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I NVENTION 1. TECHNI CAL FI ELD General ly, the present

TECANRIE PORREDVCRSG karathes NORIUNIBORMADIES BY ABAPTING A VERTICAL
integrated circuits, aﬂgrmﬁ,ﬁ tF thl cularly, to
v

sem conduct or devi ces I'ng e -silicide portions
on semni conductor regions to reduce the resistance of

t he sem conduct ogaREROVD GF TBAGNERCHNR ART | n nodem
ul i Egalgg gﬁnsi ty Integrated circuits, device

Lo eadi |y decreasing to enhance devi ce
p&teharliyathe presentinfantiot iebeald thy ficlbief Fabtidation efintegrate eifcuits, and, more

partlcﬁziﬂ?eﬁ ’sertlm%; devidd B4 v&ng e biRdid JofleRY GNBmichbictdFa¥gions to reduce the
fset . the vant ages obt ai ned by the

al

resmm?“édﬁ‘é%ﬁ“‘f%%i’t‘ﬁ?‘ée%‘i"ies CGeneral ly, reducing the feature

sizes of, for exanple, a transistor elenment may | ead
2 t%A%[&?[ﬁS rchannel resistance in the transistor

e , ] s result _in a higher drlvecrrgnt ) h

cdpasign pirahish densivn tcedted Girlth dpdee SrdEd 353 Sté ecreasing to enhance
devxcet;feﬂ‘cﬁﬁhxﬁé ad. fulcHord Q. emm'ldng thie f@tufecsives) h@geversénméls cepthin pioblgms that may
parual}é/ O%Qe‘ﬂ.hg gth ta%leseotgg}x%é Y&t tJnhs@zeé rtfel §§1§/' r@cgtcmg the feature sizes of, for

con uctlve nes and cont act
examP}eegiff’@ﬁﬁm efoment mapiead ig @dem@seé Rl 5HFRUER i ARSIIGE Pment and thus esul
in a highe® aﬁve oﬁﬁléﬁhca@&ﬂﬁf a'ldfbnlﬁhﬁ&d samg se@jbfalRStranshitdrh It deereasing the features

sizes 63 %}ns nan Q{or e emeruse hov‘éfer\/ T, ﬁl r%asmg eﬁgﬁq&f resi gé)gﬁ:‘gmﬁ t1ve mes and contact

I ssué since t sectional area-o
region}, ji.p eef regings thetgpuyee ﬁeré@?oea%ssucw fligin g jouaa Feagnss wih tbf'r @ﬂphery of the

transw%r &iErSent, HEBMES aQi%ﬁmﬁ&QJsh@dﬁ@é the E@é%vsedﬂ&\&ﬁét&r o,f ttd&tlﬁésmnm fGions decreases
n conpi natj on

with dﬁﬁ‘f"‘é‘f’% fxturg aﬁ?jsr Ifgf} ﬁrass sF]c 1o%agar a % ng'r nges anl;] l’%b(l)!% ion v¥1th the charac-
teristios efjbomaterishepmpesigsthasodnctife lingsand eg%m!%thie fepigtance pf the respective line
orcon&gqgog,gt region. The above problens may be exenplified
for a typical critical feature size in this respect,
also referred to as a critical dinension (CD), such
asTht e vepcitdns nop bodemplified foanimpital aftica fdhiuw|side inglfi§ repect, also referred to
asa cﬁﬂcﬁ%ﬁﬁeﬁglfg{ (Cb,t;' Aichfaf %@&t&ﬁww tRe chilAliof QhQQLEMﬁnMrW?BmS below a

source region an drain reglon of ransi
gato clegide Pattject Riseurescedprs it G#in £94i0n of ﬂaﬁﬁ'@fswf Fﬁ%ﬁ% @m extension of the
channél b@mbitgiretefredis aChaimaEbngthomgyt significayty Bipgive flévira pérfopmance with respect to
fall andrlqgg &)rPe% og i Itr%:?s ﬁ)? &y i&efn?ﬁ\!%%? th\é”sﬁ:{helt &pR e ﬂe‘?weeﬂ ﬁJe gatél BiEctrode and the

ransi stor e

chann et} foe o @aﬁea@pqeéffewepm%mﬁﬁeh% eslgrrﬂ@!e& ?fd}éFechéﬂﬁ‘B‘ lgngfh, however,
also eR41R M3 @ddudidhl indiie of My E&tﬂudﬂ@&l&ﬁs’ﬁt&ﬂ ad tBSgatel eboeaile of the fiedd effect transistor,
wlnchﬁs ﬁé&nenly ‘form?dg o% p(élﬁstﬁ 2:51} Qk‘{ tﬁgcoxolgaca %nscéﬂgq{ri]&é Iellécgﬂgltcgntacfl to the drain and
sourcecreaitioff theteansisteresy that epappavestis theavgilpble cropseseqtion e chyfee cajfder transportation

is red\chcﬁl &L aeé;uﬁ Ghe Joﬁtﬂﬁ@deSihé&rand cdﬁﬁbt(isgld@ e&ibmimniéhbi' r@sﬁkfaﬁ&dmﬁjs the reduced

i con a gions.
coss- Bk PR AP (P B SHP TSR Of R R g o tnes and
contact Reglodsy sachsss g @ats elepgodelhat] the dnsl@qdmmm spntadieegiani | abl e
cross-section for charge carrier transportation is
reduced. As a result, the conductive || nes and cont ac
' GO e SOOI/ PSS (o IS <ot REF A e et o
substafitfafl$ Soneiget iod ﬁhnhcﬁndh&ﬁfpﬁmt sch dsailicday Fonjostows, mgm@dam integrated circuits,

the mﬁ!ﬂ&%f s%h%%lduc%}% x@c%% @Jch §§ ﬁe?dseffeét t x%ﬁtogaéaﬁic{t&$ anti @e rﬁc@ gretphﬁanly based

on siligqnevehereindthe indiyidoal %wwaﬁ Cﬁnnami Wéuwém@@m laetfl hP??g "gHijg the resistivity of
the méthl o8 hdye i@profRardyirépldcag tHertp@mbdy 6ed bldmintiprvathefol B@mple, copper and

characteristics of conductive regions that are

substantially conprised of,gseni conductor material such

as silicon. For instance, |n nodem i nt egr at ed

circuits, the individual sem conductor devices, such

as field effect transistors, capacitors and the |i ke,

are primarily based on silicon, wherein the

i ndi vi dual devices are connected by silicon |ines and
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process engi neers are confronted with a chall engi ng

wo 20k/13d3¢7 an i nprovenent in the electrical  pCcT/US2006/019722
characteristics of silicon-containing senm conductor

copper ah&@ Spr&ng &%[&ﬁ?r@ Qélzk%ﬁ’céd wiahd @ﬁﬁenéxﬁ@tlas&ﬂﬁxeﬁ & 1&@%%:1{5:% the electrical
erenc 0

o8 PP TIRE PR B PEB R g R L el
contai ning, for exanple, a plurality of MOS
t RARSEELRE So Fx‘é’brteé 1%\4’ 1BCand&SHH1AP $f$cés§1f09 kd@¥ackufing an integrated circuit

illustrate t nvol ved 0
contaiiy <aBl. oM B E MO SRy P P SErBl G AT @‘“S%‘a*e the problems
involveléminpaidy the electrceiphomseribtivs ofisilieorc@ntaining senivotdugenregidngin nwre detail.

sem conduct or structure 100 includes a substrate 101,

for _exanple, a silicon substrate in which is fo rer

f iFigprekes %ﬁnlcpl?dgﬁgr sirpchyre ]ﬂ?@lchflesg sgbﬁléaéq IIOII,é&r example a silicon substrate in
which ﬁemdett:at ficld difyct tryRistor O ofa specifien coddadieityrngle, sheham si N-tl@nnebtransistor or a
P—changel transﬁggn'ﬁ%l uagg;s@o? %itei?lgnqulo <;|; néeg Qtp%{i%{m? Etm@tl\;%q?p% rzi!réllQ)f an insulating
onpri ses an lon stru

mterigh aaﬁlhwg dioile: @iwommm%e@e%ﬂlaékes Whiphcdsfineg| praeHtrar oei e 117 inghe substae
101. A gatter dlédﬁ’ocﬁﬂ s & Remdd dver,a gﬂ‘alnﬁﬁlat%ﬁfldy&ﬂﬁ il sepaiatey the p@Gél@ode 115 from
the act*v%feﬁlgn 113 g;l),a%er eI% ?n"f‘t 1(:1\6 made o for ﬁ;ga%;g% sﬁlc%nl(ggx?cﬁ Sr s]'lilcg’n 1lut§1de, are located at

I NSU at separa es
the sidealls g>ﬁtths geteeeleptrqﬁeléwllax m ewve qu@n A& ismecer aag idgsip regigns 114 including

respectRR B siof ﬁﬁ?ﬁ& Erlﬂeh@nm%lt@ﬁ appfc@ﬁat&l}i@lﬂmoﬁant ﬁ'bﬂilb €eqiiired to connect to a

)it 5 845 RO bR RS BT e i frgesion 141
applicatiegofomapbioBriatswmutrat voliagechn theaptpeleatrgdedds 114 i ncl udi ng
respect i ve extensions 11l4a are formed and exhibit an

appro | at ey al n rofile re ed.to. c ect
B b b Sy LR B R, e 1R Bl
channet leagth ef thdurinkigler 10 alsighamdan, ab pevioushyi paintgd dutt sigmificantly efects the electrical
charac{eﬁalkso& %elﬁrfg ishP anenﬁﬁgl \*/Iﬁi%gn' aquuQJd gad leﬁ@ﬂ’ SxﬁQﬁds @dficed overall dimensions

e on gate el ectrod
of the Eqn@gprd&g m}l r@ﬁlg e‘n&gg@;aase@ ﬁgst@ﬁ? %f ﬂreegﬁt@ Flﬁctraile ltlﬁ énd contact areas 114b of the
drain dnfl 36uSde Ségins €14 AdBgh hisYily deped, oatingdo as rdiikéed are @iaeis mvailgde for charge
hannel |ength of the transistor 110 and
ore, as previously pointed out, significantly
affects the electrical characteristics of the
t rAogsita$ b@&essaioﬂﬂ&rﬁ)mﬂ:&(}he 8RR bEudor atric@EHI0E thag ednribeahgibitowing steps.

After %?dmtlvﬁfl ion o tgu q%%ﬁim s%ugture lql_'& nélllqo% gﬁ toh&%;rgl{h%ngt&f‘w deposition

N A nereased fesr ot
techniques mlag@@onls&ess agrirforond ereaty p esguired Yorticabdopanpprofilgy méhqﬁcta‘ﬁdegm 112.

Subseqi@dﬂl&ctﬁe bR in@MSonlihgkr 188 2 M&hao@&&ﬂg {oﬁeﬂ@ﬂ&ﬁmerﬁéhtsn OThérGafter, the gate

d t hat
o, 345 S04 3, S5 L okt S8 55 il o S

photoligtepiaptyregd) ettlons tsthniguss. uir@enm@rthmumdmpm siep fohforniing the vguprg and drain

extensﬁfxseplsfa wuﬁﬁ tﬂﬁrso&&eanﬁ Qféiﬂegl@;ﬁ 19% i REoksSe hﬂt th® %)aéﬁr Eléméty B16 may be
phot ol | thograph c etch

| -
formog ébd‘gwlmnandt NP FRLInE [ EPAAE o 12 PTG Hy IO may be used as an
implang@ibd msskds atsm:sequemnmlmamqmcm dn wigielt 4 dopént §0ppladtedonto thelaetwe region
|l Braln SRR 1 thlheren ALkt hidt B pBPLoBcentrations in th
12 R Sk e MBSl 10 i i
regiony.equi r ement s.  Ther eafter, the gate electrode 115 is
fornmed by patterning, for instance, a polysilicon

e?éé‘ﬁ ¥o be n%/th%a%rt}n% dgfants chlltr‘c%tgtl)ncvat e?thl?\Doial*l ?g%on S%c‘a&gle in the
lengthﬁwtl@cﬂf the g QN?EO@ Fyre E%Veﬁﬂ@n@}eaﬂﬂcal @S@?@ﬁsﬁ’%?‘&@&%ﬂa&“ e referred to
as depif &r@dh@n § BRlicaeAbyRe ARF. AliRdubh the GdpRi profilbAf ihS squfk bl didkiregions 114 is

and the spacer elenents 116 may be fornmed by

deposi tion and ani sotropig,st ching techni ques. The

spacer elenent 116 may be used as an inplantation

mask for a subsequent inplantation process in which a

dopant is inplanted into the active region 112 to

formthe source and drain regions 114, thereby
creating the required high dopant concentrations in

carrier tﬁ'HI%F s




depi cted' as a Tegi bii having a sharp boundary, in
reality the dopant profile varies continuously due to
wo bwe/133aer at el y non-1ocalized nature of the pCT/US2006/019722
i npl antation process in the depth direction x and the
dejpic't’éﬁ%@%%g%f' """" %@nsﬁﬁ{: 'bgﬂldact'; ER Sealit} ke &ﬁ)ﬁxt Eﬁ)ﬁfeOJaﬁ@C’(:oﬁtﬁﬁously due to the
lanted atoms and fo urln
modergigly, §‘P“a‘P‘faP??é afagfethe dRRIRIEHOH POt %Fp

annealivls stags| tiyat aiehﬁrfd-mpcafd' aqaivmfng the implsnt¢doatdes @é lf@@plgxg thmcrystallme damage
causedcqgl%eo{nma&%%ow %% CSuhiB)! e d%ﬁtaﬂi@ﬁ@ﬁa% t®be LdBted 'irﬁ&ifoﬁﬁl@'r with certain

exa a s ort ate |.engt
purame AF 15 SRERE PGP OIS SOt Gy Pty B I G chamel gt
typxcaliysqulde@w “sdmaaﬂtdopzrnofprdﬁe innord¢rdier reduoe riedspewmlladhishort channel effect.”

