductive mateéerial may

be cdirife@oimBalaterlaNcomPiidng&IRA WhirBIR bibstardiiG paR&lvel @Y&iIvePadify AlThbe used.
the layer 226 of electrically conductive material nay

In sl amirodisnents depertier lhyar 223 clay e¢riaogtisee nf smatérlaecob@risingehodium, similar to
| ayer 225 may conprise tantal um and/or tantal um

the Igyert 21 ¢ drscribgthabosa Similarrto the {pemationds thedayerids, hebarrigslayeregas meyrbe formed
at | east reduce a diffusion of co? per fromthe seed

by n]e%w @f, sp??x?ng, ALD, CVD and/or PECVD. The seed layer 227 may be formed by means of CVD,

PECVD and/or electroless deposition, similar to the formation of the seed layer 215 described above. Similar

to the deposition of the layer 216 of the material comprising silver, the layer 226 of electrically conductive
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and/or the layer 226 into the dielectric material of

the layer 221 and into other conponents of the
w@eeBoemssuct or structure 200. In particul ar, tPEI/US2007/024564

barrier layer 225 may hel p prevent or reduce a
mategihIf Whe tapuprigdd of @ paerial icoxti@ising) €ilver @dycbeakposietl by mams ios ird¢lectroplating

202, such that a reduction of the perfornmance of the
procgss.el d ef fect transistor 202 due to deep inpurity

| evel s caused by the incorporation of copper atons

i ntAftet fiefoppayian ofthedpyer2f Gf deciicallygendugtivg Baierély etplﬂf*aﬂzam" process, for

te 201 t t II i d
ol SV B Ry SRt By B BEPi GBI Hn! ey
cona@PQé atefi FQM(P t@nsq dt ﬂ?er 2@’)’%&'5_'_%2% %.Ych&ezzfz Oﬁﬁegmbyf\ddmonally in the

ectropl ati ng. Tn Ot her e Iments, the seed
plamgaZtloﬁ%céJqSorJl(ﬁy&ﬁhe%%ﬁeﬁIyereJZ? GltdideGiR! tJeB{ch&Q@ﬁj Q@?at QZV@nay be removed.
materi al nay be conprised of a material conprising
Si |Ivedme sHiRliRkms Shdast MmBtséed!lhyyr PIIr Md Shel MRF 2T ofeeleSiritang lconductive
all oy may be used. In such enbodi nents, the barrier
materigyremprB@§lverayd thebag@njoyer 825ctomprises rhaliugy, ihe bariiap hapar 225 imgpt removed in
rhodium simlar to the |ayer 214 described above.
the plinprizptipn progess- i@ snel embdineits giortiopseof thparrierdaygr 225 qutsifieathe freaghes 222,
l.ayer 225 may be fornmed by nmeans of sputtering, ALD
223, aaﬁarw@ée:wm ML 6%1 P‘Pfﬁifeﬁ’m"z‘?‘? twh%vrmﬁsﬁésaﬂw above for
relectrole

the removalsof Ipor{nons oRthe Fé r?l cﬂf ma en]al C{)Iﬂ%rlsmé 8§1|um outgl 8 tﬁl'n%con{z]ic‘:t vias 211, 212,

simla ion o ayer

213. dlﬁ§&1{e| epﬁgi rﬁéﬂgvaefurt@ lg}el' &' makegaltcbrﬁprgﬁg %Jhtnh ngy Qefforlirlg@over the trenches
| ayer 216 of the material conprising silver, the [ayer

222,226 20 simlie e thd omMdalioh of M8 Bhyi& i Ve iRteR4l lc@hprmh@mod;mwei HE&bntact vias
of a material conprising silver may be deposited by
211,38a08. of an el ectropl ati ng process. After the
formation of the |ayer 226 of electrically conductive
mat/’éiei we ren@vagbloan%mnz at themarperdexss 825, the seedaxppi2@ apd dnayer 226 of
r ocess, performed in order to renpve portions

