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WD 2005/ 062387 PCT/ US2004/ 035408 FORNMATI ON OF ABRUPT
JUNCTI ONS | N DEVI CES BY USI NG SI LI Cl DE GROAMH DOPANT
wWEhBEYY EFFECT BACKGROUND TECHNI CAL FI ELD BCT/i82004/035408
present invention relates generally to sem conductor
technol ogy, and nore specifically to siliciding in
sem cormbryATICesF A8RUPY JUNCTIONS IWDEVIENBYOSING 2
silicide growth dopant snowpl ow effect. BACKGROUND
ART Integrated circuits are made up of hundreds to
m || i ons OSILIAME/GROWTHIRONOKE SNOWHDOSW EDFROT
conponent is the sem conductor transistor. The nost
common and i nportant sem conductor technology' 10
presently used is siligaexbasgtyp and the nost
preferred silicon-based senm conductor device is a
Metal Oxide Sem conductor ("MOS') transistor. The

TECHNIC&\DSE'IBJIIH contains a gate el ectrode (usually
asilic

DR Beiehc Uy Bl iy, L oSt it e BfS ppeinaty o
Sﬂiﬂdﬂr_ﬁdn semiidopdueipr cgatee toj fgrmibpypidunijoris bya sitiqideantvalt dopmt efowlow effiect.
or phosphorus or other inpurity atons into the
surface of the silicon substrate, thereby becom ng
BACKGE(DUNDIAJR\[‘E 15 These doped regions of the silicon
te are referre w sour ce/ drain
j 5“? ofed GEut G e %f%ugfgifléﬁ%\f%ﬁ%fw? ACHARROMPRUgY ofme common
compotyainie dltehsetnivendudbrytsindista o riThg atost colnngin| dnd dMpadatc:emdonductor technology
present@' dsédc@ th%'n to!xs'ecg gndstﬁélﬁl@sr[ prefef?r;deglfl(%g btlsgd FBiuc%ndu%ﬂopgeW% }s a Metal Oxide
acer' he sides of the polysilicon gate a
Semlcoﬂ 954 Mpér? “éllmsﬁﬂdl ti onal dOpI ng to formnore heavily
dmm?i:eﬁmﬁ@@l QitSinsOf gdteh@ec&&@ (b@éﬂfly Wﬂﬁ@{) @Kléilargai:el-m&éctr@ NSver a silicon

substrate ITE hsﬂl%cr)ne sugs%rate o1 both 51(%9 8fs tgeu wlllc%agd%g?fs H Sloxhjrngylantgtleon of boron or

OW an sour ¢
phOSPh@feﬁl preaghtef ineplugity ra@fne intede swlagsof" B Eﬂu}ou ryaitsiraye sherebil Gecoming conductive.

These &‘09583&9&% Jf Iﬂfé s‘lircﬁlns%bs%gtg are r@fm%éd ﬂoCAQ nshglﬁwﬁs%ulgélgtlaﬁ (jﬁnrcﬂlo(ﬁs hich are
deposited to cover the gate, the spacer, ad

Separa“fdl% a§li‘all“i‘°&’6ﬁ‘°’é'ff6€§'fhrﬂ§tpélys“f‘€“ gfovi de el ectri cal
canilieat bxadesorfsdicort Hiridé Epﬂbhs i Ble@td tOPENFNBFalnERCcEt, Ghekd didds of the

polysiliw?l aélah&v&socﬁ}éos%flbgteadg L naleg !g?lt% lfoerl%enrloré ﬁ)eaw{g/ dog dlfl¥%lims C? %e shallow

€ openi ngs "ar
source/ lt1 froptops | which alfeepliﬂi éqee equrcp/elaﬁm nlecmp’asct sThe Fellqro gl de¢pesource/drain

Junctloﬁsial% cblﬁt:tﬁlgf@'@éf&gd %'aE%}uﬁcmoﬁshe contacts are connected to
rlng in additional |evels

r‘“@]oggJP rtfaESISFPé’t aeslﬂ 1°9 Ode(‘j diefeetrig Igver iy depggited fpeeover the gate, the spacer,

and the @ihe:jn@uhstratec Tirptoeide eéciricAsotnE@ingd foit thd Bankisisteopd@tds a&&&ﬁledl iMithe silicon

oxide d§1egtﬁc lailet tohﬁe%ngﬁﬁ{g anye&g t}Ie Igﬁi gx%%ﬁ)ﬁ? ! % E)*e.nl?l ard fiRY %v‘ité{ngtel to form

cont aqt S e Si n su
electm%i rcmi“r?@ P SpaPiefe dsnintgiaed pitsridadiecontarty fe cpragaidd taddigonpl levels of
wiring iR @@iadohal &hals df Hﬁﬁ&ﬁ@m&teﬂi@l to P bhS RSN RliRE trit BBterial.

S Sl S S e 08B v e
contactcanh tha sitlisongnighrither te dolysibieon dasbtreatdeto dire 1¢vhlewlpe iy sightivelp impacts the
perfo1m-am:@ o%@ﬁan’élgtgtgs*l‘(g 10975} tﬁ@aetle%{r l:aqlr Hﬁé’e, T(Q%@ r{ zﬁé{é}gl xts Qorplgd between the

cobalt silicide (Co nic
metal C((nraFfSPféi)the stisen %‘PSFP% Pfd@'smévpl Grﬂo Fﬁ%eslbtgﬁanngltat@aﬁphw Pryn fpund to be
cobalt sﬂlbldm(doa)oaﬁd zﬁékeltshheld@@iimbt (Co) or nickel (Ni) on the