Accordsmé a'k 913 89 ‘11 COJ cer%a&o ngé]th 81%0@09{1: ay‘%% Q&Etgd M e suﬁl@& ie., the contact

hcen drection x may be
area11I4b@a(i%§’8@1§rianﬂhéf°ﬁwﬁ‘a€@sm$deéth the contact area

114b and may signifi cant ly drop with increasing

d %%&ﬁtlb i %lﬁa}rh?aé Qho%v% ca? Qolplalx ng \f}@thé &Qn XrﬁirsgﬁrgeQLgmns 114 as it may

I'n the source regﬁons
typicaliytbe muntqrgdpn ecmrv¢n;mq@btraeﬂw@hmetﬁ9e@vms1a eaRIeng Hlé}r?éwpmmtely 100 nm

and evbd BRSInFHiRfe 18] BIRRLtd NS r&ﬂesaltsgﬁé ﬁtehéitfﬂglohg thd Bepthalirection x, wherein for

s 91 153 o i B ) BBl Bl o
concerthequin hin @i logagithingmscrle, wheesiethn tpgrof dopats dm g 4r'fnn F’ng ¥ppige frogions 114 is
detem@me& 9}?&1@: tyb@gf tfiﬁsﬁ’gt& elmerdt $hal thd talifiat166l reE&seﬁts d'mi‘b,asl 1s|elwﬂ&n from Figure
vertical axis ra)r esent S t he ﬁog énﬁﬂanﬂydrop
1b, a ‘feﬁ' h¥h| dgppat SoReTATAtion may e PrfprLpter A% Hi ‘?{}6’ opa
with idchesing daitinsoant yibiarcogentatinahtbe Sbidﬁqulepﬂdetheﬂ’fmy heﬁgqafycmtﬂbféess
type of transistor elenent that the transi st or 100
represents. Thus, as is evident fromFi g { theontact arca 114b
v Spreioptly ResFAont althreab dvFRithie fAontrhrorsentation pEsyils At theygon
and al¢d6ithin{dfegats bledtaae 13, idphistitaiupptieytioss, { vinbveglzivsd opmahpippyactice to further

S| e e Rgi
reducevgee 5, ?]e res1£tan%l # dpdagpgg l%}hfg%u@faﬁg tgﬂ Mrrllélc)?/d g%tﬁg?{ggﬁﬁ?{étggﬁr?lg gions 114 and

thega‘k‘elsﬁde%IéSpr eviously pointed out, although a very high
dopant concentrati on prevails at the contact area 114b

g‘dﬁw sgla{ngtoc al?y thf)ws &age’mc%ln t%”[ &’q&n‘% 160 in'2 er advanced manufacturing

I ons, I'S neverthel ess conmon
stage. e weelsilicige fegioph arcrferme it G 68d Sowes SEigHALY BN & metal silcide

regiont 1hes ?orﬁ&ﬁﬂ%xe 3¥e El@Jt:mlenLIS aTﬁﬁBl@I thS inbth1Gilidide tbgibxhsl 17,11 geare formed from a
Sourc Inr t

reﬁ‘ac’rfliISmei% 3.\5&? és Fog c%%a E‘ta%‘éﬁl’l léatlglhm cf Flﬁ ligg eo?hcgnén Elérggo? two or more

approsiateuretalsr Borb@@ufhatiring fhe metalksiliciel weainesdd . i (ipigelly\pR¢ prgnore metal layers of

spec1ﬁ%a ﬂﬁ:ﬁnesmg gonfdi@él@'depcobﬁeh & a8 aﬁﬁ%rﬁﬁﬁeﬂo&aoxﬂé&mﬁﬁb[ B&RKl as physical vapor

hin the drain an Qur
deposiiph cbel virely Reppengn Qe ﬁ‘é‘a 58 L AP fgass may be
selectélltb . obthippd Gaatichlyextentien ofctha biliddel iegordd 17 ega@wéanielwﬁh devipe requirements.

Althm%ﬁxeakﬁl?{ Epngmf 3O sﬂmﬁé m& 5t¥ eﬁ&fo@é IISSIH;?}J'\bea&mﬁ&%Hesnable so as to

Itaniu tinum and Eﬁe . od fo
mgmﬂe;@ﬁb;eﬁtgp Fhe f@lstéqce fnmge te e]ﬁfpfoge lla}mﬂnﬁ}ﬁi:SF tge rﬁ%?naﬁ gls }:fggvaer, couple
a spedﬂ?dauﬁla&&ﬁ lof 6@ stiidide BRload 119] dince ifdquentiythoregiods1 717 apd 919 are formed in a

alf I t'and the subsequent

%Rm%al:m)(n one or nore net al layers of specified
o R eSS & 6 conf or mal | 'y deposited by any appropriate

deposition techni que, such as physical vapor

d elBQﬁ'lbtt dp?ﬁach& NEM:E ddmpka Fﬂ@ﬁufﬁ&ﬁ%écﬁdnﬁﬁna@l Beluded © shbstastially decouple the
wher ei n

oo S B e o el e g DO Bt
117 isggivten by tle dapthgi. OPrsedioh Thej tryeed deptivl sndeoe theibasis of &y |“@¥}‘1m°wn reaction behavior
of the, & Ltbety SITRI U Snetals DhdeP R Gdd rod Withih LR 9RE sidon M brtlciple the finally obtained
Icirde in the gate electrode 115 may be considered
deS|rabIe so as to signifjcantly reduce the

resi stance of the gate elegtrode 115, a thickness of
the region 119 is, however, coupled to a specified
t hi ckness of the silicide regions 117, since
frequently the regions 117 and 119 are fornmed in a
common manufacturing process. In other approaches, a



tnctnress or ne nmetal srncrae regions t 1 1 may be
adj usted by correspondingly control ling process

wPRheiRBey S, such as the initial |ayer thickneSfus2006/019722
tenperature and duration of a subsequent heating

tmclcn%e fo? glg e\salo su%ic’dte tref%lolnsp n?ag%e chﬁs%eg %%Jn%%l &ng/fco&nlgﬁm% grocess parameters,
such gglppcpitial ﬂamg thitkaespraqmperatyte and flgfetion GFfpwbRAEent heptipg RRAETS SR 25 to initate the
diffustol Of theredctoS thdtt bitkRetd1 S8t @id Silidoh,/théTeby géhaMng tIRAWE &licide Bompound.
certain roughness, indicated as 117a, the
characteristics of which may significantly depend on
delpineeticarite petdciliside wpiewsi 117 ony hiverhowevsy, aersiein reughnsgspigdicated as 1172,

the clﬁfa@t@zﬁﬁé& JF Qi BRy siBrfdaAy Rbenll Bﬁlﬁ&hc‘étaﬁlfﬁoda@\ébdaﬂicﬁ For mstance, in some
uct u ?e sim | ar

to, the transi s
proefi s, P BHAL CBt B IB G5 PR ' Oy TRl D ey vt  more
pronogrd mghaess 3178-fahanivkel siticiden®mpiret © N-charmeltransistérs forn¢dewithin the same

senuc%x@ﬂaor sﬁfcmré:fw diag tRlowmsd ﬁaH& tedd Rk BlatinutdbillAdE t&tr&%f%nggqrwa may be more
m

ni ck latinum siliCi e roughness 1
pmnoa@e%{?f - %15«“5 ARSI IoBFopgFred\o %n%m&h trapssiors; | Qyigg © hegiop: figpgity of the
metal siticif® regiana ME, i.4,tanaighiesy 1472, GZlmlrngayt atyo tv4rebatygsan differéro krmisistyr types in the
same gj'uc&\%ea de&%aaén of lellzétt‘ft:'a afn@tgx's Of e s@x]&ondhctcﬁ" strucﬁp:q 00 may be observed due to

ness a, whi al so vary between different
pronoppe 9§1¢6’r vaf%e Betw?n fiﬁf@remsiaws M%@&@mwaced'égFaéa’dfﬁk%ﬁ% currents at
the draih afd so@td regldds lpﬁﬂ\&fi‘&iv&[ ﬁltlodae tdnenusw it eofuchdading semiconductor devices, non-
g}é‘é‘r L6 filhre devi i

umfox%'utie%I 811 t?er &eta\% gir?m%?‘y geagv ol Fcté gl{j: pegfé)gllpageg‘f aﬂjae J&lge generations
ha"ms B"enfne‘ie“g%?eéhfe@ss tPlﬁfeli‘cﬁfealsed | eakage currents at the

drain and source regions 114. Mreover, with the

copt L nu cal i.ng senic uct o .

n oln o e&vno? #w si %atfongessc Co]}ed ?%Oé/e, the% SRS tg a elecg] If’ci)aeén ernﬁeaél?eg#g that avoids or at
least mdgestiwgfectswéong opmre ef tha tieblgms identifishebors of fut ure device

generations having even nore tightly set process

tol erances. In vie i tuat scri bed above,

there exists a nee 6 X@gﬂgghm que t hat

avhedglloging atesents @ sigiplified dunvamsy ¢fiiles imfefitiv ingrdsf topraeride p basigupderstanding
of soﬁg s{g&@s rtQ:biLlﬁaﬁﬁon' dﬂaﬂst éuInln@:‘} iahave em dthhe invention. It is not

OGNS RLERCTE LR W RO T 4
purpobis & mtsan dontgecon@pts soarEmplifisd ¢drg aoh ptelude fo nheandre datailed Hhsgiption that is
discuWBY Y is not an exhaustive overview of the

Invention. It is not intended to identify key or

critical elenments of the invention or to delineate the

S CORQrédént inhi@dtion Wy Gifdcie® . a tbdhBiqeetha? enaplel fhODANAtiGn $fanetal silicide regions in
h1gh1)p 508?«9%&1@1%@%% %%%8? potn%mng @eo% %J,E lréxJ hé gu hgés%ﬁﬁe fetal silicide region may

SCrip
signifygpntly | bg gedioer] 4 erfowderh nosy pSEvly 4eﬁvénvtpr&ﬁe wih e rsmue@ng gegriconductor
regio Foﬁtﬁiﬁ Bﬁrﬁﬂd@ alvkadal &Bﬁb&@&nﬁa{ﬁen friiBé 40n-ntafiiBlz 8¢miconductor region may
be mosd éjze{:l (?5) I%o%%i% ﬁ?m to comlre o%g rﬁé/ur chq)ag‘f (g-mr? %%?ﬂ:%oart]l%lgeﬁsed do gant 1poncent:ration at
or nemdqp@taahvhlgh Ithegptgréaw egthg ppeﬁthyhcx@ 1ggw1t isdahe foyme[gle The increased dopant
conceﬁﬁﬁu& gtk lighifRbAY ind@inp B eiRsityeR iR ehdal d@fnb MR JodRlicl Jf ¥elnetal silicide
the surrounding sem conductor region. For this
reglorbur pose a vertical dopant concentration within the
silicon-containing sem conductor region nmay be

,gécg}dﬁlg tJ She Qﬁugﬂ{énq@emb%&@ﬂ ?%e g%se‘ﬁpﬂyegﬁu:ﬁ Qﬁ@thocﬁ&ﬂlbﬁs%s identifying a

rarn regions, an |ncreased dopant concentration . .
targetéppth ofia nﬁ,@bqlhcgle gé}gp fp bgformed inp s@1¢9@-cpn‘tﬂnérfgfsg¢eléons1lctqr frgion which is formed
abovel T ashibsté.i Clihel @netdgi farthet SorfipRisdd Efointiig e dlopaii rofila Cih &S eiticon-containing
semchgﬁaprtre I%:%ﬁﬁ%? &{pﬁtdu%f»ﬂ?r%h Sslllggzl l uml% 8%60&%?&%{({1)/ rgélag%n the basis of the
nmetal silicide region. Agcordl ng to one illustrative
enbodi ment of the present gﬁVentlon a met hod
conprises identifying a target depth of a netal
silicide region to be fornmed in a silicon-containing
sem conductor region which is formed above the
substrate. The nethod further conprises formng a

