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metalpifipidetegions\ 4 v e akebveseli 4 higlhmay aﬂsa fiasy Betwen diffpren trpngistor types in the
same%th@m&a&@gﬁ@aﬁlbip(tf @fe&mcaﬁ)aﬁﬁﬁt@@dﬁhé ﬁﬁlc&fdu@&r@t@\kﬁlkeqﬁd) may be observed due to
pronciince g%an%{egﬁaglatfogtgety%eﬁ S %Pcﬂtd e\%eg gmds uee trocftc/)rg_ 1?15 aa {;e mcrezggdt lea%a&]ﬁ currents at
the ddinfafibgopq¢ regiensildde sMermYeldw@h ttic)conﬁ@puﬂdnset fansedling perdgopdugteridevices, non-
unifolrGiads 3EHBe Mt rsiﬁatiesreg%ns [ hﬁné;rn@glaﬁv ect e E)&'ﬁmﬁa%&' R Bsurddedice generations

Mor eover, th t continuous drive for scaling
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silicide region to be forﬁg F,ﬁ si | i con-cont ai ni ng

sem conduct or regi on whic ormed above the

substrate. The nethod further conprises formng a

dopant profile in the silicon-containing sem conductor

region along a depth direction of the

silicon- contalnlng sen1conductor reglon on the basi s
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According to another illustrative enbodi nent of the
present invention, a nethod conprises identifying a
w0 oost13432F get depth for a netal suicide regi onP€¢DUSHE06/019722
drain and source region of a first specified
target tepthSth Sbi@ih at l%(_dﬁﬁmﬁﬂﬁﬁm bSa H@aﬁ&:oﬁo@xﬁm iQ ﬁheQ?%thEhoB@ Bﬁthe target depth.
e urthe es formng the
Fmﬂg?ggn&gndm¢“31%gsfgﬁlon%‘E?wfﬁhe??rgf%%peC|fled

transi stor type on one or nore substrates with a

do ﬂﬁd&du@rt@ﬁdohl& 1mﬁtrzttn@eﬂfﬂﬁl&hﬁnt Qf mt ﬁ@seﬁt' nliv%x‘itloﬁ algelod g&rﬁvtngbs identifying
r.o e 1S ste

dju
ot DL b TR R e S bRt P BEBE Lo ome v
is to btbfomﬁfﬂ ai pne of wpre isypstrateas Thregnettep fitther gpmpriss farmgi iy dddpeat source regions

of th&RELGE rtﬁécﬁ&ahgﬂor%@[i‘n SR Bf H&E mbﬂxgteg hen f doFa%E pr&iﬂé Qlecfae ﬂﬁp&nhe first target
tal suicide region is aormed

dept ol LS C A RAD G P eGPt mor sbstrts, o as
to olttaira (g | i tepyingt deplh, wnintréveinhdepag coficerttagonf wWires tapfrauciged the first target depth.
F malg{e@é 1chtal Bl ik e d&!ﬁ -gln‘g& égm QB’%W 10-59&' tlller}‘\fs@ E’Heblﬁéh R Ystor type on
gn der st oo reference to the follow ng
ﬂwbﬁ€§ *??ﬁ“%ﬁ”?ﬁﬁen in conjunction with the acconpanying
drawi ngs, in which like reference nunerals identify

i ke el ements, a%ﬁﬁn&x&'ﬂ‘n&# fell ﬁﬁAlvﬁg%?herrat ically

shows a cross-se ona

transistor prior to the formation of a netal silicide

r e"gr{ledﬁventp}nwy &e pxslexist@?ﬂ, bygelrerce fo @? gﬂﬁw%ﬂ%(ﬁlptlon taken in conjunction with
the agaty@ngdg dealidgy, in Withaike Rfetficedutl@plaidtntipl ikt blb@entsunl Mevhich:

depth direction of the conventional transistor shown

in_Figure la;, Figure Ic schematically shows a

cr Bigwe Suchematially hpwsyi coFss-topiiont] vigr<f &eagyentimalpiaggisfog prior to the formation
of a vidkall @NcidelRgiohor mati on of metal silicide regions

according to a conventional technique; Figures 2a-2b

represent graphs for illustrating an exenplary

egiélﬁel ehiepresshts ¢ preptdiviii¢h sshopiatioplhoiflustratesef dopant preffle rethafiepth direction of

the cdm&honﬁleﬁm slfo@ntnh@guﬂﬂﬁ,‘:-\t ration dept hin the presence

of an exenpl ary conventional dopant concentration

(Figure 2a) and an illustrative exanple of a dopant

c ofigant o salicmatiraliycbowsdi amgs-tedtiond! vigw of e irangistarvb Bigirere aftes the formation of
metallsiiGidPEESE MeordRY BMchiRBntiokd @bnfe; 2¢- 2f schematical |y

illustrate cross-sectional views of a transistor

el enent during various manufacturing stages in

acEBigurghalecdd mapredanti griphis ffar dthisv@ing nrb Gglénipbint Sepeddedchef the diffusivity of a
refracﬂﬁ'}e &@tﬂt Wl‘ihnr\és%&,tt Itcp {i]le pgdeg%%r? dgjﬂiS Lgel?cglok éﬂ g’zggéﬁry 2%onven’uonal dopant

em con evi

cross-sectional view o uctor
concepERint (KU 29 vigd 2R distaive exaaple i dopgptt negitfafigy esperding to illustrative
embotlidegeds td eRtdasinfemionf oOr M ng netal silicide regions in

accordance with illustrative enbodi nents of the

present invention, and Figure 4 schematically shows a

cr Bswessiscf ischempticgl]veifinsgnte Arops-saetional tvisws ef @ rfepsistod leimagy during various
manufadtiting G@fek AMccoiBRE SitRillasudPR 3RbodHRAE 6ithd sk RvdnSon;

nodi fied in accordance with illustrative embodi nents

of the present invention on the basis of epitaxial

si FipwoR depesially dwilai dres-sdonplnvienf e rremisongurse alpti¢ebbomprising two
transi§t€} MBtOWEh JHRGA] iafg@ttdeﬂﬁksf ﬁ%n%l rheii B%de%%Jann%ordance with illustrative
amm§§QCIfIC enbadi ment s thereof have been shown by way of

ST e PRSP H% i gs and are herein described in

detail. It should be understood, however, that the
d eﬁngé p&ch&’rﬁtl&ﬁ;; ﬁfo&s Q&os@@&ﬁénfal &e“ﬁm %‘gﬂsﬂﬁpélénelmsdu% fabrication, wherein
i nt ended he I nvention ticu

a dopgrgy Fmena?t@a rSd%OStﬁied BGPCOE?ﬁHCF yéh é&sﬁ{at*%?reyiboctnﬁ@tﬁ ofthe ﬁteﬁeewnYegtlon on the
basis dfepicenlailical depaaimai. f | cat i ons, equi val ents, and

alternatives falling wthpg.thgsspirit and scope of

the invention as defined by t he appended cl ai ns.

MODEf S) FOR CARRYI NG OUT THE | NVENTION Il lustrative

enbodi ments of the invention are described below. In

the interest of clarity, not all features



)- of an actual inplenmentation are described in this
specification. It will of course be appreciated that
WO oobhso3devel opnent of any such actual enbodi meet/US2006/019722
numer ous i npl enent ati on-specific decisions nust be
made to achieve the devel opers' specific goals, such
as liance with stemrel gt ed and u3|ne s-rel ate
e oM B P e i St RioE o frred e SR Rh oG Smbodiments
therepfchageitihsbpwn Wbwayonf @xampletin tige [dfawings &yd predeiemt degbribddat degailc Ht should be
undeﬁtogcﬁ}{(ﬁrbe%?r@dmhe @é‘sérﬁfugn HeQRE sp@ﬁﬁ&éﬁimélﬁé]tsqp&t intended to 11m1t the invention to

e ng??ons%n}‘% b woul d neverthel ess be a rout
pem‘al PG o %@8 cfray th FiePHoR §° 18 Revey al} ‘HOdtfﬁ%“"asr pquivalents, and
alterrfatives falling Withitoaefrit indeopt bfitie idesioh esidfi@d byl heappendgisitims.
invention will now be described with reference to the
attached flgures Vhrlous structures, s stenB and
devi ces are S¥8BEg GARRS ) 1 INVE TIO™Wi ngs for
puilpeses epboddxdalsanat in@ﬁtmﬂireydeaﬂdedﬁbeloﬁs Inf the ifkerkst 6OSEILL Mot all features
I I
of an AR REEEED b HE AL B M 4D SEUE, Y Ah oFEARAE or B it i e
develgpmeat pferily Gich PR $mbgdéndnh Sppiel ipRerprats iqnspesifig rigcivon [mpptrpe made to
achield dlm&efx/ﬂq{e}sv@ecﬁﬁ&gﬁﬂé exh af cotnbﬁan&r \ﬁiﬁﬁ&\&erﬂ fAMRN kidWasinedd1Elated constraints,

whlch W{ll v% eog img eﬁlent:ﬂlon 9) r%cgt%e? np[orié%\%}é I1t 11?& a%g\ﬁg%‘el{%g’di tﬁag QuCE‘Q gevelopment
efforfuwahtrbewlaﬂeﬁ g tigfe-cotywnios. \bur wellfhmerﬁlhlpsaéaeg rhyping hsisetaking for those of
ordingrg kitill Bhelall hivil@ tHe@LRHAhisRstlosudO speci al definition of

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

fromthe ordinary and customary neani ng as under st ood

by Theaesent @iéntidredll inpw bddescaibed, withgeferprice tedlerchtttabedofguiesrpVaried structures,
systeﬁy ard Q%essatr@@hen{dﬁ@@}edeﬁlfcte& iﬂ%etd%ngor PigRs 6f e!?cﬁlhrﬁthgh onl-gloand $0 as to not

extent that rase i s intended have

obsagengg ngfentrfé\éemlcﬁgmth de@ﬂs th%{ aFFE\ge]l]I lﬂlgw%f%@?se 1slﬂlée[c} i} H)gtart Nevertheless the
attacheth dewsgsaodndhyledstk idéstribe amkrskplsia ﬂhstraw(ekunales pfaied padsent invention. The words
and ﬂhﬁgés rﬂlhetdlhgfgm%éulld l;%eunggf&;ogsdﬁc!l &teﬁﬁétedf 8 rhh\l% xﬁeahlng con51ster1t with the under-

