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. Figure 2a shows a schematic cross-sectional view of a semiconductor element 200 in the form of a field
effect transistor having essentially the same components and parts as already described in Figure 1a. The
corresponding components and parts are indicated by the same reference numerals except for a leading “2”
instead of a leading “1.” Thus, the semiconductor element 200 comprises shallow trench isolations 203 formed in

35 a substrate 201, wherein the substrate 201 may be any appropriate substrate including, for example, a silicon
substrate, a silicon-on-insulator substrate, and the like. Drain and source regions 205 are separated by a well
region 202 having a central portion over. which a gate insulaﬁon layer 206 is formed that electrically isolates a
gate electrode 209 from the well region 202. Moreover, sidewall spacers 207 are located at the sidewalls of the
gate electrode 202.

40 The process flow for forming the semiconductor element 200 may include substantially the same precess

steps as already described with reference to Figure 1a. Thus, a corresponding description is omitted. - Moreover,
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uniformity that is achlevable over the entire substrate surface. Durmo sputter deposition, the substrate, such as

the substrate 201, is inserted into a reaction chamber (not shown) containing a target, that is, usually a disk- o

shaped material that is to be deposited on the substrate, and means for generating a plasma ambient. Typically, a

35 plasma is generated using a noble gas, such as argon, to direct ions and electrons to the target material to liberate

target atoms. A portion of the liberated atoms then migrates to the substrate and condenses thereon to form a

metal layer, such as the first Jayer 221. The process parameters of the sputter deposition, such as chamber

pressure, power supplied to the plasma generating means, any DC or AC bias voltage supplied to the substrate,

the distance between the target and the substrate, the duration of the deposition process and the like, may be

40 controlled to adjust the thickness of the first layer 221 in accordance with design requirements. As sputter

-5



WO 03/ 083936 PCT/ US02/ 40806 the sem conductor el ement 200 shown in Figure
2a conprises a |ayer stack 220 (as described more fully beI oCTtA@t s

provi ded {@yo3fdgsvsgubsequent formation of silicided portio rain
s 205 and the gate el ectrode 209. Fnl?C]Lr/{}SQ%Iéﬁso(2

and the sgurce I e J;

schemat i cdaﬁ‘ﬂs’y""s'i%’gé“ Progsieuig @beady welkestablished dm e ay; wy degpiled di?&'l'PE‘P’bﬁerG?f with e
sem condweited. 5 el enment 200 including the |ayer stack 220 and a portlon of
t he under| y' ng\ﬁ%f 4hlecfips@la§'8%?h£|b@% de néog,fte(a%nﬁfﬂ%rrec& 1cknbﬁ( atzxgeoogne-(%ntamm% §as fg')F ce

According to_one particular st'ac
| ayers, &4TPleshitpgse Qi) i et topleplasea yreiesh dit hagypesn fm@ thetgrapy reﬁﬁqﬁgy metpiptsegh as
ni t$ ogen tmﬂmpmdnmﬁ,ﬁﬁhtﬁmﬁ hmfoﬁenl AY e 1R 3oﬂnriut¥ob§1 Jo@.béﬁh&fdu%g%&t@} depbs¥8 fin thd €

1oyt haltespe S nep ool of GPBRUBG: 2B b i o Pty o3y s deposivon
t ant al UMProCEsR GErRBeIers, rw@k@tg, theypefarhdieas boiktel ouf habove.cand nelrtibwarigrhe? B&v ey ofLflitrogen
conpri se sgppli®ttakne Qéat:l'i@qﬁdgmg ARaY @ﬂy be %@ol]@é toaadﬁgtttﬁael uaa{nésg gﬂﬁa %%J@QHJS LR

one .of tg?coﬁove cited refractory - netal conpri se

a net al AT $8y After ﬁé?ﬁ?ds‘h'm&ﬂs tfdPﬁeed fhs fntre&fa ﬁwa is *&%ﬁyﬂt@wed,tw%’éreaﬁbﬁ/réasma
ci i®ed netmbisnt isTHB ntalaiadden e@thatﬁﬁcrebhg})d mdié Métﬁilﬂlﬁh mleRYBiige id aésosn&ﬂ&l BNEhbARB. This

sel ected pFerslérgn%Lrests&%ﬁP%%ﬁétJn% ?ﬁnlé/ A %ﬁgﬂ% reSI 1§<(>)gézT 6%'[, ionéu tLat ffsallljf_é'l dle?s ,imtél %

is the mater source
on the siPWrEastatiayee 823 agdusehduct i ve regl on 205. Thus the th| ckness of the

first |ayer 22~‘ihrtﬂeﬁn&@|aﬁﬁhi&doeh QapRfddah mettd?eet A&ﬁﬁ% Mﬁﬁhgx Rt m@p%&teefon ftﬂaqaroet

silicide F(P(Er“hgghsamrber wﬁls or ned. egd g Q ss.of the second l|'ayer

whi ch wi [T FEFYE™MRE KHISPRY PE rqmeyssl,during fh dqpgsitiog progesyy i""fﬂF‘l‘,l‘EF‘E?Pe’bé‘prliyéP ﬂ}a%&“ér
subkst ant iceiitdmynalipn-withymata) ndllldﬁﬁlussumﬁqlknt@mtwﬂtbpcﬁmlomﬁrodeaymmnﬂma t The tiépositicigpemoessl

| ayer 22201'&1?&“!@'@ lﬁﬂr t2|5‘§ id gkb;fpgd lWBYES r%gr?edatﬂgkn@ss 1@%&11%@& o GAGH laqghgess)i%ﬁg otfhe .