-




Finally, the nmetal silicide region is formed on the
basis of the target depth. According to another

wo bdogasezas | ve enbodi nent of the present invent pefusf06/019722
met hod conprises identifying a first target depth for

targeadéf@xt t@flobﬁﬂh lai 16da8l ﬁxa{n%gxh QFa fd@ﬁanlacogrfeﬁ‘l&aﬂo@ﬁché ﬁgxﬁrhﬁcﬁhorog gF QP target depth.
ecified trangl st to be

F malg’otrh?@ﬁ ﬁ‘clg‘?ség‘%‘rls foped on the isrsa? @%ta’g?‘ﬁiépﬂi‘ret hod further

conprises formng the drain and source regions of the

fi Q\%Jorcﬁﬁqg !ir](orhgldillrgs&%% Eﬁﬁo@ﬁneﬁtyo? Fle Sig%egﬂﬁvg&g grgjl{le%wfl c?rﬁmses identifying

ubstr es W opan ro | SIS
a first ‘Fﬁggttdea?*a@@ae'rwtald@&f'weg%%r Birpin pdsowesseian obp Bt spesified transistor type that
is to m:iﬁomsﬂ etlonsiol lhoteaatpeads. The metlda pﬂr{hexdbﬁﬁﬁéd forhirgfthel divitn 428 Source regions
of th ﬁeftpdgégt& & Bn oxi% r fore futb&a%? %vﬂl% 4 dotpangﬂrof\il\lg &l tgch'amQ Sk the first target

an 1 ncreasi ng O an concen
deP“’aﬁ%f%‘HBh‘i“’ﬁ@“ pRile fs|aﬁ1§$edt“afhgeérecﬁ@g@qvﬂa dirpejtipmnef]the ong ¢y gore substrates, so as
to obid, &r ifkdadiny @bpthy ﬂgin&Ehsin§ d$@ﬁt%ﬁ’cehﬁiﬁ$xhﬁheﬁra9¢r&cﬁ£§jme first target depth.

F mallgrotﬂé r?lﬁal sﬁgheornglox1t 1S fo ?Kglfl Zx?dgsgtlfrzeldg%?n% ! %ﬁpeclﬁedy tBigsistor type on
theb@ES@PHWI@Qt@thDRAWNGS The invention may be
understood by reference to the follow ng description

taken in conj uncmﬁm ollelyy I.ng draw ngs,

in which |ike re i l'ike

el enents, and in which: Figure |la scherratl cally shows

a &hegavsntiva amay bp ardesstopd by forsncs dnthe fllowing Hestriptionsalest g conjunction with
the addbthhyideQirdwis, iOW B kO Rferedfe rBmBRE fibnti®y ke Sleduts! £ inQibich:

Figure | b represents a graph which schemati cal | y

illustrates a dopant profile in the depth direction of

t hEigwe nschemiatimliy showsearsisstegions] viswof & eonfantjenalarahsisior By tor the formation
of a mktaCsilkfB @gRhL] cal |y shows a cross-sectional view of the

transistor of Figure 1 after the formation of netal

silicide regions according to a conventi onal

t eGibmé thuepredentgja peph RidchXohemaetialbyslindtratgy @pant pofile in the depth direction of
the cdnbdnbihhifi kP9 stBn BrEGARI 13T Y dependency of the

diffusivity of a refractory nmetal with respect to the

penetration depth in the presence of an exenplary

C OFigiedtd sciirmbticallxbmits a cedN@adhdl icw Ofthé fringibtbr®t Ei@l).re @ Bfr &8 formation of

metal si!ldn&'e?tgé ik Llc\égrdﬁgﬁ%lm%e naﬂe%ﬁ?@t concentration

according to Iflustra podi ments of the present
i nvention; Figures 2c- 2f schematically illustrate
Cr FigfiesSRQbI xe;r}a;kntvgr@w foR filhdtding@ A8 | Sdosplar L§RRIACy dﬂrtw&fﬁ;swny of a

refrac%ﬁ; Q%i ngcft ur !ang tlot g‘%ﬁ]fﬂlet&p&gs%%rﬁ ? ?rﬁ\e}gw{ﬂ?rsﬁpnventmnal dopant
conceptragiofy é”l%res%qi @nﬁtan e!énsrrgrws mxsmplesrfor depgatswudeitptien acgirding ¢f illustrative
embod@m&RYBF 0 PGl iNentdRVI C€ conprising two transistor

elements with different target depths for formng

nmetal silicide regions in accordance with illustrative

e nifigyetis rAe13f schehaticdlly iflvsege ntossispatiend ivisws ofiladrafsisty relemént during various
manut%&%ﬁﬁﬁée?ﬁlaécﬁrdﬁtw%h BudhhifR SmitRfdeht®Bithe p\‘ésgl‘@énoéntl&

transi stor el enment during fabrication, wherei

dopant concentration is nodified in accor dance W t h

| | Higeet B astliemeticaliypghdivsre nkds-@ttiohdl evigw 68 @ bmicdhdfvk |d0FceOtdmprising two

s el PR 5 SR P o 20 Vi

embodimjents ot pessntinyenfigpiagdis nodi fi cati ons and al ternati ve
f orns, specifi c errbodi rrents t hereof have been shown by

des%u%l 4bSéﬁ( arﬁcagyé hQWﬁ acr(is§ segth %}Q%Waz hﬁa}{siigtg ?nggtodunng fabrication, wherein
a dopagpegaspatration s aodifiprbin desgdpricp Wit iudrativeiembalime sk ihf present invention on the
basis S 6@l BBUnAedoitieh0t | Ntended to limt the invention to

the particular forms disgl gSfd but on the contrary,

the intention is to cover ‘al nodi fi cati ons,

equi valents, and alternatives falling W|th| n the

spirit and scope of the invention as defined by the

appended cl aims. MODE(S) FOR CARRYI NG QUT THE

| NVENTI ON




Illustrative enbodi nents of the invention are
descri bed below, In the interest of clarity, not al
wo embuasmss of an actual inplenmentation are despet/osshos019722
this specification. It will of course be appreciated
that in the developnent of any such actua
embodi nent , nunerous i npl ementati on-specific decisiaons
S5 5 SRR ot Frepenfiireiontraf dtematiye &rps gpecific embodiments
theregfdatesheersihotn Bswayoifekdnplece thal didwingy sddeins Keesinode@tibadrial detail. It should be
undelkgtUgd Hcﬁv%%r,rtﬁit &Ja ﬁgcrﬁﬁaﬁ'}e{eﬁll df cxﬁc {%Uogigeﬁ% IL Jmt }ﬁ?eﬁ%fi ftor 1%([2 the invention to

one_ | npl enent anot reover,
the pagticylag frag @%floewakut sy tp °%P“6Féfv‘é? BisAioR s to é?‘leb?“c megifispifont, gquivalents, and
alternatrplaliing @it the spRit EEARCIPELAE: indahtion WOdehiskd BEe igpbidbdadimd) e

a routine undertaking for those of ordinary skill in

the art having the beneflt of thls dlsclosure The

present i nverd¥BE AR ‘ HBEYVENHAN ef er ence

to Ilhgﬁn&tehﬁé‘d'ﬁéitsfof @bl l’n@éimoﬂ@é dle@diﬁe@;efowc td'tﬁ@iﬁtﬁrest SY/cHri®Bot all features
evl ce t he

of an, acglal lmPlelg%neaga(r)e 2()3(35 q:g%té %}{d gl}ggﬁ evgigl oufss bﬁ S?preclagg that in the
develmwfeanr iesh getead embodimppt mttm@ws vimplemeiatien-sperifictiatisiens anust be made to
achieWbthd debAIEPaR’ Q:lﬁc(?@ﬁ? siiek bd doBlidnbe WilHEydnt-relalNE YRt 8L €8 Bted constraints,

chIéwQ@lvlgrly%}o{nﬁ)?x%gx{p}eg)fﬁt?}xgg &g&ﬂ%ﬁr.e o%;a\llje? Etgmé) ?eeg)g%%zgtécp tﬁat suclgj a development
effortj migls rbei complexTind timseodsumiag bupivowdd ewerthsles ba@rreitine siverdkihg for those of
ordinkG Dl @e Sk ﬁmg@re@edeﬁtto@mrd%usﬁmt o have a meaning

consi stent with the under- standing of those words and

phrases by those skilled in the relevant art. No

S p&lesi radsent! iabdntiont with novobe desdribednwithrreferpite 3k atthchel figu@s. Various structures,

systexggnh Gévﬁc%soz@e stcﬁbﬂatldaﬁya&wctfe@ﬁl%tdnjvé& )?I' o?crs g{' %th%[&ly and so as to not

cust On'arél nmeani n s understo ose
obscugdyle gregent ipwention; e fletils Batiger WHpowe thyose SRldgip dirarty Hgyetheless, the
attached driiegstaeerifithuded tp Bésarive aktiekglhin llluéfﬁtntehﬁn@léﬁ ek prd3éik infention. The words

and pﬁn%geg]u&d hereﬂ Iﬁﬁlﬁi ﬂettﬁxhe%t%oﬁ CLS&' En% g}rtgérﬂd ta have SP&S eg 'a%/ conls(lgtﬂt v%h the under-

er st OO
standlas pf @aﬁqsvor@ &e%phraae@wethqsapkﬂépéfm e tr¢leyant\git] [Nofrpecisk gefinition ¢f a term or

phras§ €b., 4 &ﬁﬁﬂfonl thht #s hwe&ﬂ%mfmecoadmamna Ehs@m idemﬂglam&smod by those skilled
une vocal

in e 0 Rlpd e TR PaPpine P S B Bk B e e vt emor
phrasw h @t@ﬁ@st@hﬂve ] m@ﬂtmemxgs k., lpaseningorthet than that nolepstood byaskilledrpatisans, such
a speéthifdesiiion] Hill b® Expkediy @@?&tﬁ){n iR tsptkifiWitbh i @fin®lORAanner that directly and

sem condyct or e influenced by the dopant
e S PR s B R IR PR agt on. > Thuls, by
appropri ately adapting the dopant profile of drain and

S 0@&1@1%11}': ﬁQ;pQQﬁt iMentioh M aled bRMS anQJpEfﬁéi tﬁ%@xfhﬁ%tm%ﬁ%ct&il metal within a
iljcaon, ki nemati c_behavi or during chem cal

doped SRR SPr £8P PBY R R B e foppoE pree P B Empebpie rgion. Thus, by
approphawly’ada:mdg thodopaeprofile off deairsantegyrdd eeglond df tanised fdr@eddatitaibasis of silicon,

loH%a%c 9%1@\%1' ing afjﬁ]ta ﬁ(ieaktwn%rf Q&&I\éﬁ?ﬁe Iegxgnslmhgldr%m and source

I Clde regl on an sem conduct or
regions @y &% 14§ t°d®ra@trm H&fsseléfdf%% iptepfpray bermyn e metal iliside fyglon and the
semicOmu@dr rsgldn; brels rbdmhﬁg’ hryGRletericsl Gfft8 It maAFbd Gudde B¢ fkbieglicide interface

mugh}!;%s@ ?S1E§ets<?r{b§c{‘v%& fgrencf glﬁﬁ'}’é’;‘{’. 6nWt hout intending to

to the follow ng
explanatlon it is believed that the diffusivity of

r efvicRsat Richdid¥ab %sm&ttw'ﬁes% §REdRotoThEB iR e@!}lﬁéuon it is believed that the

al.l i ne se cond nis SI nificantl
o R SRS 2 bR St S o s sniscon
affectgghheyrthetpirsendoqs depagts, amphrtichler whed theddpauty/andeie adfractorg metahaoms may exhibit a
similaf ¥ithBlily WithinStd bdnRdonddbibd }égibﬁ’ hifd¥e Wgﬁn&&aﬁo& N this res?]ezct, diffusivity may be

sem conductor region under consideration. Int
respect, diffusivity may p ¢ Page 6 WD 2006/ 130375
PCT/ US2006/ 019722 un’ def§§ood as an averaged random
di stance an atom may nove within the sem conduct or
crystal at a specified tenperature, for exanple,
during the formation of a netal silicide in a
crystalline silicon region where reaction Kkinetics