Sp ecification in a finitional manner di rect
standigi gt s durd ae%PﬁfVeSptrYdmsa geliadrip the e@eﬁ%aﬂd OV i<t Gmfigy of @ erm or
phras, he, 4 @finti@rthaph dABEnt ey oadidayy; anl h@toﬁhﬁr@&ﬁﬂﬁnglaﬂt‘ﬁﬁ&ﬁthdﬂ%y those skilled
in the 19 %%‘eﬁ&d Qor\)etuh& & %ﬁc%ﬁs%gen{ lﬂ%té 0% tge tegn (];rf Hr%s \hergl}{ ?o the extent that a term or
efractor al m conduct or regron
PhraSﬁﬁynt@éeq i zqva & FRediel DisgRinghies., @@ﬁarmg qﬂ}eetﬁlm tbat Wldleﬁio?fi Wytpkilled artisans, such

a speSi@iNdeSAMAUGL OF cfpR@ilPKe: foHAUS the Rec PO BY d @Jﬁﬁﬂtl&n&ﬁﬂl&ﬁhﬂ th4J directly and
and .sour ce regi ons of

uneqt{lvocallg Ipl%wjaes tl%fs%ema} %ﬁmtlonq%rqhe%nn or phrase

t or basi s or>silicon, the
ki nemati c behavior during a chem cal reaction for

f OGEHeﬁgy "t{ﬁtp@henﬁlﬁ\l'eﬁﬂlcﬂ@s Y28l loR B8 cén@ept s ﬂ@rdﬁfu@lvw re?xQM&r? fhetal within a

S nm en 0.0 tal nor.e_prec
dope R e i B BT B B i VBRI U Ry pesion. Thus, by
approgriadelyt ddeptiseti dapand profile pf dragiging mqurck Inegioedyf trameEitas ifgedxmyhe basis of silicon,
the kﬁl@[l’lﬁt: %EHaQHSduﬁlflg £ %ﬁwhh@&hdﬁr @ﬁmﬁgaMéﬁq)ﬂfQMe Feg{m?sl in the drain and source

sui ci de |nterface roughness, as i s describ
regiopscfax Pg fgleeneed t-pbiy mory ereCthdﬁ%mi inferfposhBRIYRG™ 16 mF‘é]ﬂlHdE fegion and the
sennc.bhlﬁctplnle@ﬁn thedetvrediking Anyt deleteki@rs fefitctsalnit Bigy BX @ha@t &Y imel, silicide interface
roughlng‘ss,gﬁs ht%yrﬁgd &u'ih%fertext&@ tqul%ufel’ﬁl vi t y of refractor y net al

atoms W thin a substantially crystalline sem conductor

region is significantly affected by the presence of

dOW&tﬁduS intehdingXa FdsiriCiLthedfresedl @fvedtide tod@@ﬂm&vﬁngadiﬂlaﬂah&l it is believed that the
dlffusqv?t%/][o L \z}ct%/ry meEaflﬁtoms ?% a es%{ﬁstgr)ét ag{l Crlystzﬂ‘lme sechonductor rerglon is significantly
affectedpysthataesence efrdopanty, in prrticulapwhse e dongit #ﬂdshew&aytomtal atoms may exhibit a
simildd QIFREIGES § @R 0 ha Sendddn@NBF %@ﬁﬁj uhBP ARG ST, ABLBis Fpdt, AMusivity may be

may nove within the sem conductor crystal at a

speci fied tenperature, fop,.exghpl e during the

formation of a netal suicide in a crystalline silicon

regi on where reaction kinetics significantly depend on

the type of nmetal used and on the tenperature at which

the chemical reaction is initiated. In the presence of

additional dopants in the S|I|con reglon the reaction

.




crystal is depicted in a very qualitative and
sinplified manner so as to nore clearly illustrate the
wore®hasizzin t hat is believed to have a signifi cBEI/US2006/019722
effect on the process of formng netal silicide
uideiSi@dy B118 awraph miidam slistahoe @ €01 iy MoNGwisRANThE SatbdRdubtbr crystal at a specified
temp&gtyx%tfglj eXﬂIm%M‘&E thh If&rm§tn>9 ldl” gmptgl ﬂfggg ! Satc(r)y%glhfle sal Cfbn {eﬁlon where reaction

rres ectlve 0 preci se necnani sminvo
kmet}ﬁ% foently depenet il tyns oam?téclfeéanct o theatphnstagrars which the gHewigsl reaction is

initiad. IpMe @tecdntrChf addgioil deﬁhﬂsuﬁth@ 6ili€ha Ydg @8, thd rEth‘dngWe@foZﬁmmng metal silicide
may, ﬁWe\(/& B% s%ﬁﬁfagggﬁh t %:teclzl %yn Cée/ arcllih?gxialec% n¥s % ce Xlg di san o{ %1(3 gopants and of the

convenht resp
refraqirayy pipfalfioms sqay b‘h asqdypglisebatewiglhage sema qastpispacifie dxeetsnxmem particular when
the refi@dtdry Methiahd BXdoPant ﬂ&eriaﬁmﬁy\ﬂa%rﬂmﬁaf Ofslh géh’é\gor%@thmtsm&n

dopant concentration at a zero depth, i.e., the

surface of a drain or source region, is noderately

h|Qhﬁggﬁehﬂa§ﬁ%@Q9W@bpaﬁ@ta@dmemp@mmmwhmcmmemmﬂdé@eww1nasmmm

crystdl\ﬁldgﬂictemaf{ a HrPqhaihGo hrfd'sﬁ@ﬁf" da¥anhel & ds M&@&éaﬂ? i198RE e nRGhanism that

1sbJ£ qrcorre $ond§¥? @ant confgntratlon a
SPECIoF 1780 FEPTH"% A BaPRErsh§ Pimipe meal ﬁ’éf;}dekfégl% eithin a silicon-
contaiging eqmicopfucirngysiat. Udtevel e Stsshouidaire vadersiobd fhbt, ihegpbduivof tie. pepcise mechanism
mvol*JeQ the]ﬂ;)esent WH&(QMS dnteaﬁi tg ea‘?itogb ndvel H@tﬂod’s %r&%u?g ?TeJu% glﬁ:tor device.
depth for an interface between netal ['1cide an
silicon of the drain or source region. Curve B in

Fi uigu2a, nwye 4 udly iqhaitativedt yepre@ftr £&ai0d c@vé‘xﬂbxfaﬁ&@@rﬂdbﬁ&ﬂﬁmﬁon with
respeg 'tJ zI &é§ﬂ1\ﬁir$c}{ono rndi@atéd%g Rgﬁf;ﬂ&%d Be%on%ntahéxﬂ is is daa{aent fn"om Figure 2a, the

gl ven process con IOnS uring a Si I'11cCi
dOP% F%‘&eegem fifanzefe derihpt % the stifegeent B digipypr soeﬁef?aw dsapqdggately high, such as 10"
doparit etprﬁeﬁenﬂ)lctchmﬁﬂei whish Q& G@aeift Gefntliﬁ l«vﬁlkﬁl:red‘si(ﬁé d@th so that a correspondmg

d
dopar§ po%gén Aéflglg atE’ir ?e%x% gdsde tgm%&ga}eg E)e % r(% Imgy some orggﬁI ?tj dléaglzﬁpde less than at

egion ig
depth@reag nlOr eg‘u OIHlereb@uBe ctepth &mypmdaﬁe ra(feeoemﬂepﬁ fJS}I af InteR Wekveddfmetal silicide
dsiQRaPke 8L | surface, i.e., depth 0, the
ansllnltla d95§63%6%$§ of the netal atons may be
noderately |l ow, wherein it should be appreciated that
ceciral B if Figat Uafxﬂa@ Qﬁallﬁﬁvelyrh@prggeﬁtfa%h&ﬂorﬁﬁg @lffugﬁtyo(ff ol Bactory metal

w1thmn§flc%11 é’g}t a%}qglvgr?ﬁrocefss pong ﬁc?ngtdér?rg 2 51 clcﬂgon %‘rﬂca:st EFe re a[?g)?e curve B may

SCheaneHBt fepfﬁsﬁle th?@é@?len 9&??691 of wkelior smsnlf@ﬂl popeseidnpetaee during the formation of

a mck@lﬁ&ﬁ"d&@ﬁloﬂ ﬁ@ﬁighl? Hop\édl éobrc@&rﬁlﬁmﬁ%é?(g{ S2Stodle p?eséﬁpéj& b 8o amount of dopant
fluctuatlons of

ere initi resen
T E T e -
shouldybermpredified thl@p‘trhmcﬂucteatlbmscnﬁ the diffusibinbebenis tof tht inglal gtoriishmy be present at
depth ® aﬂﬁchr@a@%(: AhuSedv§ 3B ke %Eﬁg*xtleé_weelﬁm Whn% f3 tﬁe%d'dg'gt%lgr W diffusion

ep e con ntratl on ant s

speed tF gﬁ&nzqali:ag éeﬁ%tlloglw &B ProgIRss F’eadi}OdFré‘? lﬁlPeF(? HVQGI'FIH any lmtlally present fluctuations of
the regatipy &g erdiring isioghd hitaant.ci noizeBs éepaf difekien dj fvftwsibstanhadly the same
modelgtg ré:am%n %%t:@l Hmeggswxfh nérgll?irgo @errf% IhL W Eéﬂ@% tlof? IE»? th<L, Pé)p]t@ntsa ram}y significantly

resent In the reaction
drop, therebyigrultinging; Cﬁﬁ?sfqné% f1¥f§rﬁ"?fﬁ ceEass é’élthP é‘é‘éﬁtl“f%r?f $paetgl atoms so that any
fluctudBoinSigitjalBirdsyht indthe tda@ionl @it hna)ﬁsnow %e Shrﬂﬂ'ﬂﬁéd Gahto hOUMMRESS increased

reacti QlstelteH ec&g%{[lglﬁf %p@%&gthg(gtaasigm 1|can{ ou ess tqge orresgcglglg% Hletglyslhmde front

catl Frec
may hape bt algtqu%éﬂ fhis |anleh@a@edefﬁe@’éeaup@nbysﬁaeeieastlcﬂbcmprdaswgreacmon speed.

