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WD 2004/ 051728 PCT/ US2003/ 035355 DRAI N SOURCE
EXTENSI ON STRUCTURE OF A FlI ELD EFFECT TRANSI STOR

WO boRI7dG DOPED HI GH K S| DEWALL SPACERS TECHMITZBE2003/035355
FIELD 5 The present invention generally relates to the

par t PRAPUFFYRCe b rERBNERUCa TN gl PR pHRFEET TraNsiSTOR

sophi st i cat edINGIAINEGIIQRED HIGHRK SEREWSLL SPACERS MOS

transi stor structures, requiring highly doped shall ow

junctions. BACKGROUND ART The manufacturing process

for integrated circui t s TEGHNGBIELD | nprove in

sev dihabress i entign ganaallybylattshe the EbricuicioéfTigegehcd @frdusts, b, more particularly,
to ﬁlg @Jbﬁcag&v\@ h‘gﬁ@ sgﬁxﬁhéﬁ{eﬁ Id%ﬁé:t EL‘ISI& @ slugildds\f\%(?éjé%nm%:tor S ctures requlrlng

el ements. PreSently, oreseea

h‘gt‘lPi@"H"r‘é]"hélllqth“’fé)‘i“sl nt egr at ed circuits is and will be

based on silicon devi ceBAdneRt)UNDbﬁnhl gh avai |l abi | i ty

of SI‘h!: tn&%ﬂc 'ﬂlgitocgg F E mt%g%teg cufts corgmues to 1m (-f%g %Ségée}af Haé/s driven by the

rocess t EC een evel op

pI
‘°ﬂ%951§teffaléscfac§é?é,e dwnk & foatep pizes Af t!tevrelivqualngcmmlegmat eRiesently, and in the

for€sbdabltl iffnfe, @fe nhajtﬁlfyetﬂﬁlﬁ@rz&@(éh'bdﬂg s8N St Bétlﬁféd off @h&ﬂ%@ces due to the high
nce stor e

ava‘ﬂgoﬂ&yo LER }\&su{bsf{rgtﬁsé ?nsc’i? 9 to W@L?sg&%{;g prs(fc(eﬁe Iteaép [re }éthﬁ&}ﬁ%been developed
over theipest de%iesofA ey mmstle(wmetgemgl ciréwits ofrimryeapé pavkiogéasity yind enhanced
perfo@ﬁanw 19@5‘ Schalitg OMQEH)@P Went@ Bdn REIBS YarldS¥i éfe@é?ts g‘ﬁowde the huge number

n manufacturing field effect
of rapae <R PR Y heperstia i dh e S ReR PSR dgect ofpe imporat
aspgﬁ in eufaeagt Feld bifchtensigat Bving edteddgetshat is 6o ndidibs oftdbength of the
gatf Qgcmemﬁpcoﬁtiolﬁh@ﬁmti&; oY %ondmmlmnégﬂﬁ{ f’ﬂtg tﬁegso&i[ﬁ:eand drain regions of the

SOUfCS_ drain reglons of e transi sto
AT ¢ heaf?afca Pl e BTN OT di° TR relSRt s o PondicEifetsmicgidactor regions
includingldppints\of arsigverse oorduntiviofr tyfe@oryirts to thé\adphil i ¢he d@RaMMNS cBftalline active

regfofl elgng%%tegpp\géﬁqtél%l ty type conpared to the dopants
n the surroundi ng crystalline active 20 region,

|

e. g Alhoyel fip Sednctir O fhe gaigdsugth i geogyery Artdbisiagge stomer and faster transistor
elem@d;uxttuhﬂ utpfowt RE tigad uhbiagn ot ikuds Gre ﬁ&&tﬁﬁaﬂ@rny‘zofv&f to maintain proper transistor
perf&%aﬂée%ﬁgred%ﬁﬁ latg {enﬁlp d(%rre%ﬁatllgr%}ng Fa nﬁgl th?st rgs;)ect 15 Ithe é)ror\]l}sm% og sf'tallow junction

t urns out V er
regigpRef €1 SHSA 1§ drainisEignsaWhieh wreeles ﬂ?‘hﬁtﬁcﬁp‘é&h PRI o fo minimize the