In Figure 2a, the situation with respect to a dopant
concentration and netal diffusivity in a silicon
wWeosH8U373 S depicted in a very qualitative andpCcT/us2006/019722
sinplified manner so as to nore clearly illustrate the
uridedd&d R Ah Smagéﬂ&Bﬁ'doxhﬂlsaﬁclelaﬁ VRS rha) kY Qxﬂﬁ'l hé SHidohduaBL crystal at a specified

tempg'gtgrg %r e%}nph,] gurglg (t?nC %ﬁ?nsnat%rr]l o;’ :(i) ;nrén ﬁ{&e ﬁl a c&ﬁaléxg?]ﬁltfe{x ff’an where reaction

ons W 'eon- con
kmet’ésr %‘tfﬁﬁnﬂy Prpgmsh aarthe tipe of metell uéedb'ed meketmsnewme 4t fwhich the chemical reaction is

initialed. ' TR 90 9&5&1&%&‘ ditioht® ddphREin 3R siﬁ?&b&%&ﬁ@ redcmﬁgbéé@ fbr fobdMe metal silicide

may, H‘}(‘%§’ e,r]at SJ llill 1 ‘%@‘ﬁ‘i‘"&%ﬁ?’d ecdt&%oﬁtqc}?%%r SIII}%% ﬁxﬁfl oggle dopgnts and of the
refracgquy metalAtonwaylan brabasadanisvhstaytiaiethe erg®ntystal-spagific @bhanisms, in particular when
the re&RIOLRRASth QRtBthe FRPRBRLteRPRGARTS aasﬁﬂnﬁpdﬂ&sion behh (3' sfiiGnd

depth direction, indicated as x and plotte the

hori zontal axis. As is evident from F| gure 2a t he

dopalrigurec 2 the i3itwation with Rbpedt ta erdOpadwh&&mrahoIEan,d rhdnd dlffuswlty in a silicon

crystad KIaERAGAR 104 ve?y cﬁixﬁlﬁﬁtﬁe Q{d siipfi&mdnind Eooag 'tc rh H&gg % )ﬁ}e mechanism that

b QW%C such dopant atons

is bel R Hg e aﬁg‘aﬁ"ag'i tff?th e U Progesof f?rqnﬁ% rneta%mgs)deoremm w@@ a silicon-

containing tensicooductoesBan dldwgver,dOfhaild beandEtiol thad, in@épedive &F the precise mechanism

ol S0 R Ty Stk LBt Yty R on B dovice
10-10. Hereby, the depth x3 rray [ nd| cate a target

defatHiguteola, aftvel Aty fqﬂaﬂﬁub@} Mﬁﬁnﬂﬁeiyﬁhal Sd)dvérﬁbﬂﬁ dopaxﬁ Qoncentration with

h [
resPe{‘H d a%gtﬂ 59 ke nilﬁdlgartﬁ% ét%‘l1 d\/pe‘f y r epr egﬁoﬁ{gl aﬁ‘sc&s? 5‘881’1 §pm §isure 2a, the
dopana?opfeaww 3y 259 deathr i ﬂa@er@pgpfﬁém or sofce feginn, ds thdderately high, such as 10%

dopanfuitym{ ey @Bic ﬁérﬂﬁ&&‘é wﬁ&ﬂﬁé}t erJb'ignmdzfnﬂfl &ﬂﬁn&b&sﬂ{xg Hé%ﬁi} §cQhht a corresponding
emat | cal

dopanpconcenf_%aio]% atta hpeecl %tg I’xblﬁ 1%abe§ 8& c maey Ch fnay, bq somg Prd S oly magnitude less than at
depth 9L 1D T.ed’. [HRDR 3B defHRAh iktlicate d WrdeNdbpihi& ah RidiBdei bR e@imetal silicide

cide.region in a hi Tﬂy doped source or
ands%ogoﬁﬁréemﬂrsmﬁﬁeémfl t he presence of a high anount of

dopant atoms at the surface, i.e., depth 0, the

| Nedryedt HdFlE’lil‘éJ sS4 iﬁh} Muaﬁtatnteﬁereﬁ?skﬁla &H&B&dﬁ?)&xfﬁﬁww of a rﬁfratctory metal

ei.n sh appreci ated t
vt 055 B Y PO rt (et 1 PRI Bty BF spramlngime B may
schempticplly| repatsent the didfpsiyesppd ebwckel fat a Spm& pro€ess tespecduraduyingthe formation of
a mck&@iﬁ&ﬂ&e@bﬁ 1@9)(1 1§§'I ﬁJp@@ﬁm’cé Skl 1@&6 pGSto ﬂﬂzgagesénpg £la 'héﬁ amount of dopant

rat el w di ffusion
stoms g} i g 4o A1 Brpgpi défﬁ*é%ﬁyqu Sk s e R cRerleigy ow, wheren
shouldsteeppteciarddahag cantaia Milyictiatipisi off kHe \diffasies Behividr lofithe diddal Q615 My be present at
depth b %&h%ﬁ L Qhselt '59% HeRe HcbMGlied, MdQnd 1RE gﬁet t‘égl}ef}x'mdfr'ﬁtgﬁ 10w diffusion

t t
et S oV b e o S At s et o
the reactier s b girick@[ihth thet iifteral) AL flbipathd thtthire&tiBE x0RRARbLSanf@Y the same
moderatb %gétifoﬁ %ngl lI—Yowegel;' ovp 15(.1:1](% &%’ Xeg&efgng (éong gefuﬁ fgth? fica)gr?%m%%/mgmﬁcanﬂy

correspondi ng si g’m i can
drop, fhpreby iesultipg: in 2 corresipRdingsignifisant ingipase fof the diffsivity 106 the prietel agnisyso that any

ﬂucmdﬁbﬁﬁﬁﬂdﬂylp&s&nhﬁ theﬁﬁﬁ‘dtlb@ B’OI{t ﬁﬂlﬁ}tnomy “HONERe dudfiithd Lﬁr@ﬂantly increased

PSR et o e
may he‘fe Wﬂé up gng @Sﬂ)@ rdnplification iffedt’ kdugdddy the dratticallynipcrxmsdereaction speed.
Accorct?x&gl tb tthe PRsétByenfon! bhl%dlﬁ@r@bdnt LoR@htrdRBn @fllfbg %Etabh%&l B dcﬁtaglyan increased

d rasti cal Y, ] ncreased _reacti on spee Accor
°Pa“‘t°8n°F‘H‘é“°&raé%feah{e ARSI Oof e Feeeat depth & cqwppagskto the dopant cBncentration as
shown goFigen L4, dicreby) alwd inbdifying @it redotidnsteratiot Guriap thdisilicidition process, which may
result ih B ﬁﬁtﬁﬁ’cﬁﬁf} red%w HEnnR Gﬁﬁé&l&l&tﬁ%ﬁ&@e e, OF &t least in the

vicrnity of the tTarget dept , conpared to the dopant

concentration as shown ipdockl gure 2a, thereby al so

nodi fying the reaction behaV|or during the

silicidation process, which may result in a

significantly reduced roughness of the netal silicide

front. Page 7 WD 2006/ 130375 PCT/ US2006/ 019722 Figure

2b schematically shows a graph depicting a nodified




respect is to be understood that, at l|east at the

target depth x,, an increase of the dopant
WO RneRNrAtion is present, when the target deptirus2006/619722

approached fromthe left, i.e., with increasing depth

so that at least within a certain neighborhood of xs,

o9 RosRRHT R S BERES h or e « scon
contaeltslﬁcse'nlmdwom regignt Wit eespyeicte the dephieditetjpn hx alidr & cdriespandingi difference in
diffusivtg af ﬁQﬁ:@foryDrﬁetél Eha{ xlil% Bé'a@ﬂlé%& doe ®f thd Q@dxﬁe@ ﬁ&ﬁ}xt ch%gﬁulguonx Here, curve D

e Vi ci ni t or hear
reoreigls Tt o lE08 A0 Qi P TR €GP o gpased dopant
conceptpption i affn@@ld athapt the targetidepth RS §t shdubirbe apraéciited iaethOfotibdténcreased” in this
respedt RG&be ﬁ@éﬁét(md @H& Qt lgaigteat o6 aﬁ%e{ RPn kSR iEIGH e b gt cgrﬁ‘g tion is present,

when%ﬁt n&? O & Concent ratjon nmm
%f%eﬁ f}eé’ﬂlt’is &ﬁa?ma& i @st e lefh LeoYHith orprsiae AwHtse that ﬁéﬂast within a certain
neighbpgtiopdef x;, thealppant concetitrariont il@easts &/ith intiyasing Seple am bthdr ords, a local maximum

of thquﬁlﬁtrcb&@nﬁn&ﬁﬁﬁ]bespéc t@%ﬁ%ﬂ &‘{R&{%&% gg}acalfl._:z&% 0y ﬂ}e r\]rfc}nﬁy of the target depth

target dept el ng T ocat
Xs: Hﬁfbgd}‘fe“%ﬂ it} e VigiRisi 81 “npascis fo bewmdertiopd thety dtg@nqee&tm loet! mxlmum to the

target alepplie putihledsIThani antiitanédt e dhelTycabundix@itintto theBEEEH x@prEs’aﬁtﬁg ltl@Qiéﬂth 0, where a
maxum(&oﬁ%]:dng'engﬁgﬁhgg%ﬂe\ﬂ*ltu? onvengongl dteXces \ Qrﬁ? %nar ? nts, %l% notion “near”

| St anc
or “inthg Mgty demeant ty despribe g fepH ?f awwvwely %B@%Mb the ¢atzet dspth heing located at

100%0F & temaipR, ia Fighdd eb, naragedl 1642 Biaﬁmiim nfaf Qem)Jat%@ at afdpth A Bdicated by arrow F,
w18 by, 0 5 e S i G B o of e el
maxinpugnsty dhet targey depﬂu&paﬁgmﬁcem}ydesn Eomeiicd o the distape of e taegit depth x; from the
surfack puicA| Vg o Mep@l. Ve D, wherein qualitatively a

noderately | ow reaction speed is achieved, which even

drops upon the respective increase of the dopant

c dreenk r ehemeticallyl wepresatsr thel Loarespabidig Ursdctidnt ypeedo fwith éspect to a dopant
concexftﬁfld'naa?x Hﬁfeyen{éﬁ tRlins @40 BH curbld S\a@ﬂ}éﬁgﬁﬁl%moéj?y moglkk-attélﬂog reaction speed is

achi ‘L g{cgatl ns of the nmetal silicli

Ve BEERRET PP%PP"%\ TePRef e incrggse of g dopapb ppogratration) feetg refiesd diffusivity
of thetrefragtotysmatad troinm g Cosbuesily, mfy initkt fn@CHGR bf HiRakdt! GiliciSPRAE may not be
substaﬂ-tﬂﬂﬁ i‘anﬁ)ﬂﬁ’edﬂﬂd% ﬁ'%bén e lngﬁcefi T 'I%oloﬁﬁ(né* Qﬁ’ect & reerg&illfe?l reaction speed.

roughness. and nore we nter
Thus, fhe grteta} @%‘Féﬂerﬁ%‘gm%}' hibth A redagye mglaleSStahféﬂwmt giete velldefined interface to the
remaiditg sBib@utgibnaethappetdeptiat.ed t hat t he dopant concentrati on
and the diffusivity D, E are of illustrative nature
on{% and ot her dopant profiles may be created in
Purbbsceprogiated thahibe dopan sppcentrptipn ard thndiffilsiity DnE tx o€ ilpstrative nature

only amlbthee Gophat pdfilds ﬁib}&ﬁhﬁﬁ@d inG&oldincs t’mﬂ\{hg Jeﬁﬁﬁ%% ngor instance, curves G

and H C%nga%gall rsl?:];v 6{:torerc‘?:’s‘pclmgmt 0] a:gep gpe%‘mréete c%?t{l gﬁrelc téaé nﬁa%:lﬂ.g)rqe ée;gopnate for
forming g mgm.ﬁs@.}c@e ingsefagdeiin @@OmﬂEFd minpers Fehould bb @otprbthe chetdh@tit concentrations
showntlhl @1@&%”&%3 RAe QJ‘ t l'sfible AidSant %QM&VH Gi Setifed %Bnd t}a type so that a

corresilo e {) g ant %gecl es_having a speciftie

Spc’én fstsﬂ Sf"gibaily gomngt by this pelecdopah Sherigs- pf%f“i‘sfaéce* @ N-channel
transistoyoast lamheadﬂv M dipddeirain ané sbulyy regiohswishi omyl atheglipfbetimount of counter dopants
in the ﬁ@ﬁ@' o?ﬁe tafp de HLl a0 Qf?ect ROndh (ﬂ) aﬁaﬁsg be %@%Xﬂble at least in