Accorlhh@to m&ﬁﬁ@ﬁﬁ invERMEH) b iR HifiePdofE bdnb Rt RAN. eﬁt%@lﬁ@ b AbalrOR increased
Crease

sornfllenBo oL ARG §0u00 B By B3P § b goncortion s
Showntlaﬁw stetpqrftbmeo eﬂeﬁfyangehi: regtiorhighayep dwring dlersdeidetioa prooss, which may
result A3 sBMAMR BiubddIsitheRRf tht RERIGRYiIISERP nodi fying the

reacti on behavior during the silicidation process,

which may result in a signifigant!ly reduced roughness

of the metal silicide front.Figure 2b schematically

shows a graph depicting a nodified dopant

concentration within a siliconcontaining sem conduct or

region with respect to the depth direction x and a

correspondlng dlfference |n dlfoSIVIty of a

I

e . 1. i



nei ghbor hood of xs, the dopant concentration increases
Wi th increasing depth. In other words, a | ocal maxinum
wW@Roobhao3ddpant concentration with respect to tPET/Us6019722

direction x is located at or in the vi cinity of the

tar get depth xs. Hereby, the notion "in the vicinity"

or Flg[l]x@ af, scﬂerﬁatfcﬁlygﬁ%\*fgnadggp%tcfgls)gmg I'Aatﬁod%ieg 5 al?tnogx?ce Ifaticgnhxgithin a silicon-

| ocal maxi mumto s e than a
contafjring; sepic@ndptort 1ggion U@HFCSH?&tX‘P rﬁ}ﬁ‘rﬁqpél #lf?étlmd‘c%ﬂdl ibnorrespondmg difference in
diffusigip s e fidckofgmétil ehatl@pt he abhievtd®E & Be ﬁ&ﬁﬂiemdﬁﬁaﬁi&g&@ﬁtratmn Here, curve D
repregegtg q}%%ré()iﬁ%h %Qpa&aé()m%ﬁtra\/lg‘r{ l%Vltflllrlp a%%?nvoerns%urgenr?'elglﬁn, t grem an 1rllcreased dopant

I ment near
conce\y}rqﬁoh }stcgpterquarqqgchtm taxgef deptly &y ftishoulyd h¢@prréviagsfl that the notion “increased” in this

respea:pq&b Oxhnderiteddythal Qe 13@&%11\9@@& ctebtﬁ x}; & 1%&&5&& e taopgﬁt' cOftentration is present,

t. 100% r. e act ual
ey R e PRy PR PRl M o e s i e Dy »censin
nelghbcyho&‘al Pigiay tlp:e domgqoeqemrapm igcré¢agps afith pmpkasivg depitls Th otb@twedis,iaocal maximum

of thetdaﬁhnb/doﬁdeﬁliratlb‘n ot r&sb&t fo @He Q@ﬂth (ﬂz%afoh] X l%slcaéﬂeaﬁ Gr it ﬁQ'vﬁRﬁ?Sf%e target depth

s iy 7o T P St 8 te g oot B e e st masimum o

targett dgptly ¢ is dhespthdm axdistdnpeoei thehlecab mufiraoe topias boéabion representing tHa@lepth 0, where a
maxuﬁkﬁ@&éibar@ con@ﬁ'frytfén Baaf GlGTRL éoﬁ@énlléﬁalrcﬁﬂgegsﬁﬁ%ﬁe Erﬁb%dlmgnt?j the notion “near”

w E reaction speed with respect to
or “indlgryic rlatnFaa © decribe g A Fiearovaten HovhtoEn By tasagt death Bemg located at
100%wiieregantpleqinFigutedb theaktyial docitnd @i @lay bd 1084tel @RCEHDR,, HRRAEH by arrow F,
where'mS thﬁclgda? Ml%gmurﬂmsl E)Ehte‘ﬁvlﬁ‘ %ed\[uglﬁ olf Ql%ntar:%gedgﬂtﬁs p se1g§e a glstanae of the local

i ncrease of dopant conce tratio
maxirgging fo, fag R‘?‘igft)ﬁeﬁlF x&t iR é‘g‘?‘%qailté’c‘?sé CYmRFEse 49 the digtgase Of the target depth x, from the
surfacBpms@qie iteldypth @ny i nitial fluctuations of t he net al

sui cide front may not be subst antially an‘pl i fied" and

ma ven be reduced due to a "snoothing" effect of the

%‘HYFe& fehametisady) reppee. thyhaggesperiding rreqctidn snepdc iwit rbspemtto a dopant
concei‘myoreéé héphﬁsénaea fc[r?x(itd?‘& dy Ezﬁ}b%gb %&mﬁﬂ%tﬁt@é@ a ShollMtdPy low reaction speed is
ed interface.

acme\y\l&a whhcg eyen 08% upga, f:ﬁespectlve rntcre%Sﬁ 8{}%6 Pt go%ﬁepgﬁlzo)gt%gﬁt%?%lg{ed diffusivity
of th@t IH%aC@cyplaml AOORC éhtlae%mtbnalandtuﬂ lﬂect@htlf)rfsmlthﬂl thefal Bilicife fi6n@ may not be
substa@fialtly F Anﬁ)ﬁﬁédaﬁﬁ&/ﬁaywwe@ecﬁwdlﬂu@t@q “%J&ﬁﬁngd OfRNdr tﬁ%rrgcfulzédqgf‘actlon speed.

cordance wi th the presen
Thus, %ﬁv 8 na? Slgﬂ‘%ai%félf m'f“h ﬁ @&eduged ropginess agdy H‘“?—F‘ %ﬁéVFHIdF%’ﬁ‘F [njerface to the
remaigpppilicororgiaspbadicaglegiopant profiles in the depth
direction that may al so be appropriate for formng a

ac, icide interface in a nore | ocalized manner. It
b B Prratascd e e s Lo GG Aty BnE AGieblipststive nature

only apdothdr depag pRifilesrayy eakaated hl&ccard‘émce gzlltE thel pR&Rt m\&ﬂtﬂﬁl €&r instance, curves G
and HQ@M}nﬁgal@ sﬁ&xe&)k‘rgglpgr%m% 9&%%& es %ny the (}ég ldlsl"eoct ct) t ma lao bbe fppropriate for

corresp ondi n e 1s su ant
forminga; metal ?lk*fgqe ént‘?i%ﬁfdﬁﬁ mgrsdecplized mmser. ftyhqu eotecamat Me@maanmncemraﬁons
shownt ih afigireS RO mayT@dfer ha\é&nlgﬁadbbiny spNcieO RS Ghg G @bcﬂﬁe@ rk@ncﬁ@c“zftﬁ ®pe so that a

comesy DR il Wt B T i G K g o0 Nechann
transisgof ﬂ’éiclta%lﬁea‘(mlhbwp@ﬁrﬁmnh@dd@mm«tglom with 4nbs nvBligitéd apoui ef counter dopants
in the ticigity FkHa |ta€get @bbth'x?&ﬁ%ffdc{bft\nlﬂﬁh ¥ @k Bdpha pfgﬁleg Bgy 48 ﬁ)gﬁetghm%e at least in

her ts, however, the curves D,
e vighiy S o B0, Rt RIpHR bt GG (G Gy reresem
“accurpptadd ﬁcmalapqmqgmttwg contempiyting tetd bf maredifferero onSipeies, @bich ki ke the same
or dlff&@df cm&'ﬁvﬁ}hﬁpé af@ ePAEnpg' t.jhi ﬁg]ﬁ&kceﬁ%glyﬁttﬁe tér%é( d%_pﬁ%? ‘T‘na?(I Eeo Ichleved by

5 ncentration at
prov1dﬁ1§§ n%ém gle?ﬁm‘eqf &plwn%?ycﬁwrmr ﬂg)mg thegpep g_qo?pdé}f?ézggﬁt de@?h X5 SO as to achieve a
modergdgp ilawgeffertibe Kigpagiotonteetratiod Pith gshiebieto atice@ecical ekhviol) Gvhile still having an
target depth xs so as to achieve a noderately | ow
ef fecti ve dopant concent rpatdspimi th respect to the
el ectrical behavior, while still having anincreasea
dopant concentration with respect to the actual nunber
of dopant atoms per volume unit and thus with respect
to the effect on the diffusivity of any netal used for
the fornatlon of a netal SUICIde reglon Thus, unl ess
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201, which may represent any appropriate substrate for
the formation of silicon-based sem conductor el enents.
wao-006i181878NCe, the substrate 201 may representPEr/Dstok6/019722
silicon substrate having formed on an upper portion
incregspiedopoik cancepttaist it :iespect sni thd ol nhialyee bf dopant DdnkbeEr vORSE Spit and thus with
respet:th@th@ eﬁ%&toﬁ e ﬁlﬁgg fl@»éﬁ&tt 0 : meg!n ogyﬁ)xgtal(sﬁlhlie r%éwn Thus, unless

on |nsu at or stra aV|ng
otherpvise, FRetied;i fu P“O(‘r?éi? ms*ﬁemyndsd &lpimp.thnctih {depast pRycentration” is to be
undesteod 6 da thttetn@anidgayer . The sem conduct or devi ce 200 may
further conprise a transistor elenent 210 including an
i solation structure 213 fornmed within the substrate
20YVithjrefgrence g Figyre, 2 fasthey dlpvratie embodiment of dliei Reesent dnvensien will now be
describad/ @rmors @etalS PﬁgﬂreCh‘afséH&ﬁat&EllyadﬁiSvbsvﬁseﬁlﬁglicﬂ&or?dlaee 100 rcﬂiﬁﬁxsmg a substrate

201, &ﬁ&vﬁay rggeséaan %r:y\;agpéréperg{e s&s%an:l' efora tzx %rnga%on of. skh%gr}zbrfog semlconductor elements.