first Iayﬁ ]? '?l the second |ayer 22 5‘guent
for form A FRE Me Stfie%’F‘F“i"’c‘fha’Bbeb&reP‘P@ﬁ]?d Sgcxop duT I 281 oy At serhen
- suf fici etyerpthetilddneseris ndt ctiti@l sidey ds\a mnfyinfun’ Biuittd ykctivédls inrefidiify SxiQELAHRNE

anneal s %@apantegcp rC(ﬁxgteHQxltl? J acéot'dufchf th Bl?il:\ﬂa% Qlf(lglodMeng & la#rerx1 sttalﬁ(%Zﬁ %%ﬁﬁllg%{{hg Wide la%/grs

is titaniumnitrid ness
appt oxi mately? fet 22?0@%!?? f"FH%d Pmndk et SpuBser deppsitip pogess, dheechy 213@ﬁcam wiproRiog |
serve mut:dneh;ﬁwnsexqumﬁmﬁﬁaeal step as a getterl ng Iayer reacting wth

t
g?%g?ncgn‘ggﬁn% co%utxhegocé(‘:glrﬁfﬁ 11 u?tmpyeperxr?uerrg‘%x% esfé e%y[e 1 ma g)ﬁt()ie ?“’6{? ru;?t B/asma

consume &hpiesfo fora fe&?@@ﬁleaﬁ m‘Pslt bver ﬁ%l,e@dJ%@qwmbt the glbtth@ 200 1isf m@bd toof segdnd

third | ayafmaza&lenvymlmaigl zysecandt ﬁig@thﬂﬁ&ﬁl | 16 welpreaﬁaﬁmpfanammwemrﬂnxml 530
nny S su %tndesl red oxidati on.int

| ent
fifst | ayerp%ﬁe’fg A&ef AR OS’PODt f’gra'éB’f’ gl%f‘dﬁgaé% tﬁﬁ SHP‘B% PP ORI BE B & Jismntinvef he
first |aywkas degtibeliethgérendyite the Faszeing aatRdipenygridalysutiraariten?23yis depesitotile

met al ang tﬂthﬁm@ amond sﬂ)@%ﬁtﬁroaggde&ﬁgﬁhﬂ@& s Ie%la‘fr%@ﬂdv«? S| t}ﬁs t@llnat&lai & gsmon
forrredfr“or% ?téxqvg tﬁl ich forms the first and third |ayers.

the same"HePal'FE? "OREms G It layer 221J5 chassy t&H{ﬁ‘dtal‘?é’Pf‘WZ‘?dos‘ r%; @pidion zd W*z*z?" ﬁ’ﬁd :
223  of f escendtdne tiind| lhyowi 228 aadl 92rdragiesied BCpréiideffer albdpyimunh Prorentivn fofl eHe st Rayerd2ti r a

hi gh dengids tﬂeg,;bggl{,aﬁggtgéa{&m ts on large dianeter substrates, netal
| ayers are e osited bg/sﬁétFésmal vapor deposition, such as sputter

deposi ti on, 2 g POS £ {PRAL [rSpmMERiRcaFied PRl iftiate rshampigahiecyion besyee e silicon
achi evab inehmﬂespn-tdnanmrgt dondactdd g ton a05eans the ffx&c:ﬁetalmyeﬂ ng. $<pmtste@cr depeitisy dniti@ype

the sub SBf xﬂétﬁmo&&iﬁ& i She itirgqa)%u%t £c@gr§m§ 9) dt"Fl ebeoldpn?eg{ t %rsf fmne'ﬁ [ a? f ea? rs{]averaﬁ:d

chanber (not shown) contar ni'ng usu
mat eri al “PRYRME &y be praforedse Pfttéeim@ﬁ therféer@@b@mﬂam betwegm the nefahs thfe dirst Q’éﬁé? htndng

a m as nathambdeﬂ?ih SLTc}bﬁlaﬁhak& $orm @ metal silicon compound. During this anneal step, the second layer 222
substantially avoids any up and down diffusion of material of the first and third layers 221, 223, which is

particularly advantageous when the first and the third layers each comprise a different metal. Furthermore, the

second layer 222 does substantially not react with the metal of the first layer 221. Moreover, any reactive
element, especially oxygen that may be present in the ambient, is substantially consumed by the third layer 223

40 by forming a compound, such as an oxide, with these reactive elements.



35 plasma i s generated using a noble gas, such as argon, to direct ions and
el ectrons to the target material to liberate target atons.1A06bdtlion of

- the |iber staeeb/Btees t hen migrates to the substrate and cordansessdsher eon to
forma netal Ti.ayaﬁap h8 ethadRa thlbﬁa%}srzsi arld3¥Ehe Lchiver] RoRE ARERT PR AIERES of

the sputter deposition, such as chanber “pressure, power sug i'ed to the
pl asma g&hF At deyemzinbat happotpeactsd vl thy wnderyie siigen lémﬂvrfcbd o) rgppxal may be
subst r at eccomplisieed @i, pdrrfieg b@h&tﬁ@kn&vhﬁwet aﬂ@@broadaﬁs the substrate, the duration
of the deposi i grrr:]: Qs&gm %xca n hle mel(ai(sel’icon ound %95 {5 linoalnld gxg th& gllc%g-l:olﬁ%;n ghe
t hi ckness of f2 ? 35 1 ance thd gn, requirene