& heavi doped drain an
¢ "‘°6‘H‘1Y;P éhen@’éF‘ Y% porh e‘B‘?"d‘é’tﬁ%tb@We‘Gb ﬁ%ﬁw‘gves iTh GH& may represent
“accumpniagi’hdopant ﬂhcdhhﬁxoﬁ m’n@ﬁblaﬁigp&&or)inord di@er&ui foﬁ heci whibH G4y Hale the same
or dlfférgﬁ? coq 1%( éﬁ{” I Wgyth ocoxt'kn)ceergnna tg%at g:e Qar@% de; Ithlé Fen%; £e achieved by
prowdlé%@mlﬁwlgt of m@@}by cpipger @qppmg ths a@a ar@nd Ehetraget depthixom@nto achieve a
moderatelC DWwlBikai e dopakt QRRkhtrab 6l Wit fekdlti t9 he Ce‘ﬂa@ﬁi@ﬂ%]ﬁx‘i/fop QuntidVill having an
or nore different ion species, which may have the sane
or different conductivity,dygpes. For exanple, the high
concentration at the target depth x, may be achi eved
by providing a certain anount of doping and by
counter doping the area around the target depth x, so
as to achieve a noderately | ow effective dopant
concentratlon Wi th respect to the el ectrical behavior,




Wth reference to Figure 2c, further illustrative
enbodi nents of the present invention will now be
wolemerniisesl in nore detail. Figure 2c schemati cattAs2006/019722
shows a sem conductor device 200 conprising a
incregsuddriparftadiceni?libn winliesgact MBdie foRAT RSB of @pht ARRY RPYoldleQnit and thus with
respegt%)ﬁxgg gt%nfth%rchéup%tﬁé)?%@ar&e't Qseé) {ort% %orma(tlxon c?%?n%tgllfgxgtd? re%ign Thus, unless

sem conduct or ahce,
otherysq reqiigd ip dpy deswintionzang i the spnen@é ﬁlagr;;b@v petior “dpaant aeroentration” is to be

undefsi06dE8 the Mdteraieatifiper portion thereof a crystalline
silicon layer. In other cases, the substrate 201 may

re resent an SO -type (S|I|con on insul ator)
jthreferench 4o Figgre ﬂerfm@l@r dlogntveaambidiwentsaef] thrgpresant érvextion twill now be

descr&@&ﬂ&or@dé&lﬂ' |1{i§bf‘b ﬁ%%&hﬁ&ﬂﬁsh@@m Q&ﬂlgh@t:t@xr delsn@é/ ﬁk) copifing a substrate
devi ce

201, Wﬁ;ﬂnxg f’%' sexg P AR Pﬂ)pr?féul?sﬁg? éa hﬁ éona:ﬁlo}) 8 il ?1} Igﬁed sexmconductor elements.
For instapqgcthegubstiate 301 shayrrepeaeniv bk silidoh enbsitatedibvigy ferm2@ dn aniupgger portion thereof

a cryéleuﬁ' sﬁlcéh @jek.] GOMRF ORLAIND kibSkraR L3P GRD %Fegéﬁ{ ?JA ﬂ%{pe (sifkoftBn insulator)

btr #g n,active_  region 212. Fored
st g 5l GV inpeting e dnok giep) o lisom i pepeapdctor layer. The
semicowiyetpradericde 2000mytfivthen@inptie a traegstar Rledi Zhymélucg%taﬂ isolation structure 213

forméd%ﬂﬂln%é sg&trllt@ﬂﬁr i 2 ]vﬁthm'% sﬁnﬁp&)ﬁ!am.%g génﬁ cg.\l\’]} ftaf‘er ? %sr@ Qeﬁne an active

| ow t he agat e | nsu ation ayer
region, %I&ar ppird B e GRS T 2120 DR SIS 25 YHSh 5 sgpaglod from the sctive
regioa?ld bty @ighte tnsul@igh GG 288, €A tiant2Erefion PR ds fornMdd bElow Gl g?]te insulation layer 218
I r. acent to t.ne ga
and lgtlérélg?%g Hles s%gﬁchgaact&]'é%arg lﬁ \J'hgcﬁz;%?p 8 in 8 sourcﬁ r\?\%ﬂs age Eo be formed.
Moreqiei, CHETFIoB FoEiSBS 214p are Eprgedadpgent tpribe gaty pbodei2iivbish ey fave formed on

s1dewdleiei"bod¢ﬂ's€tG§chﬂ2 6a. VU3 @@ flmalbﬁesd‘ﬂéﬁtﬁ'kin@étfoﬁ & tWherRinhel d§pth direction x is

substa%Hgﬁgggoggx%i ¥v1¥]he %Sé{l (r)gae epsucéate ?(ng}a% let ﬁl %epth direction x is
well dgfiged covengpr any $l§face\mplogsd@¢aieﬁ ebpve év estfatsr20 hewying the faarpacturing process of
the d&ﬁ@ﬂi@&)ﬁbrﬁﬁsﬁﬁ&e&ﬁ% ROQNR of’ e smﬁbtﬁ&tzbﬁﬁﬁy b’)eQQedcw ﬁéﬁﬂ@tb& Qrﬁmgonahty of the

act i.n roces
depity B E & AR BF s of e Qs & BBty eamow it s to b
undergiendfhat en derfdsing déptheis ormsidargloasataiting froh atsiudace pkefidnsuch as the portion 214b

with \Qlué 6 Gitd ddBctet int¥ ik k2RO C(InQeq Béﬁﬁy %ltzg&t &Ethtxhxgaﬂg Q%ﬁ}led as the distance

I i.ndicated by the arrow, It |
of the d%ai F@E&d‘yﬁ 94 defied el gegfers oh? metal siipids reprig bg §ormed adjacent
to thegh@relertroge R150 it showldibé aypeccipied thatohe “wgiginh ofitie tdpth daedtibh ®May be located
above%ﬂedsgrfacx\'z f4|B VV@L He?m&ncﬁ@tgr &%&CZB@ Qe ﬁchgxgeryj %q\%“iﬂigﬁe ftﬁh%%on of selectively

ﬁ . Consequenily, a target %
epitaxfafly erg vy f%& and dagin tepggns; 45 Wil he d“é‘mbﬂh'e d@nope1detail ity refprence to F igure 4 later
on. desired position of an interface of a netal silicide

region to be forned adjacent to the gate el ectrode

215. It shoul d be appreciated that the "origin" of the

debtvricgprosest floyniox fopmine thesemiserdueier dexipriAPB at shewsig Fignre@c may comprise

the foﬂdvﬁhg pr\M’éﬁk& Sﬂmtﬁm&u@fo sierdinke $n %&Qn&ﬁ@acﬁ%gls!@ﬁ Q%ay represent a

sp€=c1ﬂre<(:!:3 g—éilnsm %Pg rgl%hfaso ! 1aﬁme|1 er&ns%ﬁ)lg gzg %g-\é%#eﬂ nﬁtg staraéal al E;é&ﬁed transistor
dlmenﬁl?PSrPB?héiS al efttfalpltgm zaha width,auspacified thiskressglithe gate ihsataion layer218 And the like.

Basedto)iﬂh&d&nc@ Fe@ﬁx%ﬁ@ntj l)fQE\é traglﬁlst&o.flm l‘ﬂg ta@@?de?ﬁrﬂs Esos@fgél&i 3/ obtain the desired
I S

deoreap O AL P CRERUE of PP eiB b, 200 o "BRCiDy it o te overl
contac} rysigtande ofithe drain agltsbwee reggis GnbeXbinetitiythé RqmkigtGreltined 210 may significantly
depen&&ﬁﬁé fybee& réﬁra@t% 'm%&iﬂ[?ec{ %Pﬁ%mu?g%ﬁ@méﬁ S ? E&?ﬂxﬁ %le tar%et dea)th Xs. Since

transi stor or tranS|stor&ﬂ
the ovg poagse of e H@ﬁgwro?ﬁ% mayglRorpiegificantly dapend)oa ﬁgﬂhahtyapf ¢htinterface of the
metal silicitielfegioa ttapieabitina4llytfdiinedkad &8 farddf depth &, GaBuFaBiSidgPtdceses for the device
| ayer 218 and the |ike. Based on the device
requi renments of the tranggdr 210, the target depth
X, 1s selected to obtain the desired decrease of the
overall sheet resistivity of the surface portion 214b.
The sheet resistivity and also the overall contact
resi stance of the drain and source regions to be
formed in the transistor elenent 210 may significantly




with reference to Figure 2b. The formation of the

devi ce 200 may thus conprise any processes for formng
wo be/130388 ati on structure 213 and the gate el eptt/@g806/019722

215 including the gate insulation layer 218 and the

200, i?ifpfaﬁlahari%gsﬁ femp%%lvbﬁnm AR M Sdhirce regions, are adapted on the basis of
st abl i shed roce S techP utgs s.are al so
Eeﬂ e flept

the ‘%"&@Pﬁle‘ Bed a@vf“t‘}’? r“é‘f‘%"FE"r"r gopgn) Peft dirqetign 1 4% ¥ &y instagge described
with reerencertp Figme ab.i The fipmatind o€ th2 26¥icer@80 riny thme cdngprisesgly processes for forming the
1solafroﬁ1%@&cﬁlr@219 Qﬁé‘ﬁl& g&@&&:ﬁgjerﬁg hl@ﬂdlﬁgeﬂybzﬁeeiqsuta% 15%?2%8 and the offset spacer

formation ext ensi on regl ons erea

216a; %a°§‘6‘?réceéﬂ%dtﬂlﬁﬁﬂ’th§‘ed amfeasprc&rmﬂrréraﬁﬁr a‘é‘hﬁ‘?é%‘lb dp‘rﬂts!défgrgm to Figure la.
Therdafigt, anli@ ippladtaionpicds0228 Gialy Yajesfolntae tocbbqa@ atdSpant doftiettratidherequired for the
forme[tiglg f»i{l& e%éﬁl’s?on %‘?}o 95 I%g. ’gﬁgegélelc‘ tn%o}ne %Sbr}(]hments rgr:br%péd thermal anneal process may

t1on- uce
be peffpi@ed e Bredersets iship thy rapion e pRskalsa geciypfallizel narlerahgm@'eed damage.
In ottef érfboditnbtts, iR aAmEl paraednfe 1659 BP péifoie in ABEr Fae! ﬁﬁéﬁthé Rﬁhﬁﬂﬁiof deep drain

and sgtnc% 1§ {ng e’h} esf? gr | a e s acgr ef‘eglgntse Ilnae ormecp? we tabq?hréﬁ geposmon and

STt1on and ani so
amSOtf@%qﬁ*ﬁhéﬂﬂ’@%queﬂzl gure 2d scherratl cal |y shows the
sem conduct or devi ce 200 after the formati on of spacer

Etlgure Eg ﬁTIJIZI%%F%I&VI Cstgxélg:gndlg l k ragﬁ % @go%%n er elements
216, 'almeh agtAy mléantarlelgm@hsduémn 1¢mm9hléatem¢ssrﬂ3h for farining ilegp drain and source
regtohsrmh antb bdbdided, K8Yn k?xﬁplﬂﬁﬁlf)@fﬁ%y 8s p@foﬁﬁeﬁ @4 £single implantation step, in

antation ste WhIChI ation
whily Ao S, i M YA ST oo B O 1 sy gf the tarec
depthtxh €Thba e sveie peneratic dgpsh of threipd iknph&auoif RRiswithiréspechte ¢he dopent species used
in thlp ﬁﬁ})%{aﬁ&n' ﬂ?&esq %{%&; IBe Qéterﬂxﬁgd éu@fpthétrm L@RLS@& h&gnt %&;Leﬂﬁ‘aﬁolﬂ is obtained in the

pect to the dopant species used in this
Vl°1mtyrﬂ§ et g Br o“c@ggspﬂwg [FePropsipte r“’i’ﬁ“’t‘i‘@ﬂm’s‘tﬁ‘ﬁ‘ﬁy for Zhe dgpqnt species under
consiilengive ase thadiy@ndetenindeint thabasis f wsll-edeibhshaedmulatioh valculations. In other
embouﬁn%fxtp 'tﬁeﬁm@fmﬂhﬁg @erégfltl 9@5%%69'&1&?’;\ 819{? %&%gﬁ Y s so as to modify the

Prla an ation’en opant
prefyp i %maanrrmﬁ dppgajbed e‘m | 1y opreerphedigenty %@édlmaltlﬁ@mtm step
may ﬂl@&fcﬁm&ﬁ whidhlid desigdeabdl nhoiﬂﬂﬂe ﬁbd’ﬂihg’ifr isbBeqBdht Edpladthtiod & the fdimation of the

deep %}am and sc%rr'é% V{ggxc;& 3543 ’therege cxiea % a{“d%sue&) H c:% cF ggf)ﬁn %gncen%%n at or in the

Ion steps soO
nuﬁrmi "ﬂsteyarzeh éeptwer it Oéar en@erlmmts pry agflitipral mlatithr@nmmesrbea@rfomed on the

basis 4£5 Gitrbrbi dopaRQYRies, Ihich E}ﬁ% 840 Qi sHlRI Y 2 dBReredflebbduc@ad ype compared to the

dopa o 5 P CHBSALTT S o R g end sowoe
regionsi?¢4. f Kor Pmmple,ra d\)ﬁant {pecies g pe Wedforthaiounatonefdle deepgirabrand source regions
214 tgalétxmtlta QF ShAVick G A cleRg &ﬁ&wﬁi? Soihyfatld ied) %e@ﬁedryd@m Nfhich may be used
subse ent r tr:mgt?oata glretgleg&ﬂsla Fe]glé)ﬁ%/ 1I§C Iegiilﬁa%ﬂxg s?tﬁrcﬁﬁgtioaﬁg 914. Thus, this dopant
specigs mpy mvta ateihoad offeetpn e yiffogvilyef horfretrionetil kethat eSS amsplififation” effect may
be soﬂé\;ﬁaﬁgs‘g B;on&iﬂ&ﬁ Wher&&%be@lﬁelesy\’{tﬂe %om@bf JH@X @echﬁ%o?{@ec% hﬁrmg a more

ferent conductivity type conpare opant
pronogﬁtéq: plieet qnotheydiffpsivity ﬁ%thﬁ) feére(écay ﬁ:@ta je. Shfﬂ?g%?{ sigijer dlffusmty as the refractory
metal] B e fartlieDdmh@icePe fniiothing ket dfyhedMicasetl Aepatititencelit@tion abdtdn the vicinity
egian 0 e

of thestﬁggt 852)31 ffj &ﬁ§en§%(§mn% 't:% %1% &O%r(mh)%nt é%cg&g%n&tfﬁe% gnng chﬁlmgi@lé' type so as
to actraég Faypier dOB@K thergbix redigiag Bie { deciically gHpotive dmapvoeﬁe#faé?newbﬂe on the other
hand Bbrbdsii the hdnial GRIP ShEAtrdtion, WARh ScBfak 2RLG6Y d0BErating mWdHiat h

may be used subsequently in the formation o% net al

silicide regions in the drain and source regions 214.