Ive reg
For “ﬁﬁt"‘é’ tpq}%lbﬁugg Q@ﬂnqyagp@sengq_lgﬂk silicethsyhgtiate h;t\@@f@meqqp]_an |ugper portion thereof

a cryitﬂlirﬁ?&dw@ﬂhﬁw Ilhheg @, hd Sibliatei 200 nlaﬁYe%fesegtlﬁ @ﬂft‘ype (silicon on insulator)
substra? thavm(ﬁ, }ox‘neﬁ eg ag g‘%ﬁgu&azﬁ? é%e:r) ?ﬂ?g tgor at gg{?fg&fl%?l l’%.%\é\éj]mmogductor layer. The
semmmuetel\@rwe @J@tl@m@nr@w qoagise grafsistha clgment R U inddlingdin aokfidn structure 213
fomgd%lﬁllﬂehegs@l;s@at@ bactd Qgﬁln?a]sﬁlconmm%nm%?e\hléaﬂdﬁgtoxf 19§em§9 aSOLQ define an active

hgbg@ ghereof of f set__spacers

regmﬁl gfnée oV gﬁtaﬁtwa Iregé)at%l% K axgatevalf:étlrcgf: ﬁl%7 valcla éspsm?rated from the active
region? 2¢hy taigarm inguldtion By S1BNA blaheyregiort 110 gofoaled Wl the gap@ailation layer 218
and lgtg-alﬂn sebzﬂét&s' élnxc§ﬁ&5ét5}c1%gl&l‘s ih hﬁucﬁ L{Qé)t e ge‘mg Qc;ltrrceijgégns lafe to be formed.

ept direction x 1s wel fine even ny

M°fe%‘ﬁfv Fﬁeéw{* 58BPoYy? &F éogee’oad&%w %eteselm%qdﬁ &% vhigh may have formed on
sidewdlilsrthangf d¢fie spraesif 184 tThe hidgy )pimm & depkh dide@iofl E,Wh@r@m MIQeptid&irection x is
substefngz(llé/ opcﬁgggrﬂ%:\gltﬁ Q%ﬁg @0051 1zﬁi gurﬁ}e of Qh%oﬁbu ?%é 503 t %%nh is, thgrg thbtﬁrection X is

ort hogona

well dyfipedcerdfpr 2Ry Sw@ﬁoppleepféeted ekyve ﬁe subjtigiq 20% durm@th@j@maﬁcMmg process of
the deice @@t AsAY idstad& thavdikCsaie @Ethb¥ibihe 2ar ﬁl@_sW)e ukdd td &efi E@th@&thogonahty of the
depthuc{;rgc% o ‘;(O%Qltht rlg%tect 0 thIF QI%B %?‘glre?dlg%ﬂg %19 cp lon 3 gsci?l{ﬁ?]aléeq%g/ t?e AW, it is to be
undergsmikrhWIt incrgaging éep@h en@srdq%m%ts@dmg fmlo atSbﬁéaccspmmnr aipteas2Plportion 214b

with eRB 9 @ﬂikﬁ@(ttédymto the E@Et&%tzo d e@JnEEq%e%tlﬁﬁYaré@?degﬁf ' Iﬂﬁidae @&m@chz% the distance

e 1 ni
or o B 3PRR Ao il S ohveliofie i B5Fer 2l uf U P e adsen
to thekmtefedwméd 2dj Inghevitl bt eppreaigtedy alt:tethefoegm’r oftkbe @pth. dirbdtion x may be located
aboveSthOM} ke BEIL SRARK @&&@B&‘éto; &@itcestZB@ are chnklgércgl re@]K n{ghﬁ‘e tgﬁmicm of selectively

direction Xx be | ocated above the surface
et o8B B AL P2y ROBL oGO e Cursie il eent t Figure 4 o
on. requiring the formation of selectively epltaX|aIIy

grown source and drain regions, as wll be described

in nore detail with reference to Figure 4 later on. A )

t yHiRist! Preee B tor fogping B sepésopdupter deries 208 43 Loin Eigsie 2c may comprise
the fotl@wihg Bro@Rs. a$heSthﬁéM&>ri2mO ki gUo@ned Gn EIﬂYOnCtHdTMI{IeSﬁglblhﬁu may represent a
spemf{eg ltxjax%glop ﬁ/pcp rs@c%eag’ ?neﬁ charnne trtatlis?s%?_ Iﬁrs atl I;:ha‘?‘mée FaénSSlétﬁli ha]inng spegiﬁed transistor
dlmenéle@eﬁuﬁh e larwéh sgaéfrmﬂwépecé’e@ﬂvc&essaﬁ thNgWhmn layer 218 and the like.

Basedt dnaBS 851 Eeqﬁlfenﬂnt:?oﬁth@ lfir!ﬁﬁﬂstmt S1ANGE Skl déﬁﬂlV}l r@seﬁ&&ﬂofdbﬁﬁll the desired
i stor di nen n as.a

decrease g{ tﬁe overafl sheet r s1 natytoﬁ 'thg gage po&orltzﬂégat eg]F I!?egtr{gslﬁng{yl aaé1 also the overall

contaqt ae}wetpncg g;_gthgﬁfg[m pir;hsopqcek@glo@ag edformped tnh@e tlawistoreelement 210 may significantly

depenﬁ 6&1 e fyﬁ@r@fmiﬁct@lfy n{eh@usgd’ ﬁpﬁahﬁﬁé)ﬁle %&Q,ml&i’a@mgl@ﬁ quttheQ§'?ett Hepth X, Since
S.Se desired decrease of

the oG LPEPT LT GL 0 (S GT 11 PPy TG G FPREGn 6 B aterce of e
metal fiha@degtpimithat ie sibgttnitisilytfyrmadial thaltgget dehi xQ the madulfac@ oyt pA@tsses for the device
resi stance of the drain and source regions to be
formed in the transi stor ekeswmt 210 may significantly
depend on the type of refractory nmetal used for
formng the netal silicide region and the target depth
Xs. Since the overall performance of the transistor
210 may al so significantly depend on the quality of
the |nterface of the netal SI|ICIde reglon that |s
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216a in accordance with well-established process
techni ques, as are also described with reference to
wo-e@anao3ra. Thereafter, an ion inplantation prPCEES208Q019722
may be performed to create a dopant concentration
200, e o Grdo@k retip@ wivorEtih if@Ring the tthiér RX SRRS kepiong, ag ia&aﬁﬁd on the basis of

6&glih-rhs%ra§% o‘i)gun ‘a moglfs (9 Ero?)?n%groplg u{]&p éeg dlrecgloxfJ )% ﬁs is H)r 1nstarllce described

the tar%l?

with gpEpraeR tQ Fwnle Rb- nTlte H@mpt@g |06'ihe Jeyiee 20Qrveny Aius epmpeigerapy pragepspyfer forming the

isolatioARirgtRiked 13 QR 8 gaﬂ&a&tr&magﬁcludu& ﬁaé h&rm@mb&plaﬁpmts&nd B ffset spacer
annea O r med

216a 1 ccorcllatng ovyeﬁ,af%abgﬁmg%?mc&gs etec 1raclluaels ﬁis %lr% 8180 (S:lsjcrngeed vlzxé rI %rﬁrgze to Figure la.
Theréﬁﬁ@r agét implantatiop propass 220 enay pw;épmeﬁ toreesate 3 dopayt cb@eﬁt@hqve‘ehmred for the
form&¥n mhé ex%ﬁsﬁ(ﬁt}éémﬁb Qﬂa d’ﬁ{%{%%etf liPddm@ @ﬁb(ﬁﬁﬂeﬁt@ tarrﬁﬁi Ber@h1Ghheal process may

ues. cal
be Do Iy HEE S SR B0 0 Ert B EHEP B RHT IS A siaed damage.
In oflgh embwdingntf 116 annehlipodeedatmag be panfoinged ineet Interstagadies thel formatign of deep drain

and s@xﬂcé r@@oﬂs m?fle?egﬁé‘t ép&@prﬁfegﬁﬁé%leglgt&s &&f be ff&“fngﬁ lﬁgwe‘i’igegpohg{e@ Hé}osmon and
source regions 214. In one enbodi ment, the ion

m”“FﬂﬁFﬁﬁWﬁFP%ﬁ3221 may be perforned as a singl e
i npl antation step, in which inplantation parameters,

S t [
U%ggaéd S ol%ﬁi@%]g sh% tﬁens% ggndﬁc@cq dg@useem@ aﬁ:‘er Ql%%&rgllclneoq s;g’a@er elements

SIS tar e he aver age
218, W%‘FFE%“F %ft"i“leiﬂm&etpwk%@ﬂfm “i’ndﬁplF“ﬁ?ﬁ‘IO’éh‘P%Ffﬁ 28 (o Sopigg 4o dran and souree
regiofi€HPL G onk embdatnedDpanh iGfeekias220 98¢ bé Perfofiied as a single implantation step, in

whlcfl r}%lla%p E a‘a:!ap IgletQ s%c% a§ 1r{1Tq tap ecrilg f anrgI %dares é’é)gtrolleci1 ?Ihthé Basis of the target

rease ant conc I on
depthviqs cThys, lﬂV aysfage p@ettagcpng@ﬁh d@}(}ﬁlpp 1;@@1antg!;10@ é}lr\ggxp@mﬂ tq ghe dopant species used
in thi8 mﬂn@faﬁb@r&egsmb a8 H@éﬂnﬁh@d @laemgxan fiRfeased Cbpﬁlxﬁ raaia&ntrsm Qd &uined in the

viciml[fl,,yggfﬁée t qﬁ?}r(sztg{ (gogrﬁpg agl:l;r?ﬁf te fmpézﬁ?% q eé’l rlg% or g1re] Sdopapt species under
consiggriiion napivadiyntendetrminddeon thpbeantOéWbpstthSdm@ssulﬂt@& cafgwyjations. In other
embddHERE 'tﬁeQmEMBatQﬁ prQJs@ZZl'H&Bl ARt Rkd AR 0P fBRSmSIthtaA8n §i&hs so as to modify the

i f rtical nt profjile in the man
vertoppY Bl 25 50 Bapr G TSN et R PG mplnaton s
may bapetfamtavhidris &tigpd weyodifethpsededingre dubstynahinpintet@s ifg e dormation of the

deep tdféup&q ' sfn)fc 1@&0119 VQ@P Qﬁ&éﬂg m@e(tmé ‘fm%ﬁ&lé&f [ﬂltcrehsgép li@:gﬁt Qtaﬁc%atﬁdﬂrat or in the

formation of drai n _and_source regions
V“’m@i?f they tpragt é?ﬂ%h er B’a{’(‘l}ehij“bt’ﬁ@e‘tﬁseélf gddigonahimplantatiog Sﬁ’b B‘é’h‘fe performed on the
basis®0 i difitesit Abpadispéchies,0Fhich Mnaly h’lﬁ/e WieGhitid drya differdnh@ndv@tivie type compared to the

dopalq gs &g§d foxl He rEJE%B%mQP% g ﬂ#ﬁnta@oﬁ sf’ag g)lr %{!ﬂgg}a&efmm%%he drain and source