As Ssput t é?ndum?ﬁ @Mr WBO‘@BWU% 9@65 P@EYIUSSQ)SCQQ@BI)@ ﬁnd@p’@sli ftePf@ﬁltt%I ag agnd
“processe &c&rd%n&bnrseeacby a Wehdr a\%ﬁat@ilalln hesdAB&thhr in %@ GrsPHeht ,trea%mym d@éaﬁrleh 8 todREEdh e ON

t hereof wi| om heflr e been deo:ted Wt h
the r equf’P’é{f ‘E°ﬂ’? 8‘1?!?8%‘*9 mtaaﬁiefaf%lg‘éd “E‘b?i‘f@f% ‘f‘g‘j%[éy ‘es‘sé%?&‘h‘B‘i“ B den
(N2), i srzihdaeh drthenirrl siicasemmpamznt . |t has been found.that nmany
refractory megglg, 2d5§dﬁéi'na§c%n sholvb fuf%gkr}ﬁ,@and&'t& %Q{H!».en‘rt'% Lf?epfcéﬂaﬂiéﬁon BP&&Q%&S{B Rad

the like, formmitrogen co ound urin eposition In H{)resence
© of 10nj t r odeatmh Whefsip nleﬁbsﬂsceé’e Beitors g0feare lezrzzd m}d prehe seyrppd deindeginnt %QS apf the getge
| ayer. Agrétidde tdoe Ddemﬁd grévidion opm@sée@a 1a9aha1mmar thie ﬁﬂstnﬁdt tekdtiaght, ﬂﬂéﬁl’te@ﬁieéhﬂlﬁfbdﬂl’ s
P o BPHE n ARR Sbehl SebaBntols Sl Rt PRE o HBrbesy L
t he char dtfieérfiost thefof cﬂfe thirblayeg é%i; yided] any elrfﬁliiQanctlsdlfYtbewea Hess itweeldyershis eubptensiallyj s

obt ai nedavdi2g ni t rogen supply is di scontinued, wherein the plasma 10

anphient is stil i.ntained s nc, aS|n han et

n rgr ide is depd E?‘EE ST ?E’Bé‘f“ Scr 5 far gﬁf%é %éyeﬁ F%'g‘r gbzﬁ@g Hﬁeteidﬁ%erent
subst ant ilaxbrk,ythealayer @ifackt 129 maysiodprisk amy ztppmgtdﬂtﬁ gaberi of layes sumbdvesthe telpeited Hiffngadnl y
a subst aghdid! fhaktion aH&he req{;{?eti %éﬁeJu%Wctlc%ng ﬂa?tlcﬂgrqgéjtﬁﬂgnon %%&Qﬁerg%@d laydf 02 and

ni t rogen captured In the target nateri or. any nmetal nitride depaqsi ted on
the targdt® '%ﬂeroﬁt*ﬁéb%m%gmwpw%ﬂﬁéaﬂ? é?fﬁ?é&f‘dd‘tffﬁ ﬁgldmév vy
process tiat howp ofthd lawg ek RPahiYitsa6 ethirtd jeh@ing dificinoy) tvaereas aiteipamion/ntiép ofitrt ﬁﬂst

ni ;(f i de 'n{}tai?l k@Hbjsfﬁ ﬁ)tnts %Eu}h %qiffﬁx §ﬂ tb op Eh%gérﬁtiéss \'ﬁ}llglﬂadg %g)ema-lmeta.\e for
deposition process or t he ayer requife

t hi cknes§mPlingatyjugigeh i g Wfé\‘forapr?‘éﬁfuw‘?%‘ tbwpré&eo @ftrogGﬂcaa@m *reﬁ%rgfg“ed thobiaie
deposi ti ar rahadrmﬁﬂal hibride Shdubdtal ShBGuratioh BORe debvad hdaitiid uyay eMorbdidr, Wi drk edivkihedet
as a sac rﬂl f’fﬁﬂ |@Jr 22\l %%{e secEntI yexhbg l1<nr2]t)? §esdeI ossnera()tan%g .‘!‘llgll r%g‘ess f’i %mjmcmlg: ?ﬁyeﬁzﬁ‘aﬁli Jmm
required effectiveness in efte yB atoms 18 (tf
ConsequeReTgrondiceeiride hgert2é2 t“ﬁﬁrsas ﬁaﬁhliddweraw mbﬁowﬁto a alfﬁeraxyénategftlawsem

i ngd udi N@egobiforffiéceg. | ayers 20 221, 222 and 223 may be fornmed in an in situ
sputter deposi pr o her b ni f n r ovi n u and
t ool perfornar%tc'eﬁ)nb,&c"é’tggg “ho{heremg‘f ?’Lgoret{‘al"%g 1X€rf\g§y§% (gmtheq?ye S?Aﬁqg% T st
| ayer 222pbiaay r‘ble'rd!ep@smt/eeqép fon the sifigidesforminieznaetah In athtri eedhodiments eppepjally Uheﬂélxi?rﬂﬂ e,
a cobgl t dlep'a;y.ﬁ&n @ﬁ%vo oPhfke SERS REHG sk, t&b&mwmsttr, @és@nbgglaybx&hzﬁkpl@tﬁﬁﬂjesfséﬁtlaﬁy by
secon anbi