bst r at S/D d i
Sfﬁe 31%01 es grgnorgle ba flerstT'x%p eymsgear!,!illlcex’l &Wahﬁt%nc%é\%t?@% q?glckeﬁ I(lﬁ) on the silicon

substratg @hij@@@ é/@ jonstigns endghe polpsitieon @k aThersgmiséndpeor atafer is subjected to one or
more antlﬁmesfeﬁg M Ee?n?)eer@xJe%o&%@CQWtﬂSQE@eSQMGQt otr Hﬁkegf %Q%Juvﬁﬁ? react with

el to _selectively react he silicon and
the Slhcw’cﬂﬂg’; §‘F PoLysiqon to fofp P]ﬁfﬂ?qﬁléﬂwéf thesPil ‘PCPSé iscpenerafty gefased oas Silfoigling”™.
generally referred to as "giliciding". 1 WO
2005/ 062387 PCT/ US2004/ 035408 Transistors used in
integrated circuits are accordingly nade ever smaller
as the conplexity and
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packi ng density of those circuits continue to
i ncrease. Those transistors use p-n junctions, which
wa@ae@she3sed in  sem conduct or substrates by Cc oPC T/UR1004035408

i ntroduction of one or nore of the do ant ecies in v and

SIS o 1 Ao Rat e ANUEE B, R G £t ARG
pachng@@ﬁéitﬁﬁ%oﬁeﬁﬁﬁidnﬁ %nhﬁlﬁ&ﬁndréﬂtﬁ‘ec {ThesA FrartsiBtold aseanhahACOWS awhth are formed in
sermcoxﬁbcij;'or sw)ﬁtlaéfﬁ ggpnéﬁﬁﬂeqc gucﬁbn c?i(sfnfg he r%,[o? tg% 85 grtﬁgp)eep%s itrlrsaected areas.
Modernpicaiéd do@s, high perfimeansa dogitas wﬂeretﬂtmwml@s theeelreHdvnend a‘BEPtt he

I Ql@h ju%l)rﬁngs % QE foﬂﬁgd%?ﬁlg ﬁ)ﬁ%n[ﬁé[ﬁgm&h ﬁav@ 1R &stﬁﬁh@n patterns or profiles in

properties distributions have a fi Such ;
the s gt AT S e BB BSRRSTYIBG B AP pRosies. Such fon
distribuBSi9 Bsve 2 KRR (121 ﬂlh‘lﬂédlﬂ Qﬁ@ndsﬁor e ineshLk thﬂded@& Thehngruptagesin then dulled as
the dop:g{g ?xite c?eg %e%{]? angedy régtat? glf?l e it % ﬁa?lP/ emI te senrstga‘lc’z)et :]Sg(glginl.l%(% abruptness
of the dbjrét afda aid ip pofidulaethe Hmithd Rlprupeess of @@Ia@trve pdyéon|of fhp fepgnt profile, poses
hrmtatl(ﬁtp En?tlﬂ% :stlgﬁ%ht? b shéﬂ%exg&g to\&y pRitd.an of the do pant

[Tmtations on the scalg{ﬁ dd
sﬁ@i@uﬁ@vtoéww beev/ é‘i°9"s%drtﬁ Fharpey g activaled, GopRREPrifEt ﬂé‘t%‘“ﬁ%fva& rain
JunctlorQeQﬁks@anﬁ’&%&@ ;111@56 Sﬁlﬁhﬂ@@rdvdﬂﬁofaqidamabﬁﬁéd gapaetnie dopedfareh.@s well as
shallowSaBTI faalﬁ Fsrﬁzglgégfe }be]\? 'ea by 1 sers Ianotﬂ c(::%]seso ?c%lgveg?(gtiz‘/ﬁ%dlpgrﬁ })ILAHES at the Juncuon
can beofne tsimeped thpre die améhs asacglgm@ﬂw nnalgnteds hadviewsiy thaselate é?ﬂq&ex processes with
mherengﬁﬁtahghg A4 nd it fufly B& iR Yiedd 853 BEtRr anki ﬂnﬂ?&’ééﬂsoﬁﬁ&@s

chieved active dopant profiles at the on .Lan . eht or

beRlwites ©hwrth BPDITRS, RV ﬁ%enp‘P‘t%r frey b&%beOF |d%""’ BIP‘T“;? ave g
suggestbd3lubsts @, thidDwRMEHs to thhegeblatstraeimplestedpirgctifisis thait. h

15 inherent limtations, and have not fully net the

need for better and inproved solutions. Solutions to

such probl ems haygbheeirt BPGHEQWIRGTION pri or

devel opnents have not taught or suggested sol utions

aifgh prtdM Snveh WhdvRBS dekBest Hﬁﬁﬁ@ atﬁ’ﬁp@ E)Jneti'ﬂis hﬁﬂ/ e xﬂethmg for the formation
o SRS 435 P, B R o s
A mdeh:ﬂl\/spﬂ@r abiotipd op Lttm(‘sbmmugglctcam@s@atmcwgd tlfe(g@tetah@ the gate dielectric. A
thlckemng 1a§§xtlk R ? Osle e%ftﬂlaﬁgrgﬁtk ©n %%&rﬁ&ﬁlﬁdc@r éu§sufat@ E&]E:@nt@lﬂz sidewall

m con or substrate, and ate is forme 1
spacer. g%qlsged @pu@p/ér@mrdp]@ant 1mp}a1§?ddw pre §?551 a} lgast ajorRR © otP]e tFJﬁléenmg ayer.
S11101desﬁ§9r§@@ ehieddah aSeRsE bcﬁlﬂicﬁ oﬁidje&ﬁ&ﬂtsodrhﬁir@ﬂdo@arﬁ ingplanteé ragmbseto form

el ectric n|n | aye | 864de\
oo S50 S P T St L BB Aol
dielectixdlpgec B dtpotited 0wk duewamie laysysane FontaRi jass diggn §<z§fa?dc1@ ihéi Fha]ieﬁﬂc layer to the

Sthldqu}antThé E&h@dﬂhﬁ?ﬁ&ﬁ%k Q%h@‘ bficitR raﬁ@étohoﬂnéﬂi ioh ﬁ@)ﬁlﬁta@)n and siliciding
metho f@rrthe;efgrr;r}aﬁoné){ aqnépé §l|ea%%‘\$ B{g? fqn&ﬁx}gﬁpn {nﬁeérateg Flg:glasourcé/ and %ram junctions.