I antati on or ne asl s
reglO&ﬁ 1f-eFca ﬁ%amahpaaéwavémw@@y Ewr«cbhr %ﬁ?ﬂ?ﬁ&%oftﬂﬁéie@m @F seyree regions
214 @i Ka@piend s@ﬁmdnﬂs)tdlw&lydltmsmy conpaxad ﬂtecreﬁdaﬁrydﬁ@aa,n&hich may be used
subscqi? ﬁ}é %fﬂéeﬁsrénﬁtlontof III:CPFSIIPCEde %ﬁ%d n tho ;dfalslrﬁ ?nﬁeq#ﬁ re%ons 214. Thas this dopant
spemssew@@feraeqju@ﬁ sffezmn theﬂtfﬁlSl@W@th @,ﬁa@rﬁ@ﬁdm thafthec Pre@ﬁm&yn effect may

be soRBwhbS RE pfrdasuntsdaenh%@ﬁl NRYdr@8les fineliiR @& Pord kbl B Jpe@lt @@aﬂs GSving a more

t bltsa5| |f|cantl
prondyics SRR e SRS S e 5o PR 4t BEDE sl iy the refractory
metalyayy dyen fusied erdierivs e sravthiing effert vfitles ifayraprdtdprant cofcermtial at or in the vicinity

of métuagald% £ C£H RRSenktBdilbRs, qle @écShd%G&nt%BééfeEﬁl Jr &ﬁér%% C&Jd&cmy type so as
i's dopant species may have a reduced

S
o aCE 6 SPpPir SRBpit §PoY fedleprg ﬂ}eeflfomlmfe%% é‘lop*’é‘b“’f“l‘?ﬁtfat‘?‘h 811116 on the other
hand ‘frerepsling ftie@éttiadl dapint ednfenabtionpshich ectse Aesattat ddceesting ranagdinced
mherein neverthel ess, the introduction of a second
ant species having a nore pronounced effect on the
Et houjd pe [agprqgfatefi fhat ip Wﬁ’@?@l’“}?nﬁ%&e #m 1mp1aréat10n %weﬁ@mgd as a single step
impleﬁataﬁdd a lcorfiiirkihgl Sto\dr npredadiidugl ifplhritaich Q6ps o e dhsis dTE¢ s@veEd? different ion
further enhance the snoothing effect of the increased
dopant concentration at Opagkipdeie vicinity of the
target depth xs. In other enbodlnents t he second
dopant species may differ inits conduct|V|ty type so
as to act as a counter dopant, thereby reducing the
"electrically effective" dopant concentration, while
on t he other hand |ncrea3|ng the actual dopant
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i npl antation 221 may be considered as a "barrier”

inplantation with respect to the subsequent suicide
\Nmmmmﬂmbmm, since the reaction front is signifPCHOB1096/019722

"slowed down." After the ion inplantation process 221,

spectel, rﬁﬁy de¥ekiERa MIam\ﬁnéﬂ%oéhﬂf@&Jeﬂﬂtl&ﬁt Sm&ttﬁﬁﬁrg@ lidpyh x, so that, for a given

refrac (a)'%%‘llev %)rgflettag%o gggﬁgt > o gsgqioé %Oléagxgns PrB(fessnagd glveﬁl é)rocess conditions, the ion
implantatioh 221 tnay boeondee:d (] @@mg” Q@}antaquvxta regmycqt@thg spbgequent silicide formation,

since (1:15 )é%tl@tll L) s%gi'ﬁ?agﬁy %ﬁ%@@&“}ﬂy K408 tHe gl 1ﬁﬂ§rﬁ4t1b@ﬁoc?ezs]22ﬁnﬁj: device 200
ure Z2e._sch all% shows

may U Qe AU FIFER G SR REE TR L PG L agenee 221 nd
possiblyetyehe implhrgayion 220 (Figued 2cp otdolsy tnmtegtysRRR damagy @M@rbmwe Iirgmlantation 221
and 27007 med on the device 200. The |ayer 222 of refractory

netal nmay be conprised of one or nore netals, such as

ni ckel, cobalt, titanium platinum tungsten and the

| i Kgre Jhehediaticatlin alotnaytersexﬁﬁ&dumy dedcec2dip b Setheroddvanggd raanufacturing

stage. wggrg as per oF¥hdo fmegd 55 %Eﬁforfn tyr ﬂﬁﬁe@ ro}{ tﬂeﬁe%lc§ Z@r el‘he layer 222 of
T 75 i

or t éo é pr ovid as a.sin
refracwaymtal F8Y PetmpHssHPEnS ongPre meller A rngfk%ect"aﬁ“ Groiy Pl%%ﬁ’m’ fungsten
and th® flkeawﬁ‘dﬁdmtﬁéllﬁﬁr o2 nia%e @inpfiRad 6f tab bif iedredub-laya$ if differeiit yefractory metals are

applie o[r ?xe za?' g?f“ mﬁ/qyé pr v1%1e2d2 as ?E‘X%ep ?jyer %%rogﬂl sgngg r&%&b m%fal or formed ofa

eposli ques,
compapep o o] op morecdifaing mfracxmp metakaeffée iw&ﬁZ pevby fO&FFd qﬂﬁ%@ basis of well-

establshed Riepodi& ©dhRiqees,t sHéHC RASIST &f)osttiaﬁ? chayer ve%grzdebé?smon (CVD) and the like,

rolle X
WNW?H%L?H?%Q %%@W%EE?E%szbgr %ingg su%$|0| ﬁgwa %aRMESOfme
layer Hads fufficivattts dlowohe fumtation o§ wiciel dlisidd down to @lettah@t ﬂ@ﬁ’g‘@t Corresponding data

with 1@@9& b %8 5111099 F‘éo‘ﬁ&%ﬁlﬂ" ﬁﬁmg atsicihtioh fo@e%sp@ﬁﬁ orle@r kR refractory metals of

i'licon "consu I on" during a_si a
imere 3 AR Sl PP 454 BPY CHEPSIr “BF OF HEer TR oy e 200 s
subjectddtt@h head tr@mehthadd asiSedodonditat, thatifssa speoiiipd rtdn@rm@re aggh duration, so as to
1n1t1at%I he dllfﬂléfcﬁl and (A& tﬁeart:zl:c&;n’ of frB ?efrg&éﬂ/ ﬁl@téﬂ%@ Bhe ﬂa%er@b@ivﬁ{:stﬂﬁgn #h GheRegions 214

treat nent_under specif| cond |t|?
and mst’fsfe%ﬂeﬂe@@d@t @ﬁp’éﬂglfwe@éﬁﬁdhﬁfaﬁ“ﬁt‘?“d’ﬁ metgsiligide %‘8“" |g?fF ?‘f’c&f’% 215 may be
decouplb fréth fafcbiﬁds@ﬁd@]ﬁodehdﬁr foheing @adl tsilicife fthd dr@n pef soared wgiyns 214. For
mstance g @a 1:81 T (B Sho v1 dt to Iol” tlhg e@trJdQ 8156 gfa a%:l:ﬁctrode 215
£n°the PeEs The

gat € e e r_exanp
is profeetpwlpgm supfeayret s&rcldg%ﬂ‘naﬂrqses i ﬁhefq%%ﬁr g%@t @b EE Y <.‘5’8 éenmfsl and a frter

layer %ﬁy&ﬁ@a&@ﬁﬁﬁtﬂlﬂnﬁg tfer&msﬂedCﬁ)ﬂ I £ 5ipedd (bhéiicad r@EeA SmdyObe initiated, in which
substafti%ly t%g%ageaectmd% Lglg 1s %felctgd twqu e grractlotne}rrp %es&%ﬂ{ &S Joglge Pegi%ns 214 may

diice ayer

substaptiadly jbel eeducechdue @cpprg\ﬁouﬁlh éongqt rpetad [sifieidy a9d duexq Blesmdf prhdopgr goncentration,

whlclﬂﬂéyeslgﬁjﬁ%ﬂf QER dehD fuSheP e@&tﬁﬁ&rﬁﬂl tl@Uﬁel‘aﬂ gh(ﬂde%bﬁﬁ%&ﬂfe target depth x,.
| ClI atl%ﬂa I0OCessS..

Thus,rtg '\1}% 8 eﬁrﬁ £ P 158 jive aagléf?relg mertdé f ﬁl(}lg ov?{%rem 1S forrqlg{?n afd thus the

dimerdiemos ik edpestive mataf silicidh expy %lbmﬁladla be deseppiefl 6?!11 ﬂmyortfa)ondmg metal silicide
mgmhthéﬁgegﬂs&gwwgkﬁgngubstant|aIIy the gate el ectrode
is affected, while a reaction in the drain and
source regions 214 may substantially be reduced due to
pr Bvthe Bdlbying, dt vedsuned dlat telisitivideioantbecdsids ¢omniohlg performed for the gate

electrgq%gi}é 4 %Qhqu @QEMC GG A’l@tble gﬂbrecmh @lﬂt ﬁﬁéﬁdlﬁé &pﬂhé fngté*m Jls\fd different

own a her penetration of the nmetal suic

procefsy YALSiFefeynes tefured- ange {ostgnspt ebalismayTisgre & fe-siyR theat Sesment with an
intern@i86 &dk@d@ et 5eﬂ’&ﬁl}/rerﬁ@ﬁgln\ﬁereﬁtt£ icbtale ke to thiRdf@in tigutbigit diigide from a high
ohm1m§se emct or\}s/eohjfnocréga Por o%er mattenglg' tsll}lgle %Ea@%ﬁheggrﬁayqe aI)Jllgprlate as is for
mstande@ewpﬁ fe@n@rlmkplwéan@m 4né§19 ﬁﬁgs magioaly ewe?ddféthrfea?vaﬁe Figure 2b,
dunné fhe Eﬂ%ﬁlcﬁirr@abﬁbnﬁfk‘ﬂal FOM ke Qayb:202 GiFfSscihtd thelréhidnl2@4 ﬁvhﬂrdn{) Wheltg)the modified