1 § i nc) udi ng a. secon e terig i: ‘)sé [r? ﬁ‘ht
titani umltS 8'°3r%?ef o eI BRI HTHVE "’ge?é & yE‘é%% rtexalﬂf’i’é'lrme(tf BESF PrERedt a
t i 30ani umdepotited de shutyredepositive withi pypiply of hitrogre and 4 tamge"mmcd) rafiexi ndertgin dhacknassof metal

di sconti pugdl is @ﬂgneda§¥ gﬁc%ﬁﬁduﬂg%e%ﬁobenrﬁﬁﬁf RRCEe \Engergtmﬁ 4sQf ﬁgé?k\mglaf‘emg kmat ,

gr adual Iy a titaniumla déposi ted whil
gettering function of the Tinally formed layer and the inert effect of the former layer, although a clear physical

boundary therebetween is difficult to define.
The particular embodiments disclosed above are illustrative only, as the invention may be modified and
35 practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
' teachings herein. For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention.

40 Accordingly, the protection sought herein is as set forth in the claims below.
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at the same tine the sputter target is decontam nated, as is expl ai ned
above. In this way, a material conposition may be selected wherein the
first layer 221 is chosen to yield an optim zed silicide portion, and
wherein the second and third |ayers 222 and 223 are selecte% togﬁrovide
for an optinun1§rotection of the first layer 221 30 durinéﬂtﬁ 1 bsequent
heat treat@®AIMSAs a next process step, a heat treatment is carried out to
initiate a chem cal reaction between the silicon in the silicon-containing
conductive region 205 and the first netal |ayer 221. To this end, depending
on the type ofAngdtedd effotringadegion bhigedhicedresibtay@rin2ailjcoacontating t o one
enbodi nent, a first anneal step at a first averaged tenperature may be
per f or med “Wdugivegegianithe methodCoppERngal reaction between the metal in the
first layer 22 : j I hd i hal silicon
conpound. Duri %ﬁ?ﬂf@%ﬁd&?ﬁ#@@%%{lﬁ%%@g gg%br?ggsgﬁ@séggfnnasﬁggﬁa%ti ally

avoi ds anycamduetivet rdgion; di f f usi on of material of the first and third |ayers

221, 223, which,is . .particularl vant ageous en the first and . the third
| ayers each con‘EﬁW%‘EB%aﬁﬁ‘WétF‘%lﬁ(zzﬁg?%ﬂ‘.es (fPRaRHETRE COfEcNEIegilh oy er 222

does substgpi @lck ¥oRptising l%cﬁrst"ﬂlétﬁl L& (_Q@Il:)?é sqkiffchae sdcoh® inefa@yaggr @23)

Moreover, ahy reactive €lenent, especially oxygen that nmay be present in

t he anbi enacting s 8 gbttringt lapdr) andoomstahmitropgn edmepaund dayer 8323) positionedo by
formng a ound, .such. as an oxide, wth these reactive elenents. -6 18
OCT 2006 Vﬁé%%%Qﬁ§§b§§y?@ﬁ%f@ﬁgWﬁé%%ﬁﬁﬁThereafter, the second and third

|l ayers 222 and Red8tradtihpeSiBe estrvel(Y01)esestarh meehl siliside aoption2@8sn sdderi al  of
the first layer 221 that has not reacted with the underlying silicon is
renoved. Stbi¢pn-eantaining eapduséive seiam@0PBed by performing a variety of known
wet etching pro ., a.El . I silicon
conpound 225 fo&ﬁ%&ﬁﬁﬁhgﬁgygﬁugﬁg%gﬁ .cé#5%£§¥§?§@%gw%%%§gﬁ% g?ive regi on
205 after compual 19fer @P2)excess material . Subsequently, a further heat
treatment, such as a second anneal step, at a higher average tenperature
than in the first heat treatnent, is carried out to transformthe netal
silicon cospoundg l SihbGl WX L g fd ly | ower
resistanceﬁ?han@%%g&gp f%%%ﬁ#&,?ﬁg@hﬁgaﬁgﬁkg%%hﬁﬁkE%gﬁﬁg%g%b%?ﬁ?g%n
conmpound 2RFer ER23jand tRelnsth eitmiges adthyowiddager (222) sempossidia saroe mestadment 200
after conpletion of the second heat 10 treatnent, wherein netal silicide
portions 208 are fornmed in and on the source and drain regions 205 and the
gate el ecyrodeTRORetHddfcRith NewhERM &ipositiag séib%y%?@t@élé_jﬁzb@)’@ lcartiéd otini NQ
the first heat treatnent, the interface between "the silicon and the netal
silicide r#ggion 208 is significantly inproved, even if the netal of the
first layer 221 differs fromthat of the third |layer 223, since any
diffusion activity between these two layers is substantially avoided. ' 5
Al though the il Thsietiod\oE cﬁﬁmqqlmeﬂ&hﬁd@@giﬁh% baid I®er back 2bpinchdess | ayer
stack 220 having three different |ayers, the |layer stack 220 nmay conpri se
any appropri at eShitgbaeposting dhetizst metah lappici?d 1} e Blawma #8biedl f f usi on  barrier

function and th ' ' ' Li.cul 1 nsition
betaeen ¢ he. secaiidy & Ats35hasClsiithd H3Eb b Hatylh RS Bsics R0

t ransi t i onnittogwhé@hpdund lawgdri(2220)fandet al and metal nitride may gradually vary
50 discontinuing the supply of the nitrogen-containing gas to deposit the second

metal layer (223).