clecfifally ﬁ‘é’d‘i‘CHXFe'?‘a‘ez%"“&fde e dEprLRP %?3c%9ﬁotbfciernefém$1ﬁ<tfm af these layers
msxdiglf tre g dslsﬁgdng ?%é? rforr%zeﬁ,{;tﬁé’zli % f:onguc‘ilveell l!;]l&h cognsett tl12e solrce region

i'ona Anar i zat] on pre
208, R &all a&:tr&fe 505:' %ncpfr% rdhlﬁlr reélgry §do \%ag’otf?ér' §éuqeele s Enr ﬁ@ g&ﬁ&mductor
222, be renbved. In sonme enbodi nent
strucVU?ee?_mﬁl B]eéuhﬁl &ﬁlﬁ&loh BM®den a@zleaﬂtﬁll} &bﬁddc@%@nﬁes%&ﬁth@fource region 208, the
el ectrically conductive material conprise silver and
gate ela@rolia205iaed thk asp@rreg?eds208 dsrmasw'ncMaSy thh @dietiancorhfaBing silver pedvided in the
layer 225 is not renoved in the planarization process.
contychvias 3¢ h 2EBddi ment's, portions of the barrier Iayer 225
outsi de the trenches 222, 223, 224 may be renoved

medt§ Paé‘fcu'éhe“é’f’i‘,‘ﬁ?“r‘ﬁg" Biotsd akoye arg r"m"la%w ol 6 e "Bf'l&'ﬂ'r ﬂ@/ Pbe modified

and é) F]c%ceﬁ i di e?sgétn Qc?ug/alg? gn\rallf?ng s%r g%tr thO%% éklﬁleﬁ (%I‘FITJ% (SJUIP% rljlaléeneﬁt of the
teacﬂ:utég h&QB‘t @&I exyduﬁ'es tl% pl(;lcess gtl]%'setzfln%l alJo(lE ﬁgnl?e ﬁg‘&ﬂgﬂ IIEA”J gerent order.

further layer of material conprising rhodi um may

Furtlfeﬂﬁcﬁﬁ? do DMiRKiods AR IKERACH @S deLR of dohructd] ds deSiliheked! shﬁ\ﬁh H& than as
formation of the layer 217 of material conprising

desctitied thi therlapwsebelotvh B isclierdfaed vident @t tBe phiticuld E@Abodddedts dibdldse above may be
the renoval of portions of the barrier |ayer 225, the

altergiegcfnng‘y@ and gil7 suglh dfartatigms |axaycepsidg@6 within glieessone| agd bitigt of the invention.
conductive material outside the trenches 222, 223,

Accosdingly. the grofegtiop Sqygty Qer‘fd'b‘rs £§ Brfartyp the Faige bgloyyer s
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inside the trenches 222, 223, 224 formelectrically

conductive |lines which may connect the source region
WQO®gs/06dse4 gat e el ectrode 205 and the drain regP@CRUDD7/024564

with other circuit elements in the sem conductor

structure 200. Electrical cpammgcti on between the

el ectrically conductive lines and the source region
WHAQ3S CLABMERt e el ectrode 205 and the drain region 209

is provided by the material conprising silver provided

in the contact vias 2 11, 212, 213. The particul ar

enbodlnents di scl osed above are illustrative only, as

t he' i nvehPPBH My Be? FBEPIHLY SEHsyre st QL £mPEng 1
di f f(f%rde réta sc?r%'l ong&% strate&ZOrlr)la‘cﬁrl?lgrE)s?nﬁ ZF&?' r(?lp ?f a%le[egmc rﬂaterlal a recess

skifff erart navi eac

herein. ﬁag prE%AIR Gid 1atyt}%f BLOGRSReRl®NS); gl forth above

may be perforned in a different order. Furthernore, no

| i nlkiratsdi@Rsesalit ainitefNdefbrisiag $ikg@. det ai | s of

construction or design herein shown, other than as

described in the clains below It is therefore evident

that the particul ar enbodi nents di scl osed above may be

aIt%red'B¢"wﬁ@1ﬁWé@]andwamHMQUEﬁsvumﬁa¥P@ﬁgﬂwpefaumwﬂvm(2”,

considered within the scope and spirit of the
2'22h@éﬂ¥?ﬁﬁm(%368?&PHgly the protection sought herein