It is assunmed that the silicidation process is

conmonly perforned for thg,gate;el ectrode 215 and the

regions 214. 1t shoul d also be appreci ated that

depending on the material used, different process

strategi es may be required. For instance, cobalt may

require a two-step heat treatnment with an internediate

sel ective etch step for renDV|ng non- reacted cobalt L
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during the chem cal reaction, netal fromthe |ayer 222
diffuses into the region 214 wherein, due to the
wo@sfidwsatidpari t pfone in nme aeptn airecuon XPCHUS2006/019722
silicidation front of inproved uniformty may form
ddpan‘tt BELERY uli @ph fdneash Ixy arsadmeﬁoﬂg&@nyf rfyigyed @siforaity aay form, thereby

bet
81gmﬁ tiyéf u%ﬁge anﬁﬁoaéﬁlgsg thi?l é‘@"ﬁfé‘?%g’{“wee’ﬁ nre?ali] IFIC§£ %fﬁ%&g&%ﬁ&fr material.

sem conduct or device 200 after the conpl etion of the
atﬁ%ﬁx%dﬁssgl{ebgﬁglypgh%ﬁ e s&ﬁi%@tﬂ:ﬁﬁ demnm,aﬁéxhﬁe d@ﬂplﬁﬁn 206he above-

descnbggp@gelésls %glte}?c&qg{te%lfB 1%{1{3%0@({02% Igrgfg eetalrsglclqe T élo% i}f;’]t%nned in the gate
electrodd 213 aad tnleel sil-frcacpc relgicnis 1217 mihis therdsep qlrelg|agch §pu@§_46010ns 214, Moreover, an
mterfaé\ébiﬁg }ées{lbstaqtﬂlli' ﬁgcggcf AGF mfzég @wfnﬁy §MQ§ fa ﬁde(Fﬂh'xY wh&éiﬁmﬁ@orrespondmg

t he V|C|n|ty 0 he fﬁ
roughqeﬁes, etdffaﬁté%%fﬁadl iy h?f&fﬂﬁﬂﬁ%félgns Ségm qoily éeg‘%f'
ConseGuidity disalitafthdeyus hffd‘ctszsnﬂiaabonptw T¢akagn syrregth gditifeilisa miay Ye reduced for a given
trans1séo ge%%g dVéh%t%FHRJ ggdxiti gtloqrdf Qe cﬁ&{nt &‘é‘ﬁl@ﬁﬁ #HLEHth dlrectlon may substant1a11y not

vant ageous fects, such %?E o 210
avrsg RGP e BRSSP P PRI0 M Beiop B O ERT Gy o 210 s
substaﬂiall)e&tehﬁlﬂéalﬁ’olyﬁfe tadsnddﬁsltygﬂ the waar siticlde tebion PIYGknd hot byt thodppak concentration
thereng &/Eeé?as &a{?)c tipn ng tP vtéornrs}z?cq%g%‘%}étgﬁ ti@l?}ﬁ‘tgﬁ‘l§€lérfr§g%ted by the modification of
me&m%meMmance of the transistor 210, since the contact

resi stance of the transistor 210 is substantially

det jbﬁ%%lﬂa l%%gprg%a&% ﬂ'\gt( tﬁegmnc()j Lt}cﬁ:gtio\é 8% %{% pan‘ rgﬂelgff‘lg%e aﬁagﬁeﬁ linda@cordance with a
desired heetedepth xloer eagfit roviiescari B o¥anteh s eiop i epleie B vpe aod N-type

tranmsf@s)ﬁs%i'l?%Blﬁx%dlya%ohﬂedrlﬁ BRIOR detiads fnﬁ? teﬂﬂbnbzy difthient behavior with respect to the
nodi fiCation of the dopant

forma%&r)\ﬁf %ﬁlﬂcﬂe éeéxop h’gltus A iargeit geg )] ﬁna l}e s%I?]c'?eH goo gjth Fanswtor types, wherein
the regpéctifd thelifivd ylopas paditep tmadresult imadwrased @@fomntyrpféle (ﬂ@@ﬁttoe @f corresponding
metal gﬁ&@ee;e%lglgptlp othet eflﬁ%dnﬂen%p @i%rtaﬂt Qarﬁe‘i ﬁgb&ls &l OF ditfdfR tradsiSor types may be

revi ous
consdp R BTS2 16 TP COHHEHE §- FEF NS P B Bt ie g b prfomed
differdXBy foikdiakibils dBfetthtftfamsisentypds sl avill tordesaiitethnaxespect to t he

formati on of a suicide region. Thus, a conmon target

depth xs may be selected for both transistor es, ..

wHegued hchamsiiqelsestripspdemieraicios devie fore v Bret @%‘Q‘H&’VP different types
of tradsR®kI310 bdd 330 white ErﬁiilSeﬁﬁirelbnhd‘tfﬂ) El[ﬂldleyregitfn Hakieg § Gifferert itapget depth x, and y;,
respecg?ozreré% g? gxg%? é,lﬁ% aragﬁslgs%r 3 I%l'rlrlla%l Icc()jn? nree e% din e!n@ ch&'cQ ?erg%on 314 and corresponding

erent S XS Or f erent
extensfiqnaresins B e, Wheprinsa feggnt b@ﬁe g dhe denth dipiasgray be @nodifief gsrigpreviously
dlSCuSISJER’Jllﬁ rﬂéf@&dc@ﬁ P%ﬂy Qﬁﬁ‘e The®fs, tfl@([diﬁdﬂ @n&elﬁ@atiﬂﬁ)dﬂ thd dedin dﬂ}@@ji’de regions 314

profi l or ng
is 1ncra?srf3q:aé];hé ﬁlfge%/ c}egtﬁ &4 S{oberovetr,)}lb tr§'1n51sg>§ 5% a]y)()% COVe, e(; l&yr I r%aélé SIQZH §s a resist mask
323, BpgtecehSrashernae ik hyinplhiagnmaces 32 b OB o comesponding

deep AL CIOION pe%}éh@ga e rtﬁﬁs‘f’stotr hﬁﬁ %ﬂﬂ :1 \i6basli ;frf)ﬁflE @kiingl MP@Sreased dopant
transistors 310 and

concogER e ol SRIRBYL T o i RSP RY JECTHBHIRS REantps e sme
criteriy Spplyl 28 pR@i6dsiy\iedcxibed With fefegritegio Bie irbritaptationed3$ (Figuer2dB 1Aftepthy formation of
deep &gmmji g’o%rcg %ﬁ)ﬁp m%ea{raﬁsﬁ&dﬁ@ O&Frgsﬁonﬁﬁg 'aﬁh@al %}Aesé}ﬂg be performed and the

correspon ext ensi on regl ons 43

whe
furthep PO BPOMGEHEEpS HIsAREReT ot ryese gt e T o o laer o
refraclto$y e \ﬁajablfdeyosﬁddsmhl 5 ®iBnewd thdisketficiene e enstmae sHicgpuat &ast down to the target
depth I d’[%f us, a ;Iemmon mﬁéldaglone (%OQ ?i{eE/ be %H&'ﬁl@& I;Vﬂ;lé i ar%lalz theemgd'lﬁ’c'd Qopant profile

source reég i's I ncreaséd he tar
in theghegpsitondd0, ity enallelt tpreet 1dpriin g4 wﬁ?nﬂéli’cn‘iﬁpé%%“ 56 %‘éﬂf‘é figgf at or in the
v1cm1Efyof@(S, MAIK the SUGH: Bt & theStEl tBRSHr 3D3mayt PogsOl@@ito thaearget depth ys.
transi stor 310 during an inplantation process 324 that
is configured to form corg,gspQpgi ng deep drain and
source regions in the transistor 350 wth a dopant
profile having an increased dopant concentration at or
inthe vicinity of the target depth ys. Regarding the
i npl antati on process 324, the sane criteria apply as
preV|oust descrlbed mnth reference to t he

. o NN A Va o ~ 1 AL + T o

?0ﬁxpar\e/g]to pnor art techniques.

L Y



in the transistor 310, having the smaller target depth
Xs, substantially maintains the suicide front at or in
wWo b@oassrhity of xs, while the suicide front iPCT/082006/019722
second transistor 350 may progress down to the target
Cdnsé?ﬁﬁtyha ﬁ@h&@@@&q&%ksy /ﬂeﬂblilﬂylxg thie EFbrmat@QIT &Rtad)bxhq{idleomeg&s for different

1 bilit ormation of as isa
transmfo&,ypea IS proy s d¥d L out agdm 'til cSaroc?ss comg ex1g;e glﬂla the gdngétﬁiﬁ {{ﬁeglas(i)spﬁ k 323

ransis provi
standaadd:ajqcedumame prooiéss! prorpile Wbsn differenttgpep pidrapToRei eHirgsk
the resist mask 323 is a standard procedure in the

cqnventi onal cess flo when d erent 1
t rFéﬁ]fgl Ss[cleﬁmgtxc {l)yes i! zmeplgzan h dﬁ\}l%e 426 vhné I’%Hr[ngé/ {ﬁ? ?on% tﬁmsmtor element
410, irawlg @it ks rchogion pf dgbeantsmnt@@ehm/depsgluﬁlmrréé@ww e Wsaor 410 comprises

a gate Lle@Rad A% Qe[vm%lf&mgéo% acdr @lel\ﬁéﬁt&ﬂ% adiack:® &ﬁtlhlo‘ﬂ a&QdSrfnb(Dﬁntﬁcﬁally grown
dopants is |ntroduced

siicon (o HAPS EBRCoTIOHBH 1 S o 8 Bt PO e et of 3
metal §ilidideegtion hasneerforspd delas ®lbe Aprcistedithd ﬂadqrmt:éemh x¢ aygkep bhlocated within