5. The method of claim 1, wherein depositing said layer stack (220) includes:
exposing the substrate (201) to a first plasma ambient including a first target

material to deposit the first metal layer (221);



that the top of the layer stack 220 exhibits an enhanced gettering
efficiency,. whereas the portion on top of the first 20 netal |ayer 221
exhibits the required .diffusion blocking characteristics. Thig(DDheie
especially true for enbodinents using an in situ deposition process,
wherein the supply of nitrogen gas may be controlled to obtain the

requi red netal exposingltheanbstrass @01y tord segondaplasom ambichidnclodingd seevardt hi r d

| ayers. Moreover, .in e enbadinent, the. first |layer 221.and t ond

| aver 222 et Bt BE stpiRok A Teuep e B PR e "2
and a cordpsneidinigal HitddedRohp¥eid Rees Q¥EhRRS the third |ayer 223 may be
formed of a different material in a separate 25 deposition process. It is
to be noted t hatisdontioting thesubpli ofiha ritragenecantraring Brele thagespsd plaympe used in
the | ayer stack 220 t obtain a i protective cap for the silicide
form ng m%?l?élt%a%q%g}hee%g%r%ﬂ ga?gre(szg ¢ially when an in situ deposition
for two or three of the layers is used, the termlayer is to describe a

| ayer that is defined essentially by _its functjon r%y}gr ﬁ% ('it_s boundary
to an over®yi nglhsrmethed pf ¢lavmy 1) wherein deppsiingsayl Byerstapki20 ilpdsSde | ayer
that is 30 deposi 0Si1| | Bkddte ik @gep and a

| ayer forned, a%égg%ﬁ%es?ltg%{ﬁt]g{%oﬁgﬁn%g@g];a S%%%Féﬂﬁllﬁ%% glga{lg obtai ned, by
di scont i numnngrihlite dapdsitabefirss uel yayea@P2de under st ood as at | east two | ayers

due to the Betterjng function af. the finall ornmed.layer .and fhe inert
effect of the fUPHEIY giregen-cAnHBRg Iga%ttoctB%ngs(B agyie E{Jqﬁﬁ?l§h’e mét]

t her ebet b&h ouhddvet @298fd.ne. The particul ar enbodi nents di scl osed
above ar\geﬂﬁplo%stratﬂic ve oalr%lleyg2 ag the invention may be nodified and 35

practiced in didxpesiegtherubstede(20d) éma sacamhplesmapphicehincludingtrosseonski | | ed in
the art having the benefit. of the. t hi n erein. For exanple, the
process stt@fgéagg’@ enﬁgﬁ"t(ﬁpgﬁB@S Sﬁ%}‘%‘ﬁ%@ﬁ%?@é@ inadifferent order.
Furthernore, no limtations are intended to the details of construction or

desi gn herein shown, other than as _described in the clains below Jt is
t her ef or e Bvi dehle mpthpd phelapadt Waereirheatisertingtha Sibsirate (34 ¢ gompises 2§t be

her ef 0 chte Yhee S (BYea0mBEYeE
e S R L G s S

is as set {eabiidaveragchempéraiupsthaeisdigher thah SheFiTht RREe t€hpdrdirel. A net hod of
formng a region of reduced resistance in a silicon-containing conductive
region, the nethod conprising: providing a substrate (201) having forned

thereon s a'§ d si ’Hil}ée;&gflhlga Bt Balth ﬁgﬁmﬁgpwﬁﬁﬁsﬁc{eﬁ%g  thd §RBAA ket lla’%'ef ayer

stack (220) on t I con-contai ning con egion, the |ayer stack
conpr i si ng(2a3}, ithesmetabhitdogémymnpdudd 13yer 2223 and horereatted avtal abf theet fakst thetpler

(223) actjn a gettering |layer,. and a netal nitrogen conmpound | ayer
(222) posiilaiyg"rézl)%g’m%gﬁ Sg‘gqr{ﬂl%‘ﬁ‘?@lngé’ﬁ%?eé%cond metal |ayers; heat treating
the substrate (201) to forma netal silicide portion (208) in said

si licon-containing conductive region (205); and ]
9. The method of claim 1, wherein the first metal layer (221) comprises at least one

of cobalt, titanium, zirconium, tantalum, nickel and tungsten.

10.  The method of claim 1, wherein the second metal layer (223) comprises at least

one of cobalt, titanium, zirconium, tantalum, nickel and tungsten.

11.  The method of claim 1, wherein the metal nitrogen compound layer (222)

comprises at least one of titanium, tantalum, zirconium, tungsten and nickel.