S Q@£ éiboainantel epaaﬁnvbnﬁfpd aavt @cher atyhroagss i addidanp 26 in place of those
mentm{le% aatli)gvge{, e e ﬁ?\iarét ?ﬂw\ll\ll l%eﬁok%n%nagg'a&&t Optg%élt el&lISl? @r}elcalﬂﬁlfnsa reading of the
follow1hag®ﬂgi degiriptehn esfherciphep with raﬁyr@pce ﬂcsth@@mp]ty% di@gyEes t he

silicide layers, and contacts are then formed in the

dielectric layer to the silicide |ayers. The method

t hus furni shespaEFDEICYPEIOIN OF BHE DRAWIEGDNOM cal ion

i nplantation and siliciding nethod for the formation

oFIGbripticw ahatahgyr invinghernetiesiter af faivation inegroataead with the present
.circuit source and drain junctions. Certain

mventidkhodi ment s of the invention have other advantages in

a8HF- Riisohe stroctuse OfFFC. f|afies dengfitiqnippdeching b ot S REFPEBove.
The advantages will becone apparent to those skilled
inthe art froma reading of the follow ng detailed
description when taken withareference to the
acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG | is a view of a transistor in an

i nternedi ate stage of fabrication in accordance with
the present invention; 35 FIG 2 is the structure of
FIG 1 after dep03|t|on and etching to forma SI devvall

o VAN NI AN NY™ AT 1 1SN Al /A= AN ~
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FIG 4 is the structure of FIG 3 during formation of
rai sed source/drain dopant inplanted regions in the
wo bioskexssng | ayer and the adj acent top of the PCT/US2004/035408
sem conductor substrate; 5 FIG 5 is the structure of
FFE: 3 3 B FToRyrerob Pl i Tobe e famatgn of @ thighpaipg 1o anree yefpcs of the

semicoﬁiﬂdortsh!ﬁtrd‘teal sed sour ce/ drai n dopant i nplanted regl ons;

F ture of FIG, 5 duri t tion
I@ 4 s the sguctulre @ré::i(g % 111@ f01=71afi1<§1 oéraaf:cgs‘?ﬁrf:@cgfm Iaopant 1mp. anted regions in
the tthkf@plg éts% mdahq adfacenf tofi dfehepemibntetoofubdie; dopant
CPI@C§ %t ﬁl@gt{ugtﬂreao? EQ&I493LQ§£ l(f)c%('métﬁploﬁglgt?lﬂf layE % @F th% % a%d the raised

aphi cal representation
sources 6‘ﬁ€‘é’ﬁ‘tt|‘%{k}n8ﬁm@§% owing formation of 10 the si I | CI de

| BIges & tha RehcluR@F BIGUS @L@{ngjfh@foﬁnafu&géf@lﬂ§de IE}J@@ 3 Ils t he
ielectric

structure of. FIG ition of
P 8 Ry cof e A S SO0 e G ol fpplanta:
1I*)IG1 Sislymplgtat wpkesentetiopfof fk Gofil® ofithé @park conpatration follbwin@foahation of

the sﬂlc%matya'ginﬁthe%gce/}:laﬁ'reglénsI s a si rrpl ified flow chart of
met hod form éﬂ?? a device in accordance with the

pFIQS%ﬁ fhe S%Wer?@'é%?t P aifpr dppsftip oEDligheSicily PPV ebesiticifHmd the sidewall
spacer,| NVENTION In the foll owi ng description, nunerous
tail re |ven to gy i de a thorough
ger S tg?]sgmcmre o%flé e fW@%‘i"logﬁ IC—BW&MPJI it will be
alﬁiﬁaﬂem Slmdlf@ﬁ dow khakt| of the imathbdhes farming taieticetiin accordanentittothe present
inventidk®yY be practiced w thout these specific details. In
order to avoid obscuring the present invention, sone
wel | - known 20 configurations and process steps are not

W L i e
3151(?116 %-‘How}ng deségr% ? O%un?eﬁou?? e?IhCC &ékaﬂs ar%/ given ?o ovu;e a tgorough Lglderstanding

I mensi on res ntation
of the ippgptione Heweyery i rall éﬁanpwemttqeowrshwdng tlﬁla@shat Thhénvergippmay be practiced

without nﬂﬁélb %f)&lﬁ@ rd%taﬂ'ss € dn | o'flie[a |t(L atrchfl‘ obsgﬁrﬁ%” e prledeS mvén@onr &b &ell-known
same el orizontal" as used

conisyips P oGRS B a°t£§das% e paruiire e Cipestipging abgdiments of
the appoptusvad esmi-didgranhadic and R to' seae tinde pdrticulagty, @618e dfaheddimensions are for the

clari e I al e drawi .. ts | e used in e
larity &hpf @éﬁtagm @%ﬁgﬁ@&h&ﬁﬂ R il e § %J;@gé 29 %%gﬁrbﬂ\ﬁé?} d in all th