didr kR ﬁaﬁ&adfm 424. 1 iple,
BRI S A o o i

e oo AP R EorHA €Ay P B YR ST S e i rferenc
to Fighr® 04 8 2825 witeeirh) prid @ theefdumatidn dfi desp theinhed @pps egipmt tharegidpa 24 may be
formecti %{/ Wel?gsgagﬁsh%esgﬁqgé §LHH;5}M g?dvﬁlp teggl &Lgcﬁtv@&hvﬂl stQ:lle d%fﬂant species may be

ve re orms hin a substr
wdded 0 e oo TS PIECT B TBIOTE 24 3 GG A AP g on the proces

paramBieds 'ccﬂlltrelhngt tﬁ'&debd‘sﬁlﬂﬁ htﬁlb@ﬁerél&f@leﬁagbtlbaeepftmmﬁdwﬂl rocess, a desired vertical
dopanagrglglrﬁ Imgg geez\i/\(}[]tist%y ¢ & exa[r)n %Csel R tl]_ﬂedg%)gﬂtlg{rt%é 195/8%’1&9%? If&[ a given deposition

er e a an
recipawhesdditin offfreidopant pectbes Hfabbfrmﬂtroéi?fi agthechegipotdiedtrert dith xo For instance, a

highlyJl0dli£c§ an@eQir&‘lG§pealE Re e %ﬁht@ﬂﬁthda%ﬂecﬂﬁ(y ddpént EpRsiesmekhdyirget depth x,. To this

end, a\tNe %%%Wg%bgbdulrss hte &El ﬁ%r?tgptr!%(%rg%‘ S Iytbae)é%%éaﬁ rlgm%chEOSItlon atpr)Sé)here of the
selectixel efetalxidl grotvibepratess.odtien the trrgat depiphie reached 1§ %Wfd@elx lggalized concentration
peak fs %gdlrgd’] %e%%es@ﬁaerz[y%' c@fﬂé on@ﬁ@? Rdlhsg i06rddrNE apfpFopEfSBreduce the

o el S R o
embo¥ifErtd, @ asuibsch@ tunifiio fdopast cmgenhmmmd}a}a bt @d)duo[é@ withig .alpppe;péamally grown
region |494? Gt t{;'e re&tﬁr@@ ﬁlb(ﬁlhcgponr (ﬁtﬂ% do?anv\ﬁjohle KD@WEe (flre@uog 4§ Be obtained by a

Sition'recl i on of
specifspbciaT PP Fromeror BasoirRe HESHEBF R PGy referming to
the iofl @RSIdhta46n 22O n dtill Sthe@edodifedt, g hteyise Io@bdni of @ increased dopant concentration,

ie., og 191e ’gi%?ttd% ;ésioga e K? Ea%mi%@ Wﬁﬁlg g& ggthweélg'n #2S ﬂx%k Ea'see gxe regmn 412 may

tar get his end,
be re@@ﬁpdr shnoh Wi thﬂgspmrr dqmepts 4Ny Y MFPP“%? @6119}‘1% F“CPrﬁsyls‘?ﬁ'Qp“’ o anisotropic

etchn%e ﬂﬁfn@ﬂlﬁﬁaﬂn@ eﬁlﬁﬁluﬁj:'ﬁﬂ) dxtdatn pRtADERIER herfdhedifl@highly controllable manner
Ve t axl a S emica
and tl&: éﬁl{:(ﬁl cil(ogldle gl%f e g&rﬁovad I\}/ \{Yter}alﬂls gﬁl I%?' seY%'gt%ral {xc{]\gell d:@ﬁtg)ﬁgble wet ch 1

an ex
etch teniqeniirceby Hrmipeeieessst2ehds p highly crelsh GEs Thetpedfre e pritaxial growth

proceSSYr faﬂur%Qi{err@g%QQliﬂ'nﬁg by eﬂgﬂn:lég tnQEk shide ﬁﬁtﬂ?ras Bdcribed above, wherein now the
propria ce S| n.ra
T N T e ——

peak witicd debitey dopailt sebies. t ar get depth xs. I n ot her
enbodi nents, a substantially uni f orm dopant

concentration may produced within t .

gr Ot tlflee@p]alﬁ%on@ &heéﬁla’t’f’%@ﬁ?’%ﬂ @fOP"’ngprPﬂSﬁr}f’ fe grt.u?got e re]gm%/ 424, optional
furthed Qﬁﬂﬁﬁtatlﬁﬁ @fobds@s imay bé @erﬂb&p&tdho dbrmedebp duainrmay sdyece obicak hg{;hg a vertical
extens1¥n as ecci byh&e@ ci Yegﬂ%ﬁ&&n eAgﬂ L:@Qﬂ &)gpéséﬁg)aﬂé &H‘oxﬁ{e@ g)eaiﬁvate the dopants

erence to Fig

mtrociuenfdéw Fhie ﬁgﬂopfé lqﬂh@Pl?néﬁ‘fOIP Hp! &r‘f{“’&fdl b Appgesipted fhat aéfl “rnr‘l "B\leﬂlé%“‘m processes
for fRAROME BRH HiBin adl PirEGLSs haEEidnid Ghenale redasessiase fhopdmtd the dopant

concentration, i.e., of the target depth xs, may have

to be formed within the agded Vofliegi on 412, In this

case, the region 412 may be recessed adjacent to the

spacer elenents 416 by any appropriate techni que, such

as isotropic or anisotropic etching. In one

illustrative enbodi ment, an oxidation process nmay be

perforned |n a hlghly controIIabIe ‘manner and the

o o




further inplantation processes may be perforned to
form deep drain and source regions having a vertica
w@zi0en3i3eh as requi red by device requirenents. PERUS2006/019722

anneal process may be perfornmed to activate the
profue doRAMoSadully’ 86l UeHEey ctthﬁ_sha@tdnomw basiO Rf !cnf_pioﬂ'mg ahd dopant precursor
concenfRigl b RO B BUA AR PR Ari o i ARl prooss iy be omited
since tls@upan@tmgtedy@caﬂmyacybat dnttice .gi@y 'Wq@?ﬁef, the s?aéeéééglégy bg mved by well-
establis‘%&ﬁﬁ%h%{ smlégiv@&tg"l t%c%?ﬁlq%@ g@nﬁéﬁ{atcbﬁdsﬁcﬂqi@yr}p&wb&haﬁiutr_ﬁé ingly{lﬁ performed

conpletely establighe n e,,bas| s LiBentsN&ich as th
o formanin 1 AREBH & BN U Prapfon® Ei*%rﬁg‘*‘s@%ﬁ g Sents ch s the
spacersa{16,tn@ux baforngbd pwisnetal glicidztreivopheyrbe formed in b pigtiler ygpas ig [gviously described
with reR&a) FiRL08€ss may be omtted since the dopant atons

are typrcally placed at lattice sites. Thereafter, the

spacer 416 may be renoved by wel | established highly o

S @l thiv @licdtatdn preedsnhechipbly 1aaliked inerprsal dopant cBIsTiFAHPNAY OF 1 the vicinity

of the iar tI (%gﬁx Q{#r&ﬁh& SOERGR “ﬂ@a‘iizéﬁ@n”l%@ ik e hfté?faé@, thereby enhancing the
ext ensi on regl ons a% acent to the ga e electr,o

overaltphapegegipticp e thoftygpsistos f 1 OsMareqers 8RG8 ReFY
of an SRAHEAS ddph, spdtRY nlag bé Plaved cht andearneik dbree Wemth de the sdrim’s effect of the
be  f.Q0 ped. in L VEYin S st SanBSIR @SS biXnificantly affecting the

conce n'%goéllpf%emc?y\%% Pt éa?é:g?g%é}%% Flgure 2. During 1¥%i1c§
overalKkele¢tisd” demantorefifsr ocess, the highly localized increased

dopant concentration at or in the vicinity of the

target depth xs.pravides.an ole0GALd BataiGHoF n¥fa silicid

t ?@g‘rfﬁsf‘glt&spﬁ?s%n? de* per?‘fl%eggr,l gn{ﬂ%g{hgtg%mg nhanci ng the . tzs
havingoredsma ron-iifraititset dnsipteidase tyfthe @aipipgYFacgRdptorgggn. thereby improving the
perfonl}{gfég SMEhsistop blBk&itsA THEIprdHedhe A Billcideauhyradiedisiith mAgtk diipahby modifying

concentratjon of an ropri at e .dopant. speci on i
e et b N e SR apy SR R EEH R Al B
genera@fihag in thxf viditite ofaomree depthetbi thrmetab sikcidpditerfiee, yﬂﬁbhjgiyéaﬂqao baygier” dopant

concexﬁé&gn,e nﬁlle X)arﬂgr%gééﬁl&ﬁgl m nﬁﬁ&i‘t@laff&t ’Metdhﬁ'si{'ity and thus the reaction speed
significantly affectin

2 . the overall "electric".do .
duringghopfipl gilicide foEmafiRIpALSS: 3heeba5}eg§0gmt PRYERTT SR %‘? i ta.Spe‘“ﬁ"“‘_“y
designad jn@_[hhﬁﬁtﬂh&éhu_érﬁa Rihich ey focindetdne mfrmrn'm.tpiaptntiqgfstepm gngfor by the introduction
of do Salr'{{s Gh S bl ok Qr% eﬁiﬁgﬁc&gosﬂigﬂl 'pfé@ésg. Ok flsfebtf® oflheBfhy the increased dopant

?n_epface to the renalnjng sen1condu%t$r re:%lflonit os may be used
concepttationeip gredtafpdifirenh oren Spasist faying s sunedy dfiFp PPty pes may '
In cas® |d§ﬁ%ﬁ1tt o‘éndﬁ_ajthf&y ;tjya%ra@a/@el;, IﬁE_tdai)ansmh@htttﬁ'orpif;ng&tU@rm%?ﬂ idiffgsivity may be

RasPo ENE ' BN eNER L bt cElRRARMon, thereby providing

de“’“&?%ﬁ ]Ie%??%i atcﬁrl\{aﬁn ?ﬁ%e’g%%p&#l%%ﬁhg'né% S0 u,r(%e ceqions. yi o

enbanyiddleability inrfesigninedipdericrtorrairtiosriseriafyriamds Y%&’ﬁ&?ﬁ%’&“ ansisto
perforganc@l inthe vicinity of a target depth for the netal
suicide interface, which may forma "barrier" dopant

concentration. The barrier concentration may N

Si Driphiticdan blhlgod?afeflteql;iﬁclqsefq]@b@/ieﬁlfegiglptmhy%png/nﬁ thepigpentiop, ay be modified an

practibed a6 taleRRuSRE Ehivalldht! iindrd §ppitBl A (hS4éi il inf @€ BBiNQIY the benefit of the
pr ocess.