12.  The method of claim 1, wherein said metal nitrogen compound layer (222) acts

as an inert layer.



removing the sacrificial second netal |ayer (223) and the netal nitrogen
conpound | ayer (222). 2. The nethod of claim1, wherein the first netal

| ayer (221), the second netal |ayer (223) and the netal nitrqgcﬁm: cmg)ound
| ayer (222) conprise the same netal. 3. The nethod of claim1 erern
depositing said | ayer stack (220) is carried out in situ. 4. The method of
claim1, wherein depositi ng said |l ayer stack (220) includes: sputter

deposi ti nggt he ,‘fhl rst%g&etf 1 a}'%lfé&ﬁ%aﬂngéaﬁngk%a%%h@m&a@'ahhe}gﬁaji i ng a

ni trogen- ht ai asnma anpl en eposit sal

nitrogen qgymesfdct \&Ml@feaétzae?dom;ﬁmddﬂd:)aﬂmgtm aniambienhéuringpield/heaf tredesent.
ni trogen-containing gas to deposit the second netal layer (223). 5. The

met hod of cI aim1, wherein depositing said |ayer stack (220) i ncl udes:

exposi ng t first
oo "ol PR bR LRt MO AT ghtag g,

exposi ng tﬂwuau@ﬁettrl@tsﬁor(eZﬁ]a)gateoelact&demdtam mgm, as*dur@rmglpn@ndldl ng a second
target material, Whl | e supplying nitrogen-containing gas to the second

pl asnma antRodyli iqon lingeposit the metal nitrogen conpound | ayer (222): and

di scontinuing the supply of the nitrogen-containing gas to the second
plasma anbient to deposit the second netal |ayer (223). 6. The nethod of
claimi, V\lier elﬂnommnhoﬁfpngmgalmldlmﬂgm tocksipog- ¢w&ﬂ1m§§§0ndl’é§%%eigﬁ)@ t he

substrate firs anbi ent including a first target
mat eri al t HH B%Ptqa]?sﬁéteffhuﬁ &ﬁé@émﬁr Y% (221); supplying

ni trogen- cont ai Hy3Gitidaa rﬁé@altoﬂ%afdlsﬁl?don%oﬁ%nglmdaaﬂivdmgﬂﬁmalptasmlae met al
ni t rogen corrpouné) | ayer (222); and exposing the substrate (201) to a second

pl asma anbambient ncl udi ng a second tar get material to deposit the second

metal |ayer ( 223 BWEH% %—ggroggr# cgrﬂ%lg ng ¢a rén atd pf@l@lﬁﬁ GinBichRtde P{)ﬁfﬂ‘é kg1t he

substrate (301) |ng process at a first average

te”peratUrﬁt@@&@orﬁ@ﬁﬁﬂ@n@ﬂxﬁ&ﬁb@ﬁ@dp{@ﬂgss at a second aver age terrperature
that is higher than the first average .t enperatuyr.e. claim

T, th
7, further conpdiseaniguingtes sunglnHesa Bﬂ%P“ﬁ?é’tmaqlmP%%Srto ‘{gg‘é‘%nt;ssamf Sta al
nitrogen c%@&té&gnit@étgélcé&ég&nda% non-reacted netal of the first netal

| ayer (221) prior cond anneal i ng process.
heat treating the substrate to form the metal silicide portion, wherein the metal
silicide is formed substantially from the metal located between the silicon-containing

conductive region and the metal nitrogen compound.

16.  The method of claim 15, wherein the heat treating comprises a first heat
treatment for initiating a chemical reaction between the silicon and the metal, whereby
the metal deposited after depositing the metal nitrogen compound reacts with reactive

components existing in an ambient during said first heat treatment.

17.  The method of claim 16, further comprising selectively removing the metal

nitrogen compound and metal having not reacted with the silicon.
18.  The method of claim 17, further comprising a second heat treatment to convert

the silicon metal compound created in the first heat treatment into a low ohmic metal

silicide.

10



9. The nethod of claim1l1l, wherein the first nmetal |ayer (221) conprises at
| east one of cobalt, titanium zirconium tantalum nickel and_ tu t en.
10. The method of claim1l, wherein the second netal |ayer (22@0 oﬁlgq?i ses
at |east one of cobalt, titanium zirconium tantalum nickel and
tungsten. 11. The nethod of claim1, wherein the netal nitrogen conpound
| ayer (222)9. cofsretbed of clhisnd?, wheseindepasiting ametal eihgaid siHFon, FAEBHNE m

tungsten and  nickel .. 12. . 1Th t hod, of i i 'gm{lge,é}- i trogen
conpound | cé))l}g?cu(vﬁ f%lo%gltelsds a%rgglﬁ??rh%%tosﬁgg 3%11.1 %&t%%@? d 7 g@g _19%1%2 met hod
of cl ai m Igecofibpirnchgis 4rf iait 14ygr aaldPositig saie hakal ob thdwegbnitrogémg | ayer
to react with reactive conpounds_existing, in an anbient during said heat

t r eat ment . compeundiieldsey thisd layer astiiems £ geli@drer¥ersai d si | i con- cont ai ni ng
conductive region is a portion of at |east one of a gate electrode, a
drain region, a source region and a polysilicon line. 15. A nethod of
form ng a H.|i cTleemehod bbHelainn 19, whdréiadine et e secogl adntbediidlayeregion

formed on substrate, . the t hod conprising: depositing a netal on said
sili con-co‘%f@?%b%@hﬁ&%ﬁ%ﬁqr EPesH%on in a plasma anbient; supplying a

ni trogen-containing gas to said plasma anbient to deposit a netal nitrogen
conpound on sai d deposited netal; discontinuing the sugply of said

ni t r ogen- cZint ai Fiengethad of clathe pOswhersiaitle fist, she ssaondsariddherdrin laydrs fi6gen
corrpound;v\ﬁnd $ﬁ>§t trFerati ng. t he substrate to formthe netal silicide
portion, WOEPES B EHECHERROS™O% i cide is formed substantially fromthe netal
| ocat ed between the silicon-containing conductive region and the netal