is as set forth in the clains bel ow CLAIMS WHAT | S

CLAIMED: 1. A nethod of forming a sem conductor

st r3UCt Ul e (ngtgg)cp (Sf cﬁﬁlrnp rfdrﬁérrz:gmprg Ydrglln%'g fgs ‘%ﬁm (9’ q %Hﬁ&l ngpnsmg

substrate (201 conprising a yer
rhod§linEdVEICd: Teh & oMBBIf @ lsidédall afd 4 BSBH SurREd $TTaild FeLMdd &ﬁ)@l to fﬂlu%@hn@l recess with
| ayer of dielectric material (210); and filling said
said @@l somprifil siiveiat eri al conprising silver. 2. The
nmet hod of claim 1, wherein said recess conprises at
| east one of a contact via (21 1, 2 12, 2 13) and a
trench (222, 223 224% 3. The nethod of claim1,
furk her BrWﬁhP% wa@'a‘f”o rﬁ”ﬁ@f'"asarda%f (%‘Z‘)la’) mejfrial cofgRriging giodium is
.conpri si over. at ewal | and
saa BB St paee D aTs T S e R B s FHERRG: al o
recess with said material conprising silver. 4. The
met hod of claim 3, wherein said |ayer (214) of
matser i alThe GImbd S di (ﬂgnr]hwﬂgréﬂmml? aAfhckedetsOnal dadd Rk iNELm rising silver
over portions of said sem conductor substrate (201 §
comfristsSdefl@itiagiia dayereQe® Sf sfid mitaeal k@bpnieidg ifvercdvad $Xid1lsemibbeud@dr substrate
filling said recess with said material conprising
(2013i | ver conprises depositing a |ayer (216) of said
mat eri al conprising silver over said sem conductor
substrate (201). 6. The nmethod of claim®6, further

;g%;: ISI’Iglg mQtﬁ o? Elzrl?m%gfurt er cao%r;])relgrl)gl prggor[:r)nrng %ne z?n%éahl?gaproq:ess said annealing

process being performed after said deposition of said layer (216) of material comprising silver.

7. The method of claim 6, further comprising removing portions of said layer (216) of

material comprising silver located outside said recess.
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process being perforned after said deposition of said
| ayer (216) of material conprising silver. 7. The

woredokoehsed cl ai m 6, further conprising renovi NRCT/US2007/024564

portions of said |layer (216) of material conprising
Si [8ver [The atethod olitisimde farghied can@eaigspsteBovidghportioat kb chidofayer (214) of
claim4, further conprising renoving portions of said

matefig pemprising diypdieyhi lopaggd@pthigd said enegss-i si ng r hodi um | ocat ed

outside said recess. 9. The nethod of claim1, further
conprising formng a layer (2 17) of a materi al

B e

rsing

rhod&x%rmgr szmi Qeglhcron&gtlaymsprgte %Il)pgndft&rn{m& ?salc!3 I{ X/er y]J?) ogglafxsi.rz?al gomprxsmg

materi a

rhodﬂﬁtb@uggpe%mﬁh ﬁ’ﬂemillgﬁ salti wcésb with G mfehﬁ 'caﬂmsxﬁg §igdr. S ai d

formati on of said layer (217) of material conprising
rhodium formng a mask (218) covering said recess
filled with said material conprising silver; and
perip.or mThgmethodet diimng fpthevesgisagapt ed to renove
portions of said layer (2 17) of material conprising
r hatkr sai dpTmetion f gaidh iyer (B e pledatesip! goalpdsxm@kdu(nmfmmnglalmask 218)
The method of claiml1, further conprising formng an
el ectri (‘?%Nef'?,g S&‘S fﬁ‘iﬁ&f“l'eg &itp faﬁ’é“a(e?‘élfom&’?@g st ‘2‘43“dover sai d
recess fj nat er

s alp dr ormm an e mF Proc(:]gss a%%pﬂed to re ove rtlons gi.lpsald ?aﬁ%r?Z 1%1 of ma{aﬁal comprising

recess sal
silver pANRHRY RAnebREk by &@Imaga@n@ct on betveen sai d
el ectrically conductive line and a circuit el enent .
(208, 206, 209) formed in said sen conductor substrate
bel ow said recess. 12. A sem conductor structure
(200), Ocoapethel ¢fglaind | Sferthec an@tGigobrsighateteatienlly 28 )ctive line (222,
sai d sem conductor substrate (201) conprising a |ayer