| The barrjer dopant ncentration : .
teachipgsy BEEp- | For £ AP it I%E%ﬂe*fsftease?? Sﬂéaa‘?’?w% © rg?%rh"g‘? in a different order.
Furth&R6[d SivClayitaidis ale imenled 1 dheutiilopfecomstrugtion er depight bastim oy other than as
descr%gdeig Stte cgnﬁjs/ b(e)fE)w.b Yt ig {ﬂgrefo{éte(/iggxyﬁx_ﬁﬂ t%aﬁfcul&@ﬂ@éﬁirﬁen%misﬂbﬁd above may be
asi's of an epitaxial deposition praocess. Irrgsgegt
aerodor e ot Ho i h REHEB A GSHEL BHEE A SpTe o 1L
Accoliin@B ] iBhrotethibd StghtHerethipanét fepacthedaihshelowg t he same or
di fferent conductivity types nay be used. In case
di fferent conductivity types are used, the dopant
concentration affecting the netal diffusivity may be
decoupl ed, at least to a certain degree, fromthe
electrically effective dopant concentration, thereby
provi di ng enhanced fl exi bpli {4orin designing the
barrier concentration substantially independently from
the electric transistor performance. The particul ar
enbodi ments di scl osed above are illustrative only, as
the invention may be nodified and practiced in
di fferent but equival ent manners apparent to those

o " o " oy

ig grtjla/ﬁry oscal z%g dogaglfl?éoncentration

o% Mlg invention.



altered or nodified and all such variations are
considered within the scope and spirit of the
WO pwensizeh. Accordingly, the protection sought PeIEUS2006/019722

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

CLAIMED: 1. A nethod, conprAmMs\g: identifying a target

dept@ﬁﬁf{)}%} of a netal suicide region to be forned in a
WHALIS CTAIN 5Nt ai ni ng semi conduct or regi on 212 for ned

above a substrate 201; formng a dopant profile in

S@ d SlAlrhe@lQ@ g,glg}{sgg Ni ng sem conductor region along a
directio i con-cont ai nj.n P

ot crer PEbin b R B SO Db R i o glmponanin

(Xs) seendi®ndwotonlegian 212 forhaebdve penbtriie?Pbf a dopant

C ?cﬂ'x%ﬁl?m ﬁ%%ﬁt%&ﬁﬁ%aﬂ%ﬁ‘ib& ct)ﬁglﬁ seﬁtﬁ:@ﬁdﬁct&r&g)on a@ﬂ@a (ﬂeﬁﬂh [irdtGon of said

[1.cl de region
Car gt SRS e SRR o B P CLTG P LPgap & b
f or m ngocsiaiagintimpandoppr ai&xcdl@tmmmsa@@sgep@pm@ﬁshﬁwg an
| el nnpalérgétzﬁtsﬂla& 1&&%?5&1 hMIS! &sfid Bijeddogih @ at i on dose
an are con ed to substantially create said
dopant pr of| le. 3. The nethod of claim?2, wherein said .
I @n i nahapk@bd Mcifih QC @RSeilC ﬁjffplhg s daphnt | pedidst comprisef parfgtming an ion
1mp1arnfﬁq$xélergge%as;va}%pefns;n?r?%}e\ll\x{lttatl& d%sef Jnﬁ %rgg%%mtroﬁéaqg éu@§an9£ll:¥%reate said dopant

e nmethod of claim

profilewher ei n sai d dopant profi I e is substantiall y

determined by said fi rst dopant species. 5. The met hod

of, claim 3, el QHBRRs at least one first

conpri s@% nigfho trggflmdzhg %eé%(sﬁaﬁ%lofl Iﬁga}l:t]at%g% Pocn st eg W tha o
implargaionsig vt dirrt dope sriedcs oba iﬁretmftdh‘%ilﬁl%tal?ed first dopant

species, wherein said first and second dopant speci es

ek hod P T e AR TTF 6P R Rak A Aty e by seid s
dopanCspegEs.l Ses i nt roduci ng a dopant spe(:| es by at Ieast one

of deposition and diffusi on 7. The nmethod of claim1,

wherein said silicon-containing slem conduct ar lse?atqeatone second

212 i ncThgeneted M dopsrrit SEiF 4 TRRentRisP RIOETT ©™Rt {
impla§iBn Ofp Withch'sdofid dopdht icicd brherating s@dfinstciopanegpatns, whengingfid first and second

f f I Rbal 220mufs- The nethod of claiml1,

doPan\t/\ﬁﬁ’%crleélslﬁ’s %gﬁ C{ﬁ{e%s}%lé rreat al léulm i cide region 217

conpri ses dep03|t| ng a layer of refractory netal 222

abgve ShieGnetioll bCdin G OlieRinNofgneseidi dopndrcilorompeg otrodtife a dopant

.and heat tr atln 1 substrate 201 so as to
Spec‘ﬁsHYTtPegsttgner?égngd)l '?d . 5 formsaid metal silicide

217. 9. The nmethod of claim8, wherein at | east one of

a ’; hi ckpRsSemdh oﬁ@én@l 1| Qyepdin @fd ilRbi- aﬁfaﬁ[nfg sérEitcatiuc? Rgiom 212 including

erature of at_treatne I

said dg}glin r?fgearleprfsrerg%ﬁtiﬁsﬁ o og 1él:roan tr?g00|n| S d ng%ougcg%gg)ﬂ él?%dfql?ielg effect transistor
200. silicide growh substantially at said target dept h

(Xs) . )IU A nenpa, conprising: identifying a first

target depth (Xs) for a npetal

dr&in a’ﬁla: ‘%"’8{95 efec atlr& b" vgnﬁrela ormng sz}lciztnet% sﬂlclgt%re%uan { 19 cor@pnses depositing a
layer of BASdtGT Bktal 32D b3t Baid silidye- cf)@mmmjsemmo@q@orgpgupm}lé and heat treating said
substroali_e 92 laslogg t?%nt?é%]metai aff%}oﬁg) S JiaHeal Micardisour ce regions

rst specified transistor type on one or nore
substrates

9. The method of claim 8, wherein at least one of a thickness of said layer of refractory metal

222, a temperature of said heat treatment and a duration of said heat treatment is controlled so as to stop a

silicide growth substantially at said target depth (Xj).
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with a dopant profile, wth respect to a depth

direction of said one or nore substrates, on the basis
wo@boosas@d7ii rst target depth (Xs) so as to obt aper/usmmne/019722

i ncreasing depth, an increasing dopant concentration

when aggkgagb&ﬁﬁﬂggld first target depth (Xs); and

fsggﬂrﬂgyn ngft dHeet g?pﬂjt(;(glf?r: (rj: ] %1%,196: rfeél& 1%?«11 gralq ﬁ& Q)uf%g Qngon of a first

ed transi stor type
310 onspetdifiediiassisor tyﬁe%&F@efqrm@tonp’éﬁcgé’Pfedléﬁ‘F"r‘FS?%) 11.

Tgﬁmggganpcﬁian‘?fmdcsbﬁéemeg}&m oaRIeit @peﬁlﬂém&lgstﬁﬂy}d offeficadr more substrates
Sul clde_ region cC ri.ses i str on the
refr act”tS‘? 9 ?Pé’ft afo \thharssg g? d%m‘; di gztlon of %{g gne%t" more substrates, on th

I con-con
sem cobdlsof aid firg garg;ndqi)@r(mgo oo glaqn@] fqm@regsrmgrﬁgp an increasing dopant

substr afesuA0M wH&%Lpr&aEﬁ@gt shill GirsBi@H 5{ dYREXO! anfiOI €

T i T o6 L Sy 80 cpor e
| east oGruevnaife basitditaiking sggevdepB &XH | ayer of refractory
nmetal 222, a tenperature of said heat treatnent and a
duration of sai d heat treatnent i conlrglled SO as 10 o iea
stibp t Abe wpthadeyf glainy Fowpeiera fiyatg fiq RPTpySlgide £510g cpRrey Cepositng
layer df %ﬂ&Brydﬁéﬂﬂ h22 d3ve o HEconednimixthgobmicbralianr k€ionf figmtefh@p said one or more
AL CRAMe k198 ksl bohm 58 mYSiicide.
mm“mgsggégﬁéﬁg w%°m= F%#ggmgﬁéﬁbn o be formed in a drain
and source reglon of a second speC|f|ed transi stor

t M@e 35@(3 h&h&’leof fcﬁﬁtﬂﬁd wﬁHﬂeuSﬂlldst@ﬁ@of&l‘ thitiaese ofstakidtyendfesactory metal
a nd, s c o Stos .
222, aéw&ﬁa & sa(1<¥j gei% tlreél{\%ex?t afld a tgg of & %l%gtstregtnerﬁ% <Q> §c§1€@§bda to stop th

0 second dopant
mhmmgmmﬂhhEﬁmMMth%é§p$@wﬂﬂgﬁ%ald depth direction of said
one or nore substrates, on the basis of said second

target depth (Y5 to obtain, for increasing
dépt h, & &ﬁmﬂw@wéﬂgwﬁﬁfgﬁﬁ%ﬁﬁmﬁ B8ant concentration when

apgeakrgieh h Rgosiairget detiofed (Yoar geund dspst siticidsrieBiondp Re fgeddp g drain and

second sgllﬁ#ealle & b Ll KRBIRANrinSstSah s 10 ad Be BABkdS@UELIABNE or more
regi ons o he second specified transistor type 350 so

as to StWE netal silicide growth substantially at

S Gbrehir$ 60 tdin it sg@te ©gk hf said second specified transistor type 350 with a second dopant

profile, with respect to said depth direction of said one or more substrates, on the basis of said

second target depth (Y;) so as to obtain, for increasing depth, an increasing second dopant
concentration when approaching said second target depth; and
forming said second metal silicide region in said drain and source regions of the second specified

transistor type 350 so as to stop a metal silicide growth substantially at said second target depth
(Ys).

Page 16 of 17



