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metal |ayer 240 and the second netal |ayer 242, respectively. The first and
second netal |ayers 240 and 242 conprise a material and exhibit a
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t he seco § icid Obrtﬁ ﬁh %/ rise e metal such

pl ati nurﬁ%scﬁ f9 8 &i° SRS 8Py I%l‘ﬁ *fefpe Vfdﬁl?é thaf fhe pasHRglen ephodimentt disrlossdrabare sy e
netal s saleied @s nodified tigd bl tsevhi warigtions #re @sldaned twithig Shee Beopen hdt $péit | of ke invention.
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that is ?cﬁgﬂaﬁgg?%%%%?ls lé%h}rglg}tnllgc)a%%foﬁmn e%%%ﬁ)f%%vde in the depth di rectl on
into the region 214, 215, 234 and 235, is adjusted to obtain the required
sheet resistance. If, for exanple, the first sem conductor el enent
represents a p-channel transistor in which the peak concentration of
p-type dopants is |l ocated at a depth of approximtely 200 nm the

t hi ckness, i.e., the penetration, of the silicide portion my be adjusted
to about 180-220 nm Simlar considerat i80ns apply to an n-channel



transi stor, which generally exhibits a shallow dopant profile. The
particul ar enbodi nents di scl osed above are illustrative only, as the

i nvent i orwoag/oa24rodi fi ed and practiced in different but PeqaiSozhmsd
manners apparent to those skilled in thamkt having the benefit of the

t eachi ngs herein. For exagg t he process steps set forth above nmay be
performed in & dif R ﬂ@ﬁas”@&?@ﬁ@FWﬁF%ﬂmﬂﬁﬂP?ﬂ¥Péﬁ%bns are intended
to the detaiIsummmg@nsmuueabbmwmgﬁdmaigaehezﬁmnmﬂhommmd@&Menwéh&mma&mmmg
described in the clat bel ow. is therefore evident that the particular
enbodi nent s di scl osed above na altered or nodified and all such

vari ations ar BB Helr @HSt\Mla€1f1¥W for ot e 4prand prndictiveo filiqopeonaiingriegiom and
Accordingly, t he pkﬁbﬁ@ﬂbﬂﬂys@ﬁghbehe&eaﬁmmﬁgagmﬁet forth in the clains
bel ow. -8 WO h formng a
seni conduct or %/e o %%%st grng?%é élfja%s%gre&medWCMess ovarrrge sulgegr%tﬁ %()Slf rate 201
havi ng forned“WW@P@@ﬁﬁ@“ﬁ%F@@k&ﬁh a second conductlve silicon-containing

region; form Rgmidg fal deSdnd r@SHt ﬁlﬁskms Keor2 égertn% the @ME EdnBiktitN Q1R R cRchifzORLME blav e
silicon- cont ai ni ng redi o e .first conductive

an 0Si
si | i con- cont ai ni ng & il%tﬁq se?f&?)%?gﬁﬁ("{g gt g°“f°f"i‘t§“fm%f§%1%ﬂ | ayer 240 of a first
predefined thideakyigws seosimdhys MHIsi p stend BTsfined thivknwss ngr i@ibftiar0L;r esi st

mask 250; for pdgingins REQRhskieshiStss sk 255 for covering the first
conductive silicon-containing region and exposing the second conductive

si | i con- cont arHFF§Heff GH’S’IQS"E ﬁQ}s‘i"t forry 2 4irs é&‘ﬁ‘ﬂ‘d p?l‘B?“a?“I inythg finy songdyetive dlicernd
predefined t hi cknessitanigredidnendadesdnd sili@deddition 24360 kdaghdichRIuaHE Sliddn-t @%iirSdg
mask 255; and heat ;frgating the substrate 201 to forma first silicide
portion 241 in the Tirst conductive silicon- containing region and a second
silicide portion 243 in the second conductive silicon-containing region.

2. The net hod2of clrad fietlod dM&Efnﬁl WHdRRAEHdsiifGtht Rt i‘nbtﬁlaiyelrmﬂoahclddasy@ﬁtroaﬂl@ the

i ncl Udesm%t%%%ﬂo‘& {)(1{ sg%otﬁatast?ﬁ coverageo P?qustreilﬁ l'%Els 1nu|mza step_coverage of the

first resist mas I m-ze a|n12 wherein the
step coverage is mnimzed by enploying a vapor deposition technique in

whi ch et al par ti C|TESS niathsd bhealﬁms\b}{eetnethz%p eRmbAN hRlnidd ré?rﬁ)ngfn% Yl ApdrY-
4. Theln% to.adjust 't

directi oné’f’mfon? lfmci“%%f VThICh Bjﬁﬁaltpa‘glflgssh“ﬁ}?e SFqsﬁgﬁéoﬂé"bgG‘B@@yrpﬁfp n% -5 The
met hod of cIa|n12 wherein the step coverage is mnimzed by sputter

depositing the fi r&he mBBSRbs dAN 8! wAdln WohiRaGOR QI ol kst e aifbhERGH Qﬁﬁétmt y
of the neta +ﬁ artlc to be substantially perpendicular to

S
surface BYU{HatEgpes 5?5202 The nethod of claim 1, wherein dep05|t|ng t he
second netal |ayer 242 includes controlling the netal deposition such that

a step coverage of fhGeRACP RGN LThEln HESK, &RfadeSs lgfu@hzzh %ﬁggpuug depbllfg TR A1
of claim6, wherein the step coverage IS mnim ze 0 |n §a

deposi t i BRABEAD &H‘@ Gopirafliae ihp distionplity ofthe estab Bartiep S‘tarfié’ @GH@W@HB@WMIWW to -
subst ant ihabufycepethpaindiacul arly. 8. The nmethod of claim6, wherein the step
coverage is mninzed by enploying a physical vapor deposition technique

i ncluding a colllnator inthe vicinity of the substrate 201. -9
The method of claim 1, wherein depositing the second metal layer 242 includes controlling the

metal deposition such that a step coverage of the second resist mask 255 is minimized.
)
7. The method of claim 6, wherein the step coverage is minimized by employing a vapor

deposition technique in which metal particles hit the substrate 201 substantially perpendicularly.