Thit should b¢ spprdciptechthat isome pretwdimayts theiipe irgplmatierc??d, pefffraed as a single step
1mp1a9t@t10§1 e odiphididStwd lof Yor@ findlvital ﬁxﬁ%ﬁn&@&ﬂ){t&s oF th@ lbasiQf 1 8dme! 7 Gifferent ion

anplification" effect e somewh | ess

pronounced wherein, nevergge{ess t he |ntroduct|on of

a second dopant species having a nore pronounced

effect on the diffusivity of the refractory netal,

i.e., having a simlar diffusivity as the refractory

netal, may even further enhance the snoothing effect

of the i ncreased dopant concentration at or in the




species, may tie aesignea to ontam a nign aopant
concentration at or near the target depth x, so that,

wb 0dosA3EB7yen refractory nmetal or nmetals to bepos@d2006019722
a subsequent silicidation process and given process

specxeg 91&2 IDE &eglgfzfu [J &@m{ agrﬂ%n doégﬂ.k &H&eﬂ&dt@ﬁat%ﬂzﬂeaﬂﬁé’ta & depth x; so that, for a given

der | antation w_t respect tO .
reiactpgnast B’S‘Bﬁﬂ%‘ﬁtbe w1of 17 TBPRISR T oGPy AR BUFLPRP<ER EPIelPs: e fon
1mpla1ft£tiaﬁl 22 1inSay 5¢ @Rdidered ad toyrriers inpiaehtichOnith. résped tb e subkegueniilicide formation,

since {hnpea&' nltx g&}t (Psrl §ng 93%&% lo&% dovxtnheAg&\(ﬁeQﬁ'{&glg%atM rog:gs 221, the device 200

activate an

may hemplabtoastl@tanteur POtERLY the dmmtﬁ amrmr?tiﬁrfiug%% thé‘mztﬂ‘ sggnoe 221 and
possibBOsy Shelinplartifion 10 (Fighd ANt dido diddbryshiligd dafagd@)usedcy theddysimtation 221
andzfgo cure crystalline damage caused by the inplantation
and 220. Figure 2e schematically shows the
sem conduct or device 200 in a further advanced

n@?ﬁ&@ﬁ ééﬁéxﬂlgcallﬁ tiRae thehi@ﬁ&endﬁct&r&héﬁée w0 ik foﬁrﬂﬁnt &¥vdhced manufacturing
soge. Bty G5 o ety P O BRAPeRbysd BOIEER 4oy B 22 of

refracory matal exayrbd @imprised ot dne a5 mpie eietals, suclodsanlickel, qobaliafifaniyp, platinum, tungsten

and thQ lll@:t %ﬁyﬂéﬂ thd HRPSHERy b@aﬁ’nphféﬁ of twh &r m&@ﬁlf)—@iy&s Ir hﬁfeﬂeﬁl‘&factory metals are
e conpriseg or nore

ool PR B EPERY i fecafegT S s gy mjeig] g formed of a
comp@AR of vy db @nopr diffirahe chfragorp neialig | The laagre22 frpy e frfigdom the basis of well-

establi%ﬁeﬁ @ oﬁ»mﬁ&f t%ﬁg&]\%% YoudhEds %Luttglr de&w&ﬁtgﬁ dt:h@HCncaﬁl vapgp&@&%g (@&Dél and the like,

erent ref raCtor netals
Wherewhle}@eqs oF 879 R el 6 B AR e BERELAgpih S s o fifessof e
layer Zb2 pOsfficiefitio A& ﬁilrhtﬁﬁqn ofwetal diécide dond telﬂxedegnm gépthi xgNCorresponding data

with rgsg?cgl C !e sxf{c%ﬁj Q(;u S @ci%l’ Q é'z f@(gltmﬁgg)césp @Tﬂl b %r moi@hrgﬁ'a%ioﬂf metals of

ness I's control

interesh angy de @btaipgfeon; ty geéts Oééﬁm fyus experieneds and e ik E‘PGFF@%% ¢ device 200 is
subjeckdd@o a héii/@efam%&amﬁe‘é sﬁzbﬂfi@d &hﬁﬁﬁns ttint &l 4 §esifidd@eniporatifet and turgifon, so as to

mmat% ? gfgs 08 r?ﬂé: t'hd Geg? per e(tié,(g ! t o?&[@% ger),{zz% with silicon in the regions 214
and in'thecepts ghmd@its I@imhpman@ley the fermmq abpetplsiigideis ﬂwg?th elepiyade 215 may be

decoupléd ﬂ@ﬁ & cE&Eﬂoﬁ&ﬁgoﬁrNceﬁ%laﬁ)ﬁm&f methl RIEHE ft thd Bdin B dbbﬁzéite@ieﬂ 214. For

IR ST T N ——
is protectebdunagid subsedent siljodationipendess o Higtrepftansthe cap fpyer may be gemoved and a further

layer o ?e%’aét&r? Oncko£ ARG rb@tdé &ue”an&ddél Fthdr QlemiSR 1&StidnOmay B Inkt@dle® in which
th usi on and yﬁ% he reaction of. the refr

act o QI( 214 ma
substapiafly the gate qigtradg 243 isyasisoteg, il p roagtisn I fhepdian PRYIOBTRS "8PH y
substagtindly béretidead @ateprehcmdir fopdel B silitide atl kesrto ghe avgified dopardh eoncentration,
whlchfngagr @%&h&g }QJIO | fﬁr'tﬂef ﬁn&ﬁu&%t’%%&@&ﬁa&lfﬁ)ﬁt l{eﬁgﬁ tl%:’e{?get depth x;.

ecoup froma correspondi ng ,e% . 4 thus th
Thus, fﬂéfr %‘%5‘3%4%?155%3’ fereife 4 AiffprRw *a‘?t%lswm&ﬁ d”hs?& B B ?"é‘@tf°8r?§ us the
dimengidu. of the fespebtﬁs mariGRicidamayagabdtaniidly bé deoduplet frova Jhe n@iesgoading metal silicide
n e gate el ectrode 215 so that the
reglong)mte e so‘}gpeﬁ%gsﬁps protected during a subsequent
silici datl on process. Thereafter, the cap | ayer may be

I eONE fblISVAARL, 3t f Wbshies that.I ay @ihcl@eftloii @fotRE EsOdoyhmidBlly Perforlyd for the gate

elech-c?kt)iﬁ ?Fﬁ %‘?é’& regfoHsa%l\]%I @ﬁﬁou e rbg?ﬁp%rp egl thﬁtﬁl%penal%l%o tlga ;ﬂ%’c?rgl used, different

proces2 IsBatpgies arhely st reqhiredah Fbremaaqce apebaltotnaﬁn il tosien bagidreatment with an
mtenn%&lé{é Sefective gdcﬁ)é?e}; f&lé}nd%g norStdR &k 88tk & 2 ¥ thBsfrR M Cosdic dli@de from a high

previously fornmed tal silicide and due to .the
ohnncr?aazp Htcéﬂlogabxaﬁ Phases FoR R ?réltafegﬂs, a swﬁlfe éﬁa ﬁﬁgnent may be appropnate as is for
instan@d tprdadei foraivkdl ynické] platimhonvand the fiker tAls dsrpravionsdst digtssaiwithfreferbnge to Figure 2b,
dunni}ﬁé &L,mi«s,% lréa&iogﬁnetaf A4k thQ %&592 &H@se; ifib %tregg)ﬁ B bwﬁ%rem, due to the modified
us, the gate electro may receive a different
nmet al siIiC|de wher ei n Hhe formati on and thus the
di mensi ons of the respectl e netal silicide may
substantially be decoupled fromthe correspondi ng
netal silicide regions in the drain and source
regions 214. In the following, it is assumed that the
S|I|C|dat|on process |s connDnIy perforned for the

'_':




Page 11 WO 2006/ 130375 PCTI US2006/ 019722 ddpali
prorate in nme oepm curecuon x, a silicidation front of

wo p6@ssds uni fornity may form thereby signi f pecaubiogen19722
reduci ng any roughness of an interface between metal

ddpantsﬂr%]ﬂel%x{tj Iﬁlg x Ptn SEHLGR Qd lAC&lﬁfda@t Bdnt 3F imgrdved ulifohity may form, thereby

e sem conduct or. devi ce 20
signifioaply redipd Y foaﬂmef °%érltf‘é%%f\}’étwea‘é%e@? vsady @ 458‘8’:3%@“9“ Bl
sequence Hence, the device 200 conprises a netal

Sk élxrgl Tl‘{exgg{cﬁg %1 s Fu0's gﬁ:ﬁgodd&t& Qi@vx&aéoﬁ aft@nJ BE ebRSI&ior bP the above-
| de

reglons 217 w't
doscribgh Foss B et Grewsasheodexice ki wBREFS 2 ’&FFQ‘ Sf"ﬁ'ti% Feﬁ‘agé%rz%%%d in the gate
electrodles215HAS hridfat $ikdide\redi®ys 2l B ehithih ti@rdeémdrbih @nd/sonich irdgjon 214t doreover, an

mterfaceazrl gae slgbesBrtlt?ally)(( locz\zlmigat %r % &1@ %1031?3{] bERP %gd zfl 13 s Q/HQQR @ Sorresponding

Sta ori zont tion
roughnsas gsanaatmbs}anv@u aereent@@ﬁﬁssfrses@ntﬁeanﬂr fedyeedygompared to phor art technicues.