f1ne
drawmg‘%%ﬁt foatete totheggme eleﬂ@iﬁae (as in "sidewall"), "higher"
"TH B “horizdMeTas nsed@ Bélein WIISRHed as aﬂflﬁe gﬁeflleﬂ@d siMsttafb or wafer. The term

i SR SSRGS 81N, BT 8 e
“below’] j Lhwmm ol‘tgp ‘ofsidg’c@t mdsidremall 0.6 igher'e “lowe, Yovefiadnt Gyuder T heydefined with

respect o MRMEEBLE aged to have very steep dopant profiles to
enabl e hi gh performance. As taught 30 herein, it has

padf ‘H‘i“%’@’bQ/fé’i’t%%at?dr?éﬁ““d%]ﬁ%ttheﬁP‘E‘fe(drf’é"’s( VR JEstiope plapaladelgvices are
very shdllnait Tigy ﬂleﬁfoﬁﬁﬁm‘ to hix@Redy Bteeppfo@efnt Pr68es@d edable hlglﬁ)ﬁdri@hlﬁade' Ws taught

herein, émlb@{' th scovere? A E (§o]pant I[ﬁo%l% gla.n be gé/n,eliap g thgtra?es S eegeﬁ,;)l?l\é g d)t(?ﬂes of the

row ng
Orlgmaﬂgti@é@@ﬁdqphrés dopant pr Ofl les. More specifically,

§4s téuglﬁt @? th §re&5ﬁ%ndoﬂt& a{nhl%egﬂoll k&R grolﬁfﬁg §'il(9dé xyafﬁ)tldygcpto steepen the
dre|0nS [ici Ws into

dopant %%Tfﬁ‘isc%‘ﬁfe PGP EEE gfoéj“ 65 8¢ Ve ST BE phimpled egions. As e
silicide grbws im0 Fhe anﬁnphsdileﬂie rdits dﬁﬂa;fhht i@ih® filcoh Bndfpirehed thea3dop it albdyEn front

£ &| ' ecti.o the nt .i e to.the.
of the s1ﬁ<|£1 I’?l f[lg%% ect on gf {hg {:lod)gnt is <{xlle 9 t?e li dmte o?xg scitlur%nhz}f %il{igglpaaté 1Sn, Slﬂlé:lr(]ias, and to
the relatgdsegregagon rﬂ@tea%@e §b‘§¢€é§]mn ltmrfalCher eof at the

Sh Bl'lecdnﬂagdnﬁéﬂt |t§eotﬁmblﬂ$rqg f(@rﬁ&i w1lhnS/19 Qémﬁmgtddrm thlclgen(% by selective
ions that are

S/IDr st
eplfa’“altaﬁ?“e%ﬁ%% %ye%él s f.e%ns a&}lwe]af%w n dhedigme S%@glowrby implanting
"epi"). S/IDregions are then forned in the thickened
S/D regions by inplanting 3 WD 2005/ 062387

PCT/ US2004/ 035408
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themw th a desired initial concentration of dopant;
e.g., arsenic (As) or boron (B). Part of the dopant is
WO b@s/o6s38DWpl owed by growing silicide; e.g., CBPOBRUB2004/035408
silicide (CoSi2) or nickel silicide (N Si) onttpof )
them veithe degiypd jodigeioncentmgon ffdorant f-&i Pnig ﬁ%%)\@,f ‘25?6%% rraft F thefopant is then
snowpfow&i Sy érdwﬁﬂgf'hﬂlcldfe d. F\«)gl] ce&lts;lheﬁié? @E!'B)Slz)d{ﬂ Bﬁm mhdﬁlieQNIShBonSb;J dfat@repi layer.
nt of it ef err.

As the §1ﬂ8%,gr%ws§18mv&a6%8t&ﬂ8rsﬂla%wt éeV\{s exrc]&ass dor1|)ant ({tke selrcon in frmﬁ of it.
t Rafesing hov toFO® 1| thereib isapwinntsemicppdlicat @evs@ agfen gefrtlcular a transistor 100 in
an 1nteﬁn?ela%{e%é e! ? @abh&tl&qg 2 8%&9@%“ tBJ]présQ@ inMEnEGE nt invention.

I nternmed ate Stage, gate dielectric
| dpdprm @%@F‘?ﬂﬁéla@lstag%élﬁatéﬁie’&ﬂ@m 1&)‘?& sachcag BHEPE PORigR abdaac gonductive gate

layer, dugtY ﬁrpolyﬁlﬂd'éh bave Heal déﬁdsitddQﬂﬁ,sedﬁ&M@JcﬁﬁﬁlBsudﬁ POBSbftaeEhtea) sih as silicon.

sem conduct o u rate eri such as
The layery arngfierned-p et%%‘f}@&%mﬁrg%w g‘éﬁ%éc @4 i 258°&%hed to form

a Ryketring abe ke BIGK 2, Gheteddis alavnahgarneurd ©6FIGREﬁf@r dé¢pagiion@ud ¢tehing of a
sidewaﬁ ECCIZIHY& ﬁﬁﬁc%i oijt ﬁfm QMe,t tgqorﬁltar H&KNHH ﬁ)a&t 260. Grhe de@xteﬁlesf)acer 200

osition and e spacer
preven@sy

e@dﬁqeywmarﬁrqphbfsﬂm S??Prtupa fa%S/Dtrw%?%a%F F Geskley & s gt 106,
As cane3€ea rth@@&waﬂ&b@ceﬁﬁ@@é/\@ﬁtla thsp RCEsw RO E/D 1pi@y 60t :d bisao Bdiery close to