ni trogen conpound. 16. The nethod of claim 15, wherein the heat treating
conpri ses 22-fi r’Ehe methpd of glakm Adniwharein spidimetal qomprigecatdenstone ofdiaiivgn
between the silicon an h . wWhereby the netal deposited after
deposi ti ngta{n%@%rg?rﬁﬁg)t ?“6%%%3%@%1813%&1 reacts with reactive conponents
existing in an anbient during said first heat treatnment. 17. The net hod of

claim16, further conprising selectively renoving {the netal . nitrogen
conpound afd netkg methed of clar 1P cwherein ’tcﬁn?sﬁc?fg}elf{rébﬁcoﬁ‘g?n‘ﬁﬁli‘gdﬂ@%ﬁ%d of
claim17, f{ LS : o0 convert the
silicon neltS;AP}u I(%%%g&rqgﬁ%@elgg te aﬁ?%ﬁ?ﬁﬂt@ﬁ?@ﬁtﬁ&ﬁﬂ?ﬁéﬁ%mm into a | ow ohmc
metal silicide.

24. The method of claim 15, wherein a ratio of the concentration of metal and
nitrogen is controlled by controlling at least one of controlling the process of
discontinuing the supply of said nitrogen-containing gas and parameters of the plasma

ambient.
25.  The method of claim 15, wherein said silicon-containing conductive region is a
portion of at least one of a gate electrode, a drain region, a source region and a

polysilicon line.

26.  The method of claim 19, wherein a thickness of the second layer is

approximately in the range of 10-100 nanometers.

27.  The method of claim 19, wherein a thickness of the third layer is at least 10

nanometers.

11



10 1g OCT 2005 19. The nethod of claim 15, wherein depositing a netal on
said silicon-containing conductive region yields a first |ayer, depositing
said netal nitrogen conpound yields a second |ayer acting asléﬂrﬂﬁﬂﬂgﬂﬁt

| ayer and depositing said netal on the netal nitrogen conpound yields a
third layer acting as a gettering layer. 20. The nethod of c|aim 19,

wherei n t 8. fi rBie methed Qg@@iﬁdl% er¢id atpgess fugtiansatier discomdingeyg the physi cal

and e ¢ P b - BRpifk B € p0h fup i OB Gt Kblvs 17 G707

clai m 15, pibeiLimbisaite apeéRiineddgureses at | east one of titanium tantalum
zirconium tungsten and nickel. 23. The nethod of claim 19, wherein a
t hi ckness of the first, second and third layers is adjusted by controlling

at least op Of LN iEAG8IhhO N DALATPIALSed reftstarddAn TRINGH.Bhtafhi) M 15,

wherein a ratio 0O e conce on o n nitrogen is controlled
by cont r ol dondgcthic régas tthomethotl comptisiakl i ng t he process of discontinuing
the supply of said nitrogen-containing gas and, paraneters .of th | asrma
anbi ent. 25. THEOWEHRASUGIate ﬁa\ﬁvaﬁqmmglaeé?w seid Wlicyronining ﬁ?'&f“ﬁﬁﬁeg
conductivgegﬁgion is a portion of at |east one of a gate electrode, a
drain regiof, a source region and a polysilicon line. 26. The nethod of

cl ai m 19, wher edapositihg b tdyeestsclodn thesilzeoeadtalndygeondsctiveppgion thalawey in t he

range of 10-100 nanponeters. 27 . The nethod qf claim 19, whetei t hi;ckness
of " he "t hi ReF CORSRe s Bl Toygr & sSmoiate doves Sy e O TuEA T de

met hod of ghaimhiQeeNBGhfbuRdAaRy P6ESn AR A Rl i andi ss€cHat thewdl lagers,ne
supply of said nitrogen-contai'ning gas is controlled to decontam nate said

reactive aldashaeciambleasttdepeositinge seaenl megh bzer aud of spidmdtdditsegenor mi ng a

region of reduced.resistance in a silkcon-contalni -oggH ' region
t he net hodcoéwa"}yﬁ&s Cf)nfrb iodlit HbSlgu’ %‘%&%F %??net%%g%}ﬁ%\g}%%%?sne § %%dr’agngna sai d
si | i con- cogpthaiditragsiGOndUEinatebetwedi QI sedefnbdaiktal gertandayrmahhticogen t he
silicon-containing conductive region, the |ayer
compound layer;
heat treating the substrate to form a metal silicide portion in said silicon-
containing conductive region; and

entirely removing the sacrificial layer.

30.  The method of claim 29, wherein the first and the second metal layer and the

metal nitrogen compound layer comprise the same metal.
31.  The method of claim 29, wherein depositing said layer stack is carried out in situ.

32.  The method of claim 29, wherein depositing said layer stack includes:

sputter depositing the first metal layer in a plasma ambient;

supplying a nitrogen-containing gas to the plasma ambient to deposit said metal
nitrogen compound layer; and

discontinuing the supply of the nitrogen-containing gas to deposit the second

metal layer.