ConseduSEIp HisdiBSiageors O 8 @t bohtacidéatard vidiehtagd dislike fnfag bd r8duced for a given

t
s SR B SRR SRR o) S OB ity o
adversetpaffettitesenvérghpegbriare oflibpansistpn 23 fisines thapobtpet regigtpsiop of the transistor 210 is

substaxglhﬁﬁﬁtefnﬁﬁkd the %(Hﬁ&tuﬁ@tdf ik Iméta@icide REYLE 190y nodbyf € dopinid €oncentration

theremg%/sl?e;'eg%tt] ﬁ?xgag?%o(f g[ﬁ %ﬁl J‘B’F“"(“I%Efc n‘éa& Eﬁl% IS | If%ltalP rriz_nzl%lg) unaéec[eg gy {hpx%odlﬁcatlon of

the dopmunipedfitent i al | y det ermi ned by the conduct|V|ty of the

metal silicide region 217 and not by the dopant

concentration _therei wher t he | catlon 0

| R e g TS ] PSP BHRP A RAT Bl s it
desired tbl@etnﬁdh & fored spentficatfansididy dypelo Parritstapreodsipragiously explained, g~typg and N-type
transxs@gg.{mfa?ﬂ' @&n%gon%{;fagu il E?CM' Jeh@e@tn{a@ Rxrfit 4 Mergﬁ B@ﬁ{qor thh respect to the

apted i n accordance mn6$ ﬁg b
formaqoapgaeehcnlwsﬁn xThut, 8 Poren@ﬁe%ﬁt oot % maypesdecsf & § g ypes, wherein
the resbddfivedit@tfied Aparfd bﬁﬁleﬁ)ﬂsj r¢sul )ﬁ{ﬁnanoﬁﬁséd uifotryifyef g dorinatioy pecorresponding
metal sdlc? eSre Slf.tmgr ?n gtﬁ%% Xduﬁe?:ts" 1ﬁ' r¥nt tagéepﬁé?:’ Q Mréi@yr&ﬁﬁér types may be

eren respect to
considéxes} aperoists %8 thamwiama@qnd@lu?négfomrmafb%modaﬁeé ?ﬁ%ﬁﬁffiﬂm pe performed
differeBiB b tho%arisR Miffbrent s RO Hbs f20willve iftcribedurad. St or  types,

wherein the respective nodified dopant profiles may

result in an increased uniformty of the formation of

c GigueSpcheniatively ilustraids agénhicaniiugtor dexige 3 davingforges therein two different types
of tranSERQH1BABS0, wilich ey r%ﬁ\llretaaﬁeﬂﬁ Eﬂl&&ﬁ&éibi h&vmgl{ diefecdt @g@ndepth x, and y,,

respec{x{egrn ?ri]%%g%% E{% %Sxﬁlstgre%}g BRE go%?pg?el a?i E: Iream? 3 ﬁglgd corresponding

extensido mroh préafviterinradopive poble falppgrthel dep@h 4ufeettoe mab' e tgdifiedygs is previously

dlscusscljzﬂ réil:ef b @fg&x@g 2bt~ff a‘f‘&'t RIR dobéﬁp&ﬁcem?a‘ﬁoﬂ%ﬂﬂ'le dfn and source regions 314
escri

next. gure scne tl ca ustr
is increasqeh a&tgﬁ@{geb[dﬁqth ¥e Motegveg@g “ﬁ%ﬂffoggl h%%)ver el1y & such as a resist mask
323, élprbee nierttandisyp @10 dusihg & iapleitatioo pecBd Fp4dind xs&’é@ﬁgumﬁ itocﬂqrmwespondmg
deep ?xgig l’gné %mﬁ'ce Ll@llls &l ol Mﬁstof C %hhiazi'dpm lﬁofﬂé iaivﬁ{gezﬁxt increased dopant

XS an res ectlvel qgur e

a—— erth%wmt?a%f ﬂeeotn‘g?t ﬁd‘Eﬁ QF ﬁmiﬁ?PE“‘%‘beP“ceés 38, e same
criterid @gly@mpr&ildhs@ Qékcriad mﬂeﬁﬁddengme mplagtakin @Rl (Fagie@ds ASkrthg formation of
deep %%n ﬁ%cf oFrce 1atg1 gsnigl Rl ofd slsto? 3 geaééﬂ%nﬁ%%ﬂ cgclléﬁ %Sf 'bQ %erﬁﬁ)(ed and the

as 1's previ reference
furthet progefsipgrrasy tplsomimedTisds abes desmbei wislpeefirenecoiR s A i Shpt &y @ laver of

reﬁact‘bﬂ@negﬁ bt Cfn)e ARsiR@® Hftl?z?thfcﬁ:@és@ﬁ&s Sitfient t6 cdnBiiielDis@Cht RBist #d%a to the target

depth t&g\% qseaocoB:gorémMRol\x{%goggsg %é&be pe Oélgedg{‘}ﬁieﬂ St c%lirgh n%é’dlfﬁﬁ dopant profile
in the prandsee B10, hevirgriznmiatidr darze8 d@thchur subrgntialy impistaips thetsiliside front at or in the
v1cm1t?j Pse gﬁﬂe%ge‘lmﬂ&lﬁtfrohtsm GRNEdHY [rﬁlglstt)lOSSt) Qhal IpFoRfebCoRa M6l the Garget depth y..
rain and source reglons in the transistor 350

mnth a dopant profile hay WLAg,an i ncreased dopant

concentration at or in the V|C|n|ty of the target

depth y,. Regarding the inplantation process 324, the

same criteria apply as previously described with

reference to the inplantation 221 (Figure 2d). After

the formation of deep drain and source regions in the




vicinity of xs, while the silicide front in the second

transi stor 350 may progress down to the target depth
wQ2006/1308ge 12 WO 2006/ 130375 PCT/ 11 S2006/ 0197 28CT/US2006/019722

Conse'tluentjy,"a uglier-degree of process flexibility

Cdns'é’tiju@nt?h§ ’ﬂk’fﬁ@éréeoﬁ pQJcengfeﬁinh@' 111 el fhhatiROIFQittal kili€ide regions for different

er ent es is.provid
s QR PP B OB (57 R PSP g pas 73
standatdipeocedesiisthe waskti®@Prdcess How, shentiffaralt tpes ofcrngisory ¢ fF‘h‘Eed
conventional process flow, when different types of

tar g%% isgl}%glz@?ﬁ;s é&%u%ré%g%é:tl?fé\%{l%g‘é? ggvﬁaégmt | & éere a%rqgs%or element
410, it wiadhat I8dsor postios nixiopants4sliftrodinaad byhdepdsitian orl dgffusipn. él‘ hp mm@ﬁllo comprises
a gate %ctrg?egggl bavin %?orlngu tflé?g)ﬂgﬁger Q%mgﬁsqﬁﬁ c%]éc% tdbhidihiafef ok Ddpitaxially grown

nsi s rises e elec rode

siliconraupiige oA RS e (ERED % 1%° &‘&‘} SR o pocce of
metal 3WIREdS Fegh BasfObeTathe® [Tt Haloiba hppyecigtedihi thesdrget dspth-xcoatadsp bé Ipggted within
an acti%ee rre%%noﬂg Hx% ? fo%e%g’htgﬂ% sélb%éate M Eg&\(oetﬁe fofnatid & @Ie rélﬁ‘)ﬁ& H4aXm principle,

nt er met al |ICId

th rapig 610 e omasin s il o et P BV SIS AER B e reference
to Fighth) € dn@ b OB widRp f)hc% to tf@fy!mﬁh&fbf b@p bamahdduies degioms, thexegions 424 may be
fome%g)iwsffs%ﬁgkegdnste ]ﬁ%? :ﬁr}ém%l % w’d? d yeck uuélé'l &N}&h‘% sz%ﬁﬁtc{o%?specles may be

e regl ons.
added o thn dénositéon atndseheterta mvide B regigs fAdyas [fepefl ieipgt Pepending on the process

paramé\@rg Rk Q@H&ﬁlg%é dRpdsitien %@@&S@otﬁlﬁ%ﬁﬁﬂh@@ﬁaxﬁ[ gowih piokags, a desired vertical

ri be referen Fi qu evosition
B
recipestbemddigon of ¢hie dpmint prdgarsar @gy bancontpilegd qmge Hasis ofﬁlg;ﬁm dqgs;a X, For instance, a

thhlyVi@Jallize@&B&méum 28} R ClehtVBwifthi sf)é%?ﬁe@élopﬁﬁ 6p8kik at the target depth x;. To this
techni ques, in which a speci flﬁg ant S

end, a;cpFFeondpe tbﬁ:ét Bfetbtb g?qa{lt(ﬁ{ec a(sedplfl g@ Cécfgosfhﬁn ¥tm%§phere of the
selectiv@Epiitaxies rdRth paesd,Ophenl the meodmt,h xDe pracheld. i aoextrethrdy Jovatized sencentration
peak & ?gs?%ie g, ﬁ)cés? Far&%%&sr BA}J ﬂngrrésEﬁdig%aP Qsteli G orddr D &PRBFALy reduce the

ve epltaXIa w h process desire
deposifien wleca oo deREhe 5PRTOR B HePERAl S ESteEr” e e gty In other

embocﬁinaﬁsse atstnﬁtaﬁtﬁpp Shifokd opat ébntc_ﬁii:rami Imaj e wrodficed withig itheegpitaxially grown
regions %Q/P SI t uuec? %ocﬁ‘gdatlgnho% t%dngi) ﬁgﬁlg Eqb Qﬁe qpcﬁé&ton may be obtalned by a

precu a3|s of %&%
speclfiyelp[dpplgged 101F@;plapqngnm@s, agis alsq Weq vt a¢feroncgto F 1cure 2d when referring to

the iof Qﬁlﬁﬁﬁﬁ(fnaiﬂ Ot 488 AlherEMbodiferts; Sﬁieéida 1vdatidh of ass (peveaséd doglant concentration,
Le., °€'8 ag%tbls C,:{gag'gla‘tfeg% geef {1191%%% Qc{hb on 419, fn%§casee ﬁxg regfin 412 may

CUfSOf
be recg@rioxatsatioicy spives Qﬂeemts 416 yrnp e IcamigRe, 6958 29 isocopic o anisotropic

etchin® EIn®6d MYeEatBR bhisbtinht, &Y Ridhttbn PFoBEES S be phreAmddiLa highlg@htrollable manner

IS reachne Qca
mﬂﬁﬁéﬁﬁﬂﬁpﬁﬁf??%Peﬁﬁﬁﬁ??&?@gggﬂfﬁﬁggpﬁ%xﬂr%@§%§m%g?gﬁ%?%”§ﬂdmmmm
etch terhiquos theebyr fespuerrdecess 404adnlp bighleepnirgilable flrion Jhereafter, the epitaxial growth

proce %}rf&ﬁfn e 8do¥ond @%? bd ]Sbﬁ”omg@ ﬁQ&' sﬁﬁn@xﬁaxﬁl&ta@des&ﬂaed #a=| wherein now the
urin f eposi tion of

target\dppth ﬁlw be l@fatqdﬁr@th{nél?,egfécless él%t& ﬁer y a l?an%et fﬂé}ly P)cahzed dopant concentration
peak wifOEdiB®Mpant specisubst anti al |y unlforn1dopant

concentration nmay be produced within the epitaxially

grown regions 424 and the required nDdlflcatl i

t hafd diseeamplpionfof the selpptiyeeiteréah 17t et OMRE B refions 424, option
furtheP RhidnRi8ch ﬁyceases SR B¢ héroahdd o Aol cgépe&am @nd isevpde aegiaab howng a vertical

exten cé:oi%ﬁ%ﬁfr?dq?ye Vice rec?lgrenqgnt rAnbaon%ea:N Pe r?;aretf oﬂé&%ﬁ&a@ toch%{GQhe dopants

introdg¢eid by the piftienal @madanwem step. H skouldbp smor%%thﬁt@ﬂdl%ﬁnﬂaﬁplamaﬂ°n processes
for fohﬁlﬁér tﬁ@&@ﬂjdr% RRRbur&QE iR MnfyeloRitted when@he recedsestabs akefbrgped and the dopant
depth x" may have to be forned within the active
regi on 412 In this case,m&pg region 412 may be
recessed adjacent to the spacer elenments 416 by any
appropri ate techni que, such as isotropic or
anisotropic etching. In one illustrative enbodi nent,
an oxi dation process may be perforned in a highly
control |l able manner and the silicon dioxide may be

M)

-




extension as required by device requirenents. An

anneal process may be perforned to activate the
wolo@ans®s7s i nt roduced by the optional ion inplaptausmne/019722

step. It should be appreciated that additiona

protue I 1‘9&}' %gtﬂlb@n od . Qzﬁlﬁ§§§ S;a;atfli‘él{edf&r e Nighsit e dReMingriad dopaitdprecursor

rce regions n.the r o omitte

concenigign i B P BT BRE 15 G SUBER BEaAS iy be omited
since @I fadtkERBAR/ tRA@TPRacedat dittick sitesralbewaltys tihersprgent1@may be removed by well-
estabhséc?drﬁ?%l%I Sledive &L}P@éhhﬁ!ik@ GndORentaNBrripshliBe ﬁﬁplaﬁ@ﬁﬁnrs&iubﬂcﬂ glayt fegerformed

pr.ecur sor concentra
to forngg}epﬁgg rggond éﬁiﬁ@w’tt? thy =afe ﬁ%@tﬁ%&e‘ﬁg ’[Feﬁea??ﬂ gmléeé Spacer € ments such as the
spacersA6@Rl bPfofe 981 mary sithddeaepidng may begormedinte Mnilatoysa s mwrﬁy described

y placed at lattice sites. Thereafter, the
W’thre%rencetgpﬁ‘%%énay be renoved by wel |- established hi ghl y
sel ective etch techniques and then a correspondi ng

i Mﬂﬁx@hh&ﬁ&u&ﬁﬂd&aﬁﬁ& HiEhy 1nelized mbreasersiipant @néeptratipn at or in the vicinity
of the %étecfé%t# itséM'OVl Iua%{‘] e]‘: b ngéda‘fégan&atxg tfl’aﬁ n&@& ﬁlxc?de%&rfa&d &eﬁ@@nhancmg the