S nex m shorting the S/ D regions 606
the ed%r?gt%%éaée Gog @?ﬁ%é‘gpléhﬁg the gate 106. As can be
S éet‘qamne mew ¢ HiGwa | thereipia sleawn2@:striature; off H1E- % fellevying formatiangyy SEG of a
tlnckexh%e ?50" cﬁl%eoéﬁ?fac@ Q@ thé %&Q&c{opsupﬁraﬁ‘, qby aﬂc&ﬁ e kiQewall l§1ﬁ1cer 200 and

gate 106 (as illustrated in F % 2

the gatRé @rihe H@Ckﬁlﬁ% lfyar ?'ﬂp@Jsegthe {eﬁ% It)%lfe}gh (g tlg ﬁlg%ﬁe 9 ﬁl@ miconductor substrate
adjacefit thelGlddw@1 Sfacdr| B0 add fried boaniing drotidimt fob nhebforfiich of rased structures
them(ilacmhl ckeni ng |l ayer 300 on the surface of the

J&M conduct or substrate 102 adj acent the sidewal |l

s Fabeing 200 (@R 4.tthreeigistsbovnoBe stfptere AFIGK 2 Aring 2|daRpetioBplantation

400 torf§11n§§1§h L Ped 8NEre Olin ﬁa@ﬁcgﬁlt tlﬁfdoﬂahteio§iﬂ{pfaﬂtﬁtﬁ)nolb0 I’dﬁﬁs raised S/D dopant

sem conduct or _substrate

il G S O P BB HR RGP SEhE TGP AL S mcondutor
substrdi@l (e drhs tgﬁtbl a0dIsndShe dide@nle spdfer aalemnt as Rekseor he fprmadion pigthe raised S/D
dopant 1mSlanted ré C{)%g % aﬁdS 40§h (Io §1t ‘?‘Jnr Mﬁfahﬁtﬁ)n Q&JO Fi_'sl @en §)llowed by a high-

opant 1on inplantation form such
cempermiurecingati (st rRE FOES) Fma%&%t@t fhe E}Ppéarnted tuﬁ@naoamtm jthgraised S/D dopant

lmpladtéamg@d% mjuoag@moo forms raised S/D dopant i npl ant ed
i ons

3) 03?]‘66 ttlzﬁ énaégT 'ése%%f thF 6%se8$/q ?oga?n 1e nrﬁlla(r:ng(ri] (r]eé ?sr40§ 9191 A&)E mc-i"ude arsenic
(As), solhbmai®, &d2antinidng (it fer NOB Sadediceshanddiorbe Al hndgmam fIn) for PMOS
deme OO act as masks for the formation of the raised S/ D
do ant inplanted regions 402 and 404. The dopant ol
HIERPY $F1G 00 thesindhpvE piapesitiey P’BSFS?OH Fh@fhforms a metallic layer 502 on
the gaIeQU@ &ldavh WeQigud ISERAHopaR irfiplanted RE¥ias H0QL) 4d4ﬂe@€dt1|valﬁt1®r ¢dample, and as

i mpl ed i.np TR t he..kai se S/
approqr%l fgrn{h% 8h<11c§ ollf gﬂ%aynﬁ,g%e met ll& éa er 5[80 ma% %% f%rﬁu% gp&)@eﬁtb(CO)Z 51101(31 (N1),
titaniupg &) Mhipjumt(HB, qraiasreldl (8). D dopant i npl anted regi ons 402

angds494 doO«%L#i’@‘ ‘6, %%%rs‘xk GhowlnAS) fom%% thﬁlﬁc'ﬂﬁ 1£y%’1)s 60@ %02, and 604 in

ant | non devi ces, ( ) g 4 by thermal
accordaprdj itk %/’F rﬁ’)es% EnVF‘WEB The ilicide 1ay?§éf689 rqoﬁ ganﬁo 5 Prrege by terma
silicidfion bied @étAllid ISyeSm\(\HGaS)dr&@mS bitidod Matpiiab afeleat® 006 dnth éit raised S/D dopant

t t
imp la%t%ere‘?l%nlssd'gg (@} D%) nd i LF Fléoﬁ?ar(r% ed (%%g?gﬁs ?11[’ c}%glguog honeal, any
residugl @ pbeinpivieg fom ﬁ@mefelkamﬂr é02 inpichediaway alp?p?v@'pﬂopaétnén“?ro r the

chai tﬁe%llfefde d@@@m‘)varﬁl St Alstd 9D hé}%ﬁﬁm@%d REYONB? and 404, it injects
f or med cobalt (Co), nickel SN)

excesdRpHt TR EhPlPﬁlor dal?anﬁolplampﬁaﬁmﬂﬁw (FIGred infy }“h%‘cﬂ‘b% f{%t 0%: pgsdownwardly
growirf, siliciae Ta@dri602 Snd400\WIhié bveurf Bicimd thosolubilityif the dépehe i séligide & far less than

600, 602, and 604 in accordance with the present

invention. The silicide |ayers 600, 602, and 604 are

formed by thermal 35 silicidation of the netallic

| ayer 502 (FIG 5) into the silicon material of the

gate 106 and the raised S/ D dopant inplanted regions

402 (FIG 5) and 404 (FIG 5) respectlvely After t he

.
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excess dopant fromthe prior dopant ion inplantation
400 (FIG 4) into the silicon in front of the
walowameasgty 40 growi ng silicide | ayers 602 anpC15082004/035408
This occurs because the solubility of the dopant in
the solypilifycoif the dppgntfimgilijops s ¢ 1gail, theprexpginingympgjogwat 45 p/D dopant implanted regions