33.  The method of claim 29, wherein depositing said layer stack includes:
exposing the substrate to a first plasma ambient to deposit the first metal layer;
12



stack conprising a first netal layer, a second netal |ayer acting as a
sacrificial layer, and a netal nitrogen conmpound |ayer positiqReiTogipmeen
said first and second netal |ayers, and wherein at |east depositing of
said second netal |ayer and of said netal nitrogen conpound |ayer is
carried out in-situ, and wherein the sanme netal is _enpl o¥e,d and a gradual
transition i s fopesds e snberntsty aiseserdplasmeembicnkydile syrplYag aitipgeR

ni t rogen : i h r 3 r al
T o0sn SATBHREs! BIRL AR TR KSR S Lo,
entirely rlapayamp the sacrificial |ayer. 30. The nethod of claim 29,
wherein the first and the second netal |ayer and the tal ni

rogen
conpound | ayer @Wﬁlpg@gﬁhféugawfﬁlﬁ@ﬁpgg&pg%gﬂg@@ﬁ@dﬂgﬁe%p P 128, wher ei n
deposi ti ”%ﬁéﬁtb%ﬁ%&sﬁh@?&oh@m‘éﬁiF gd out in situ. 32. The method of

cl aim 29, erein positing sal yer stack includes: sputter depositing
the first nmetal layer in a plasma anbient; supplying a nitrogen-containing

to th | i { it. id t al it | ;
and d scontd ni T BRBS abpegn & T TR GEERE i POt HBfos ¢ ¢ he
second nefRkallifYfibees3dt a fille a&”@ﬁé}ﬁgmﬁéraﬁﬂr@ﬁﬁﬂ £ZcodEiRhngisBask hi 19 sai d

| ayer stack includes: exposing e Substrate to a first plasma anbient to
deposit t hescénd averapettempératpes that is highgr ar tir0dEt avexgged¢mpprathes. substrate to a
second pl asma anbi ent, while supplying nitrogen containing gas to the
second plasma anbient to deposit the netal nitrogen conpound |ayer; and

di sconti nuing thige sEdol bf elairh B8, fithéQ@aiprizHpirambling tgascdal hbal heeote
pl asma anbient to deposit the second netal |ayer. 34. The nmethod of claim
29, wher ei Retabnitrogereampryndayes and nonreacied mntal 96 thedfirsy pefel layermaior ihige

process at i tenperature and a second anneal i ng process at a
second ave?egaléd%@%%@?ﬁ%rggsst hat is higher than the first average

tenperature. 35. The nethod of claim 34, further conprising renoving the
second nmetal] layer, th tal. _nifroge onpound | ayer and non-reacted
met al of t%\’e fﬁ%&mﬁ%\pgpf@y@?%\p’hﬁiﬂnﬁg‘? ﬁﬁéme?égaé’ﬁﬂ URPIESP ?ﬂﬁasbf’%"c%és. 36.
The et hod g hihiTh ircdtiShChaftah B ddkkPindhlied ayer comprises at | east
one of cobalt, titanium zirconium tantalu ni ckel and tungsten.

37.  The method of claim 29, wherein the second metal layer comprises at least one of

cobalt, titanium, zirconium, tantalum, nickel and tungsten.

38. The method of claim 29, wherein said silicon containing conductive region is a
portion of at least one of a gate electrode, a drain region, a source region, and a

polysilicon line.

39, The method of at least one of claims 29 to 31, wherein the first and the second
metal layer and the metal nitrogen compound layer are formed by physical vapour

deposition.

40.  The method of claim 32, wherein the gradual transition from the metal nitrogen
compound layer to the second metal layer is controlled by controlling at least one of
controlling the process of discontinuing the supply of said nitrogen-containing gas and

parameters of the plasma ambient.
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37. The nethod of claim?29, wherein the second netal |ayer conprises at

| east one of <cobalt, titanium zirconium tantalum nickel anpg fgingssen.
38. The nethod of claim 29, wherein said silicon containing conductive
region is a portion of at |east one of a gate electrode, a drain region, a

source region, and a_ polysilicon line. 39. The nethaod of at | east. one of
claims 29 4lo 31Thamethed Af ¢lain 29.rwherein @ thigkness ebikg metalmifroges GemPAH ¢ he
metal nitr j.cal vapour deposition.
40. The msl?%%gs Eoéi cl g{la%lgg?ﬁ\%\ﬁ%{rggioﬁq?ﬁg%@%a Ea ﬁD'Itrgansi tion fromthe netal
nitrogen conpound |ayer to the second netal layer is controlled by
controlling at |east one_of. ntrolling the process qf di.scontinuing the
supply of %aid ?hetmefﬁeﬂp‘éﬁlﬁ%ﬁ i W rgas tg‘ﬁiﬁ““b&% g‘ﬁé‘f’ ‘%eﬁalﬁwgrbslaéi‘??ﬁtg

anbi ent. 13 180006 41. The nethod of claim29, wherein a thickness of
the netal nitrogen conpound |ayer is approximately in the range of 10 to
100 nanoneters. 42. The nethod of claim 29, wherein a thickness of the

second net | ayer i t least 10.nanongters. 43. The nethqd of at | east
one of cla g'izlhealﬂat?‘ﬂgf’f ﬁﬁ@?séf’ﬂe ﬁf‘g?lgl?@sa“&tfPaWﬁgﬁma% RIRFCSS g]l@ﬁ%?iltterlrui ng
the suppl ygi®dontiphidg thd J@g@fbf%ﬁi@trﬁ%geﬂgzogﬁﬁlﬂég%gsqglbdslﬁfdu@d té QecdpRAMtAdT nat e

said reactive plasma anbi ént to a predefine egree. 14
said reactive plasma ambient to a predefined degree.
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