8. The method of claim 6, wherein the step coverage is minimized by employing a physical vapor

deposition technique including a collimator in the vicinity of the substrate 201.



WO 03/ 079424 PCT/ US02/ 41089 9. The nethod of claim6, wherein the step
coverage is mnimzed by sputter depositing the second netal |ayer 242
whil e comwvoaBlorsags t he directionality of the metal particl ®ETAB2$108D be

subf‘ t gnt } al : %, pirm\@m mi{hs@ 'ofaElaJn% tyhSrefs Uhd a%gcloo&agehem&m@adr@t Put2P deposkthg tﬂ'ehg
met hod of claim er rate 0 se S

conduct isfend Bl 13y, Z%WP% ‘f‘ﬂ“ﬁ lﬂgeg“i g perionalgy \%g‘r g? ertlall g ?{Edﬁesf) hgg %’ '{!ﬁta&tgh}r

i ncl udegerpéndicuiamgthasutfiderotithe sbitste 2flask to cover the first and second netal

| ayers and to expose the third conductive silicon cont ai ni ng region

depositing a third netal |ayer; and renovin thi rd Si St wherein
during the heft t rdamwdad obClpR b ghern;thy sbs YB ﬂnﬁrgesf éfﬁ%&“ ﬁf}? Repdusige g
conduct isWi€onSdohthi6igire gi6H) bl whitaly tHe@gihodfurtiiet inclidee net hod of claim 1, wherein at

| east one of tamﬁlr&%%hu%fresrg?ﬁlgl( toatrager LRYEE nr%lmec%mgézﬁ la%rs 5430 éx.h5s§ the ttad QorRidve

second 242 ["ayer erature a duration ' of the heat treatnent are
selected to attai rflhaonrqorlfélpmawalc’% second sheet resistance in the first 241
and second 243 ogitlhg&hlet&nm[ayér%& such that the first and second sheet

resistances are w thin correspondin FESRESL ¥EhY in e -
The net hod ofre’B‘fVé{’igllHeihlrd\Aﬁsg |ir?f g’?rellng‘é%tg ongato?q[‘{%lm?ﬁ%l%cggo and second 242
metal |ayers conphirdesdugive Fibigpgcongaidngaegiciobal t, titani um tantal um
zirconium nickel, tungsten and a conbination thereof. 13. The nethod of

claim1l, whereln at | east one the f t 20ands I rs
conprises onetlof pitarieHanPT T | a‘ﬂ}eﬁm%}?ﬁ%ﬁ%ﬁg 2°f13\e cﬂcyﬁr %S%rfﬁhﬁ%ys?
seni conauo ilirseded/24e enetal lagrsnemprodhiread gupt®n afthe hehtgrepfinery ar sqicigtl iplajtaiya fipt and a

conduct i I M &ond 'slle‘atqgﬁg aﬁ&rﬁm Eﬂ#enﬁragzﬂ %Qi %4 9 ﬁhédébp%ﬁfoﬂst Kci2Bk Hmeqtend kabldysheet
depositing a p ura ferent netal |ayers 240, 242 on the substrate

201 usi rfgSISéanceBPrﬁf'VéllnP f“ﬁrewn%ﬁﬁ?g?fl“f’ddﬁngﬁsa?ﬁ@“ %, 255 such that each of the
plurality of conductive silicon- containing regions is substantially

covered by ong of hgl{nﬂlogr glcfaﬁ'r{ 1 Qihegﬁta"illleaﬁtgb%oe 'E)§thg4'Rt 28 Ad LR 2498k lziyélfyer S

dlfferlngfromeac | east one q){ material. and | ayer
t hi cknesesmprsayas st pig of ‘P?éalﬁth‘ﬂ@w’ danislupipiregiuny nick %g%?éP%?d@mPlé%‘éﬁhﬁffﬁr e for a

first tinme interval to forma netal silicide portion on each of the

plurality of ondu tive §iligcon;cantaini i %6653 TRLAl
that has not Peact %f ﬁewnurfdereemargléag g?fgpsﬁma gr?ggﬁeng th aerH%]

substrat®m2@sksale0"aol@emmdlaélmlala@@1dterrper ature for a second tine interval,
wherein at |least one of the first and second average tenperatures and the

I Ihres ETE'[a 2? 2???42 Id dtel ggfhf’(p (bfﬁ(éi\rlxglg gﬁf?nqc%nducto nc}e\519e| lhe metBod c%m{)r%ﬁlg a thickness of

forming a plurality of conductive silicon-containing regions on a substrate 201 ;

sequentially depositing a plurality of different metal layers 240, 242 on the substrate 201 using a
plurality of deposition masks 250, 255 such that each of the plurality of conductive silicon-
containing regions is substantially covered by one of the plurality of metal layers 240, 242, the
metal layers differing from each other by at least one of type of material and layer thickness;

annealing the substrate 201 at a first average temperature for a first time interval to form a metal silicide
portion on each of the plurality of conductive silicon-containing regions;

removing excess metal that has not reacted with the underlying material; and

annealing the substrate 201 at a second average temperature for a second time interval, wherein at least
one of the first and second average temperatures and the first and second time intervals are

controlled to adjust a thickness of the metal silicide portions.
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