402 agﬂép%&g%/t&sﬁlﬂﬂﬁ layeft€508 Qhdl b4, |b§c)6m@f}ugt11|9 enélARPRTh th8 dopant. These
ilicon. As sult, the [ ema (E%Hportlo

remaigp o Ffie SR SRR G RS s B o et 0%
then b‘é(tohie @dsp‘bende axm:reglolﬁ@sﬁé a1 @060Athe tbaes:smeodu ghly enriched

he S%]S]ree 1%1(1) arai 6;62 %?vg rt]lga %ggln g@ ng%[nrg %%ﬂg ef? che'ii %h §ép@nt from the
sﬂunds ildyvpre |bdfealsb aifeqne ey zhaam} B@ardingly sy ptseeebwebliuewec%qew@wm profile,

steepeﬂhl% ﬁl@ﬁ‘o@l@ ot (RORp ANk 1608 ofi@any RP1ahEANE hikAd, & anlg‘rly-gfé@)er than the
|ons 606 and 608 havga%ge Vi rtue not

Pt g 15 i1 GRBL U P BRSS! SGPI Peflggs e dopan
profild @tey 1Bededitstenbleizh@brfdd@inaginviedlyw, stagl Boiwes. Accor di ngl y,

th resel r.upt , j

st lg%enle‘i) I,g I}Oh g%;] F$ﬂ7 q@ereu? sho\(v% fa gtraﬁﬂlgag% rg%?tgtg)é oPh® &ahlg 700 of the dopant
conceetratlgn al way ofigipilia rmé@teé mlji apaedinglr, raléﬁﬂl&/% iiqPPI}t &pnlapted regions 402 and

404. ShEGREHe tc@@v@ntfohﬁly lﬂlﬁ&gtbdde f veelRRaRds @eiBélEd l-@@d&$ represents the dopant
enrichnment fromthe

st ee
conceEn O P T SEH &%fepfeﬁ%/ 15 PR 1€ SR pL e rised S
dopadtmlpbﬂﬁcbfegloim@har{d@rﬂ‘f ormance in shallow, scal ed devices.

1OR§%II okvqg Fﬁp\é\l tﬁe?enf ﬁlowg fa gI‘aEﬁga?fe ]gée atﬁ)n Osmla@to FIG 7, of the profile

?j repr esent atl on o
800 ofjpeanent corewsBise F TR thaéorm@twmféhecﬁlﬁc@? fers 6392 P'ﬁiﬁ% ﬁ‘l‘de‘Be S/D reglons
606 agi¥dganneal ed in the rai sed S/ D dopant inplanted

Lﬁ Ié)g%fsnbbg mextt,ng vg}dﬁ?oeggscé&ed én ce?ng%{%fq \ev/vglmifGog] 3 pﬁr%rmed at a low enough
tempeltaype ehgtethd opbuli eegrkgpiantor plowing efftct atoi thn$/Dwibgidne 68thend 608 dominates any
doparEg 5(91%191!'m tﬂé(élﬁcog B?JH@ k@dreglgls )60({ &l %@Eﬁﬁ&ﬁs@lv&h Q“hg %Rgehves and sharpens

ow the surface the raised S/ opant ant e
the dparty Profils e S/Qrfagwe&% apg 6@ i fapt Wd‘e‘fPBW‘Félh?F@OnE
low, ddp@ii QiffsidrSwisNOME SB GLiaRhing€ & adjRplitesieshl Absratn canSieKept @sentially non-
existen© FIG 7, of the profile 800 of the dopant
Icloncentratl on following the formation of the silicide
| aYlerepi @pRitignef ti@0Hckepingilayeh B00SFIS. Peliives ity siligdalawr0BEES- 6) and 604

FIG. kMo @0 SR ad}, FRRb lestsaﬁlg%hllah@ mkhgﬁhcg e&@&r&hﬁﬁﬁ HeRpi depos1t10n should

connection Wi th er 0 % ? OW.eno hand, th
preferpblyy b paiigk @ paseiple f*h%w%mﬁ f%@@?lg@a ch AlgTe pPHie ﬁ%ef and, the epi
depos@foh emhot b&iioo thick @r iGhEy dragicarssive Opadiade GiBhelgrw 106Gt es any

ZOItqo&?Qv%(b glatf Jn&%%a%ggé/\%tttﬁé s%xtl?nvl?df.\hﬁ %Qﬂlat 91@ th'e Igﬁm@ Qows, it may inject

regl ons errse Ves reserves anhd
more Ghmivgerrssstdprenidaip shsilipangh fprs of i It ey alsp equfe\@Faeﬁ%s igg e gfiggn in front

of it #88impldle ﬁk@%ﬁlanca)’ofkﬁﬁdﬂt nglmtgh@f fﬁ'SlLHstﬁhtﬂﬂctl Isfdd of @lfcm;ﬂfc&{ 14iti€e, and thus
ant us

becorp e M P OBRC* TP Smeiopt BoBhRogad e dora

activatiesiedytaisabd yormommaplegxi St ent. The epi deposition of the

t h gfgﬁ{%‘%g’ ‘% E?(}g t%eQn 1(s dllo@n ﬂ%)strlﬁ uLeoo\P’f‘Id @)@fte? 'dltﬂoﬁﬁcﬁ%f a dielectric layer

mperature sufﬁ01ent1y

| ayers
900 qvgyi tgek gificidet IH@FSG@Q ¢ Sg@rﬁOﬁ,gané élrea%qefuiﬂ]csps;eDZQOesTtgtdéﬁlfetélc layer 900 is

deposﬂ&ﬁﬁ? kv @lsdon 4nB ﬁlaja&insﬂ EPOSchrhl) B 48 AP pilate PHodh @@l Wavig a dielectric
5 o produce a correspondingly