I "Spacer e such i ication
overallsprasprisioudthe e 410F Wprpts S e i 814 o ey Ypaghgncenta
of an RfYopRSe ﬁ%ﬁmgecleﬁl nidy St Flabedrat WP Yeall Shei tsrgqd rdepth @y) stey barrier” effect of the

escri ef erenc NG difdasily affecting th
c°“°en§f“tf°?‘é’?ag£’ta?' B%adﬁllstscité’sbg ?’sﬁeﬁgy A gchufm%I Fu%c allf&é{hlb nc?%aseg areeme e
overalidfelpanir’ doppmeediler at i on at or in the vi CI nity of the
target depth x, provides an enhanced "l ocalization" of

the netal silicide inter ace the d
Oﬁ RAAesplt, It élP?aﬂrﬁfﬂt 8‘?’?%‘{”? E:gw rd;tﬁcs v.?e@xa!ﬁg %ﬁlgau&hﬁ" metal silicides
havingeduesd\wen-pni®init® apanvieterfach toghp xamdnmemqoef@etpﬁ pgieH, H'E‘ﬁbé’rfF‘Pm"mg the

f RREOR 3tiQaS BRadMri t&e eﬁy BeSachiBid Bemodifying
o Bl S st 0

the ven@gql doppnt grofile pyithin the deea Arajn.ap %P]rceprg T}éﬁ;feg g0 1 reasec[ JOHS]E concentration is
generab:ﬂ atldk tortesvedingty pf omeet depeicfors stz miti¢idel ihtgrfapg, t”h’@hl{ﬂa}’ form a “barner” dopant

concen%'a o] f'Ith %%Lryco&gﬁhgﬁ(gd 18 stlé}xgican(ﬁy efrat the dBRuSCy dnd 'thudl @R 3Ekbtion speed

resent |nvent|onH§ % q% a specificall
durmgahp xmﬁ aﬁ@éﬁjﬁ’tﬂ@émf%fﬁ%? fTB"rbaFf?é dqpaRt SRCTHAICG FUNRE Kfmec Oy 2 5P Y
des1gn§d inip&htﬂt%i sedién¢, Wilich ey melddervne eritiiré dplantiieasteps, arglfpr by the introduction
of doqaﬂté £ B% 1ts % tm:rx]ee &:[uﬁaciems[ﬁg? gl%@ésé: 0 'ﬂge%&tgr@ JF QU M3 the increased dopant

rov n rmance of transistor be used.
concemtationgin treated Tdiderpnt popen énﬁcaq%lmng g s3ues é*ﬁ%ﬁatrca’adel%}‘r"ft% ppeg gray be

In casgﬁ?tfexl@ﬁ caﬁdﬂ&tﬁ;uﬁ Gl/p&yamsh fth)éldelgmt dohentvibi hifbetingdigpack diffusivity may be
ro ile within

decoumﬁie Fteleﬁt tgﬁl oexﬁa&r} Liegrgeé 0 othe elef‘c ical ne?fe%‘%" ﬁo(i)gnt cgrgéthQtfbn, thereby providing

an centration I's
enhangpd flexilsilite th dasigning therbambreconpplmamntsybsmaay indgpepdently Sp fhe elggtric transistor
perfor} netal silicide interface, which may forma

arrler dopant concentration. The barrier
concentration may significantly affect the diffusivity
arThe plrticilar babotligems distesaipbee are divstiative antyeas tretipyention ppyhegppdified and

pract1Ie9 A“B{ﬁ‘e@& el fafarent I REer P BprkR o ﬂl@&asﬂ:ﬁle& NGE Bt higQie benefit of the

T e e e SRR, RIS s o
Furth@h&BSwo [fibdoas ab)inténbied tb nier doeilicdfi comstruatibn glrocpagn ber@nslpm other than as
descnge% ip ﬁme cfam% %Flﬁ\;}l &tqg(ﬁaéjafoxg g&lg O{ 2 ki QR Mlﬁﬁ%ﬁxbodnﬁén%&iﬁ@l@sfe& Wve may be

€ I ncrease ant ‘concentration is
altere¢ joe atoéaaed it gl ek aripERRs rire %@éﬁf@sw% s gepnsernd APt gf the invention
Accorin, % ? QedtecBNBUEE HeMéintiy/as bt PRE intRYclddes iebed. | n case

di fferent conductivity types are used, the dopant
concentration affecting the netal dlffu5|V|ty may be
decoupl ed, at least to a certain degree, fromthe
electrically effective dopant concentration, thereby
provi ding enhanced flexibility in designing the
barrier concentration squE tially independently from
the electric transistor ormance. The particul ar
enbodi nents 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
skilled in the art having the benefit of the




Accordingly, the protection sought herein is as set
forth in the clains below Page 14 CLAIMS 1. A
nmet hod, conprising: identifying a target depth (X,) of
a metal silicide region to be fornmed in a
silicon-containing semconductor region 212 forned
above a substrate 201; form ng a dopant profile in
#1%i 1 i con- cont ai ni ng seni conductor region along a

epth said silicon-containing
lSem c%g’gﬁ‘gét’:%dﬁﬁgg on the basis of said target depth
idoptifying  taEget gepli ) nf & metd) cllicidartsgion i bsf fopmed oip zn silicon-containing
CONC esdnicariduddt reg@ar 1 3Rikkdtabéve & kubstarRb; (X, ), wherein
f&%{n a'lig?aiﬁrg'{le H?B@? %cggrgﬂctz{ul\xl\lﬁ%s%ﬁqng-d% cIor reﬁ%ergﬁx? r Btﬂ di?ercl:tion of said
d os e salwen@n@mgrg sgm@n@wm regio ouithe basis oftseid target depthy(X seermtteobtain a

sai d lﬁkﬁpﬁﬁlﬁmﬂﬁ ofd h@antm%ﬁhﬂmﬁ@hr@mﬂ Qfget depid! &L @ﬁéré'i’tpformmg said
proc SEsS. at@gﬁa st ong | ant ation ste

a fi r%’t’angBrB 'glﬁég&ﬁ Oping,an 'P’i’f @B‘H‘oﬂiﬁ‘fﬁs\/ﬂ‘?& %g“plama“""
and adose velasnergme saatoied to spbbtantinllyt dreate saitl dppawi grbfile wherein said ion

seco rlﬁllpﬁﬂﬂﬁﬁ‘ bro@a@ﬁc%rﬁ%es af leeﬁt oné Mmﬁ&%@ﬂ %th \é 'ﬁ'i-sY ?Ep\éﬂ%pecxes of a

ct, as ereln I'rst

SO a
o i ok S B e SR pRAAL P 08y dopant secie
sai d of ageebndrranduptivity tyae sb 4sde pdt aga eaiter dopint whertih isaid Gt and second

r egi cuapaaélsze&ae sdbhﬁuﬁme&n%e aﬂlx&gn;@;éﬁﬁﬁ. £48 p:] hcg ﬁt ;I m2h
e T RS B 5m 1 i g SRSt .

profile represents at |east one of a drain region 214

2and @b hig@od &g:laﬁﬁ‘ 1 Mrem safd sﬁlic&l—&nﬁﬁi@ GemicohfRIBF 11:@1{09 g 12 including

?fg? toﬂj o?% ereln formng sai
Wppnt 2f eéfpa%“vseag fea%% H‘dF%‘ it a@asgﬁrfw 24 of a field effect
ma@}swrmﬂf refractory netal 222 above said
SI | i con- cont ai ni ng sem conduct or region 212 and heat

ea sai.gd . r gt 01 so a initiate netal
3d| fff@? %ﬁh‘t"d’fga‘ Bhrein fogig 55"31‘1‘? ?"é‘gdem“ 2)7 copypgises depositing a
layertoffi ceffactdry wiktali 232 azovmstsdlcmmmmmasam«omcm regiort 2li2akdBeattireating
sAd subdafd 20 P 8 to HMitiaficthdiaA GRSioh I RlR baid et si xédetﬁm’er ature
of said heat treatnent and a uratlon o sai d heat
treatnment is controlled so as to stop a silicide
4gr owThe methsit of okinaB,| whemin a8 et otecof g aliickdesp bisaidXayer ofrefradtory metal

21WEh emﬁﬂ%?Edn@héQQ&eaﬁx{i%h faxima@on% fdid e d&em&tls g&.%ﬁkd 50 as to

cld 1 on or a
sé%ﬁ%“t‘édelg@mﬂbsﬁfmaiy F‘lsi’lgf‘“g"' g‘eiaf'? ed transistor type
310 to be fornmed on one or nore substrates 301,
sfor mAqgeﬂﬁalcgmg{g, n and source regions of said first

e TN R 1T S
dir esm:lfml tafsiston tygle Dlifdo e formed en @i bshdradubstrate 03014 he
foRAR) Siiddrmis aCodrkd ,%%,o&s R &5 ﬁ&% deftied éngm&q%@%n ofle 8Phék: Rubstrates

for |ncrea5|n9 . an 1 ncr aS|n
conc®it? f dePAy R W?eﬂ‘"hﬁﬁ?ﬁ‘& hieaty dgﬁ'@f‘ o] |5"|“% pne; o Mk, SUBREs; on the
( X, ) basislofeaidi fixst tapgenidapth (XQiselasto ptasih, forﬁriotbﬁsxﬁgadeﬁtﬁ{mrmcﬁ@ﬁng dopant
Per f GhtinfiloR Qvgerpsbp}ogzg&,@%ﬁtmm 4 96 mp{ﬂsfgﬁ' el said dopant

i mpl ant at1 on, dose an
subsPrafie Fopparies periamins an jog i f;%m?n pecetsi wlzsrelwmantam dgse and
I ON ¢éndipl ade tatroled to @bm&ﬂf? cfeadRiid di)?&nt prbfitk, &ﬂﬁkm‘%ﬁl& xon implantation

:C I”P' @‘Qéegsg% g{ﬂcsfseg GP tleﬁtcl?:e ngﬁnﬁlg? 51e€ évgki; abﬁg? d(épgrét nsd)ecnes of a first

i npl seAdugtivity WPSMSH@‘ % Aneeappd immlintalivp atap wishh@escand dgpanspecies of a
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second conductivity type so as to act as a counter

dopant, wherein said first and second dopant species
substantially determ ne said dopant profile; and

formng said netal silicide region in said drain and
source regions of the first specified transistor type

310 errondeondnativity e soagjthct sragpunten dopent, whergin said feshand eecond dopant

;hfu glsécmgmainumy?g@anﬁne s#aab d;sahtrbrmr mdng said metal
f?rgnmg s Blrevl %&{dgfeg?gg“ 5,'5‘ %78 gﬁi Spyrte s ons of kleayr?t sP]& fied transistor type

-con
sem Gdtduibe basis pfsgiid Grst fagetdepth ). sai d one or  nore

substrates and heat treating said one or nore

substrate nit e nmetal diffusio f.orm sai d

Snet aITh§|“P° éafeclau? g -}\1&}3 eifdoing sgid n&%ﬁlﬁq% re%?o&pﬂseageposmng a

ldyerastrefantory ofictah 222hdboveracsiliconfongdning semigenductyc ragish farmderysaid one or
d ﬁl‘)stral%ggr%d %g&@g 34 Uﬁeeorq{oregﬁlbﬂal@@ﬁtlmﬁdkeﬁtﬂ%s@ﬁ‘% fOrm said
uratlon 0 at treatnment 1s controlled so as to

metabsilididte si|icide growth substantially at said first

target depth. 8. The nmethod of claim5, further

7COMPI @ 1nflfhod b |6f Wl&egn & 185C6H0 gf i ﬁnfc%ks di‘@:ﬁ& Eyér%f’ ré’rXctc)ry metal

[

asecongﬂmsta Ilicide re tormed 1N a raLy
28h@ teraRsEfisaid |h6ﬁﬁ trgptment e@g%ﬁwgb efe?"fiuhs'd UrPRURERs rsscf"btf” ed s0 as to
stoy i silibife growth eubitatiniycht aiid fxatitalgeddepthor nore  substr at es;

form ng said drain and source regions of said second
specified transistor type 350 with a second dopant

89r of i The methpd of claign} Spthericgmprising: dept h direction of said
ideRefyinp asaoml gk sk foe Y,) @ Becoitbmizal silisidofegiom iocbe ferged inda drain and

ta[)gessmgee}agxﬁn (0% decid s g&glgg éa%opa% e B&Y to bR G4rERF b 6hid one or more

an rncreasi ng concentration when
appr c?&‘?ﬁﬁi“ﬁ‘g sai d second target depth; and formng said
forfinpiald GRainahd sircd REiok of @i se¢ond spedBddarantistor ypedsd with asevend dopant

regi 39‘?-’ Olith R?pe&?&&pﬁl ﬁécm Gt said o Glsrh %%sutaiép on aégasm of said

so a {) ICI e growth stanti al ¥
sai d ss¥8d ﬁlﬁge dePly) sey éi)i"rf’b(a?’s)f“ ‘W“m\ﬂ?&b@ econd 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 (Y,).
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