223, QP @Yer 6#id gecath Elledcishiseid matees icemerisingeliver. aiscreasss fpnewmu@@ material

in said layer (210) of dielectric material, sa

comprisiag Slven peg iiner 4 elegitical Fanppetpn pstes saf etsaﬂ«aw gq"ﬁlgjmge. ljng, apd a circuit

or .struct ¢l ai m 15,

duct
elem V\Iﬁ gZPge,—:'}ﬁG 2al rmer& 1# s(z:nd seml%l?ucg)r su[) E t’ltg %80 iald 6?10855 of a

recess 'co eas
contact via (2 11, 2 12, 213) and a trench (222, 223,

224). 14. The seniconductor structure (200) of claim

15,12 whe i icsldor SEUFuRQIIEY 6dniprisiflbst r at e (201)

conprises: a circuit elenment (208, 206, 209) forned
belagemismiiwitor suparate((20 D said fendhioaduaort subs@atere0rdo@prising adhyer(210) of a
electrically conductive line (222, 223, 224) forned

above sdielictigeterial: 200 resess giomidedcin spid layert (@10 af diglprtricanaterial, said
said recess filled with said nmaterial conprising

si | ver pieVPaedishvith ageaeriplcaprrisgatiet i on bet ween sai d
circuit elenment (208, 206, 209) and said electrically
conductive line (222, 223, 224).

13. The semiconductor structure (200) of claim 15, wherein said recess comprises at least one

of a contact via (211, 212, 213) and a trench (222, 223, 224).

14, The semiconductor structure (200) of claim 15, wherein said semiconductor substrate (201)

comprises:

a circuit element (208, 206, 209) formed below said layer (210) of dielectric material; and

an electrically conductive line (222, 223, 224) formed above said layer (210) of dielectric material;
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15. The sem conductor structure (200) of claim 15,
further conprising a |layer (214) of a nmateri al

W@ owpeassng rhodi um said [ayer (214) of mat erP@l/US2007/024564
conpri sing rhodi um covering at | east one of a sidewal
andwharelnohid oeres UTiEd eh efid ;aerthl capeisisg sillé. provies an electrical connection
sem conduct or structure (200) of claim15, further
conpr i sihetyveen damycareuit depieht @98, 306 AR dasaidcabaniicallg icongluctive line (222,
rhodium_said layer (217) of material conprising
r hodi um$&i24Y- provi ded over said recess filled with
said material conprising silver. 17. The sem conduct or
structure (200) of claim 15, wherein said nmateri al

CONY i Si hikohGleiof 9 0| of “hafi] F45l CE@P%iVB 214) of

feature'?gfa%f)gf?,_%_ eﬁﬁs i°’d “Sem con Sb%b '%#ﬁbp¥%#e ) of 2
mateki@ 0@ nprisiHg tritRAfumC AL (116) & Ala@eyiarco&gédn)g rRbdiud SRR he@kast one of a

conprising rhodium said |ayer (217) of naterial
side@DITpd 4 Sittovg surfacechif s redg3st ant i al |y covering an entire

interface between said electrically conductive feature

(21 1, 212, 213) and other portions of said

sem conduct or substrate (201).

16. The semiconductor structure (200) of claim 15, further comprising a layer (217) of a

material comprising rhodium, said layer (217) of material comprising rhodium being provided over said

recess filled with said material comprising silver.

17. The semiconductor structure (200) of claim 15, wherein said material comprising silver
forms an electrically conductive feature (211, 212, 213), said semiconductor structure (200) further compris-
ing a layer (217) of a material comprising rhodium, said layer (217) of material comprising rhodium
substantially covering an entire interface between said electrically conductive feature (211, 212, 213) and

other portions of said semiconductor substrate (201).
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