t zE)lle F glo at? b% ea
cons a(“fﬁ“& PIPAPREA B A% ot her hand, the epi deposition
C aRefatinguewt t0 H1G. D, cheradr isishowmele sonamt of R Oeafisi fgrnation of metal contacts
1000, %&agddﬁ%hc ewa}n]%lQl ct)mgctsgl@b@ 16(96and I1(504'21% rgﬁéch@%fe%cthbﬁp céhbected to the

dvant present 'invention i s

sﬂmde ﬂqwr&ﬁ%’e@éra@@\éM md roresplTeH) te b sata9Pp andithralD fogiers GXEUSEE
dopant into the silicon in front of it. It may al so
i nject vacancies into the sikicon in front 30 of it
that inprove the chances of dopant ending up in
substitutional sites of the silicon lattice, and thus
becom ng activated. Consequently, not only is a
steeper and richer dopant profile obtained, but the
dopant actlvatlon may also be nor e conplete

~ Ly pemy ey
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35 deposited in known fashion and may consist, for

exanpl e, of an appropriate known material having a
waele@sec3si ¢ constant suitable for the appli cap€DUS2M4/035408

hand. Referring nowto FIG 10, therein is shown the

THEJNVERTIONECIAIMEDPES: 9 after formation of netal contacts
1000, 1002, and 1004. The netal contacts 1000, 1002,
and" 1004 Bpteod G OPeRt fpia ydesicedpPicemrisps:connect ed t o
t herovRlingi( QDT sbrayRlEbQBstrae @), and 604, and

ndo s Eb e eI Eet BorP et D T
| NNAENRE ONIO@l2 ARtVEDG) 0B the Bate dielenpic(om); ( 1100) of formng a
de\f&rﬁlﬁlg glligg)a SRVRI sipz?clerr@oo of? [hgyéﬂgéogﬁctg%g%ﬁtﬁ%m) adjacent the gate (106)

seni conduct’or sub orm n
di el ect PPt gAelesc £189: semi conduct or substrate (102)

5 @l l(lgl(ﬂ)]a]tﬁlaaemﬂg 12)233 @06)1)9 @lecﬁﬂa dpftRia0@b v O @ RGkcbhductor substrate
(104); f dag % (?%' 12 Si d spacer (200) on the

seni cond ? YAt Spfcfb ’adj acent the gate (106)
andormpne (yéi)eralﬁhdeblecﬁldrancdc(p.ﬁ_r@@planfed rayiong(402 1AQ)in & least a portion of the
t hi ckenigi@edifyigy ((363690) by sel ective epitaxial growh

on the sem can uct of substrate (102) adjacent the

si SERRe |(1]§6)a§]ép|1de(1%{§)(6021@0@ R A hﬁt eyg_r:gg) ofy th¢ &gsgd source/drain dopant
sour ce/ dﬁ;ﬂdn&dd@ﬂﬂﬂ(%k mph)&ﬁtf&ﬁ{ thﬁ@/cBa!ikSreé1€1QZ6064&)%) bbdRatBbhe silicide

| t ' t hi

fooo o 1BH tohRo B uad DEenct it SR Bordf 5o R bt Rk g gp

a pPoresiingilidh) 4dneéecwlailasgﬁ90§myprd®’selmd¢ hye@bc(p@nﬁoél) pmipl ant ed

r e&inﬁiﬂ%(l(lﬂég@nta‘w@])ooi ‘1?064% me%QHEtﬁ@{aﬂ:F %b(g i tﬁ&éﬂﬁﬂé la%é?so(‘é@z 604).

eneath the silicid  ayers
are. enr iteheeihwd {1 |IUO§1 Q@cﬂzﬁﬂhedf ih Qrnk h"@vh&éﬂl E&mﬂg thla @Ms@ﬁ Source/drain dopant

1mpla%§8%3glons 4?02,t 4?%)2) urt er c?n&péls»% d{?é‘?lgm% éwnt Ugt@it;:ett 1gﬁamg %yeﬁ,](ﬂ)&) and the
adJaCérztM@ithemcamtustm(sm@@@e (18D04) in the dielectric |layer
(900) to the silicide |ayers (602, 604). 2. The met hod
(1300) d&° BrtheddP0} # cbarr%adm dlaifyeyhsiein foreingisiigide Jaeers (602, 604) in the
raised s’ﬂhﬁi@dﬂralﬁ awmeﬁﬂa@a@@@mm 4041) fﬁﬂh@@&n@ﬁseﬁ .egi ons (402,

0 ' [ nti ant into the
g%)&smn me? lig g/aé?rp {SQ% thg% cfl iﬁ)gcg)%%ﬂl %fégrl,ﬁ me%aBB(? B)EIOTSH%OZ’ 404); and
S efmelemdhmctedary ers (93 t@@tbﬁf tHeth®PJilicidd@on3f the Imetaliie tajeod 5¢2] b@Ohe material

as cl ai pagk hiedGhiddeMah WPE cide | ayers
(602, 604) in dt he ° ral sed[@g%?%%%%&dg%r@ gjgant

i mpl ant ede ﬁ&&dqm&o‘ﬁ@&meé%almfnqr\maﬁfn &R rsih&@eslayers (602, 604) in the

on th
e P2 el s TP R gt e Fo 096, SO persbeneats
that *@Pmchﬁg with| doparg dromatyzee silicidebl@Rys (60)24)604byfu1tlh1ecthses forming source/drain
regioms! (ISOGCB 'iﬂapzﬂe ernclliela%ntﬁgtd%alnﬂ &oﬂil@??@é)schag g e{ ﬁl%ln th &gﬁle é700) of the

materia he rai sed source/drain
dOPa“rtésglf‘Eﬁaﬁgl%l%?lumﬁﬁl 25 4. The nethod (1100) as cl ai med

|n cl ai icide layers (602, 604)

i N>t he earf’e\é,%g’g @é@rﬂ%@?ﬂ&?ﬁ?ﬂall}’&p@ﬁiﬂm] npl ant ed regi ons

( 40ZinglQ41R) taped Drme/Eau depet dinganted F@phoRe?, (@9 Rirthdd Gcﬁl)prlses implanting
ther ebet'ﬂ@f%%lﬁns (ad&alofl-?\/(/lﬁl %ﬁgdnfﬁggﬁd%om %?Fg.l? %&t’slst_fnr opgirsemc phosphorus,

silicide layers er co I ses ng
sour ce/ HHRPH. bqr@glp@wg, EpELLBYRY theefltandr e enr i ched

W fofmi; @ORAALcideNGEds k6d2, (@@Qﬁrtﬂeﬁ@ﬁn hs%s &b@ﬁlﬂg 1 mEtElﬁ@la}ep &02) selected
profile - 700ucothte ﬁgﬁg %i orlglnall b

i mpl anted: * 8015 " FRES Fet Hntc ’dﬁﬁmuﬁ’s PP R aEq 3 Fgpbination
1 wher efhereoff or i ng (1112) rai sed source/drain dopant

i mpl anted regions (402, 404) further conprises

i npl anting
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the regions (402, 404) wth a dopant selected froma
group consisting of arsenic, phosphorus, antinony,
wdeoosne238ndi um and a conbi nation thereof; andP€¢DURINNG035408
(1114) silicide layers (602, 604) further conprises
déposi tA degced 109tomplising: | ayer (502) selected 35 froma
gggﬁ@cog&@tgﬂsﬁgshgg(l@j) cobal t, nickel, titanium hafnium
l'atinum  and a conbi nation ther eof . 7 WO 2005/ 062387
PW@%&KW@B‘E@@ sengiconducipe bt 4890) conpri sing: a
segat@@mjuximegatesmﬂxbs&lﬁab@ (102); a gate dielectric (104)

On s}dywea%lssgatr:c%rg?d’bg o 2reﬁ%b§&cgq%ts&s&&9 é\)l)\%l a'djaage%g El:lg lgfgt% g@& 2 the gate

on thedsbmquductor substrate (102) adjacent the gate

( ;[p@ta)gzp %cﬁc@)ﬁ’xg %Erq300¢6nechg gén{lcl:o‘ﬁdl{c%p%stra@r{l@p hdj A&l He sidewall spacer
t hi ckeni ng | ayer 00) he sem conductor substrate

(102) S8Pacent the si devval I spacer (200); silicide

| siji@deSaye €22, 6644 at iebt Bforli@As the @pipRial thickeniag 1ayen €00);

epi t axi al th| 1 0

r gogilfcgférsmn(r &ég%iﬁp eréeﬁea%%glﬁ' (Pe)lééyell'sQ%(I?déethf %‘{ag é{rreg (lz 18185 with dopant
604) , frhlatheah(edeéwpméﬂ%éf)m th dopant fromt he silicide

| 1 o Qi 900 th
UL (8020000) he i shaacopuer (9 2)1086;“ 1004)

i Ci and
ﬁonfaﬁréuap?eﬂcéalv hedlplagmlaxeg 965Dt 5° EHRSSIPPT B Oy er
e .devj
er el ﬁ‘g? %e ice 80(5 éi%:l%?lwt in. cag(r%% \x%qerelln éhe ePItai(?gﬁl)chmné %%Ieﬁ éﬁ)O) and the
adjacerft @paﬂ]hamndv@qzr sgftrate{£023 emd@mnbﬁumlampd rsLibrs (4041 494X 102)
are dopant | anted regions (402, 404). 8. The device
(800) d¥e éelwa@ a§ pigqdan lan Guiksret the sibadedpyiers q0geh04) in the epitaxial

thickeri@)BeS(300 @L&her@@xﬂ;)nsé Hlicidd Qa)%ﬂ;l (6@X 6@ forhdu @lg!(i)ﬂgrhdll glglzsaﬁeﬁ of deposited
[t he r i se si er ,
metam% g’ﬁfr%%&?} t‘)taﬁirgP a1 eB’lt?i‘é"ll %bge"iﬂ‘gq%g p(goost ed netallic

yer S (5 ar 1ons at are

75 R 0, B L S s g e
ennchqdnm@mapatﬁ @mmh@ Flbqlcw leyhe (@Qu PR et %p%négqoéh@‘)@a% is %’Bﬁr than the
profile {08 of 36 Rnt 12Bn £RFELGBR GoMirhdbildQ 8ipdrs fsbpohhe silicide

| ayers (602, 604) have a dopant profile (800) that is
su@eperrhéhalﬂe(um)aascmmﬁuﬂ 6a1(n7€0ﬂ)ereﬁ1f dopant | acki ng

agp S a nta%g%;sglggdzr: 1!51: g%? {;]0%%1% ? %96%1 %eﬁ)ﬁoru}Qntlmony boron,

dopant Hldslmaanﬁraf(@’fb ngifon geteeendd from a group consi sting

Ofhe @ﬂﬁ&ﬂhﬁm (DD OBPNEY USicidd Nt & ﬁ&ﬁl}(SOZb&[e@t@d frorh A1EHo& BonsAkk of cobalt,
a conbi pation thefreof and 25 the sili ciéde | ayers (602,

604) afEsy TERPT-CPAT IR TP AR CYBYI e Bt ed from a
group consisting of cobalt, nickel, titanium
haf nium platinum and a conbi nation thereof. 8