resit®ity G daRg tidrge aar’ﬁaﬁi a68 %e gﬁdnﬁel Itceﬁﬁiﬂactlv%ta&rh%a o8 MQIdRG and source
vi si on of

reglttn%s I(l"thlz Hzﬂ&lreme t go? s a oW _]unc?l’ons havi rg(r: ¥ 1% ﬁ&nda?t%%ls Fwo&ﬁr’gnet by performing an

ou
lonmlelﬁﬂﬂwwmh eq @é@ oléavha bigh dogarih pagkent@ionl bayini wiptofilegimt gesies laterally and

in defth.NTHRIifHo&Rtidntbe a Rléh ﬂ&§ bSlopaMts $n¥o d dysa@REELhR Frel REW IS, generates heavy

carriers fro nel to a res lve ContaCt area
o 8 R SRR o GO ARG LR TP he dopans
Le. anhHPIP@W the Aperitoascrisil bitey 2ad i gire ho hehg tiysaltdgmags. However, the dopant

con@eﬂfﬁﬁ@ﬁ] s MindieEd b}hl{e Hﬁft}t & tﬁ@ Jﬁgeaﬁalcleé tg Qle&tf@h?ﬂl%é tﬁy do ants This ability in
hi"gh dopant ‘concentr atp

en

&dc by %F 8‘3 d Sé“t?‘ﬁ%ﬁ(’f \?}ir‘}"éf’é‘tsl %tﬂer%hcwy Crygiah Mqﬁw&fépteﬁdes the dopant
actﬁrdmgn and the odting bf @ystabdanagd) inglbsiretbd@ano diffekixpand sccird Hlﬁmglthe annealing, which
ma}plgaﬁst(; Q‘I‘b drr@c@ dﬁﬁéﬁlsptr(ffﬁet QNlﬁlerI%’ean %\/ﬁg\{&g aa Ejﬁ{l]%fatl gosnveng onalgnrocess flow for

danage in the crystal structure,” an
forrpipg eoBYsHaR! Tgly g reltfigmrbe despribed e@fctevatemﬁgl tggoblems involved in
moxeld@a’ﬁnts 30 i.e., for placing the dopants at cryst al
the heav

t
Rt TR E T I  pan Lo  f—

opan
mar{“f‘t@“fﬂtﬁ ﬁ@& Thg tpnaistor S@Vu@We éQOrqOEIHFSPSya fibtiiatg A0l tyiplvelly a silicon substrate or a

subsh@tp aidtuSing al hlﬁcSn tﬁ% | th Mﬁcﬂ &h acfivd 'ie%loh $03 15 Biclosid bthaﬁ(h’@tre%QJ ibfhtions (STD
|.Con C

to2y a8l 8 e P B oS oo S i b o e inuacon
curing of crystal damage, undesired dopant diffusion
al so occurs during the anneartng, which may lead to a
"blurred" dopant profile. Wth reference to Figures
la-1d, a typical conventional process flow for 35
form ng a conventional field effect transistor wll
nom1be descrlbed |n order to explaln the problens
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substrate including a silicon layer, in which an

active region 103 is encl osed by shallow trench
w0 sokasizess (STI) 40 102. A gate el ectrode 105P@HUS2003/035355

formed over the active region 103 and i s separated

a |nsulat|on -1 WO 2004/051728

sl PersB B8 o Biouered sthel b HBFoLr b tes dimension of
thetghte elogtrods 96 The portint pﬁjhﬁg{dtl\gaigwnllwnglﬂchlying the igéte InkulftibiElayeR 106 represents
a chddGel lre%foﬁ rl@ﬂ dlS%bS@E B‘e%\lvégﬁ] s&’tﬁce aﬁ(hﬁaug gctte%m T %t&ng q’%h%@nsa al ohbe referred to as
.portion of the active region 103 underiying t 6 5t
t?ﬁ%ﬁ?ﬁtlon | ayer 106 represents a channel region 104

di sposEchl fredesyelon & dathine tlﬁlﬂdlsﬁfoﬁdtxﬁctﬂé(l(mms khoRn [n&%uﬁbrlﬁ may comprise the

folﬂ)@ggtﬁ'g& ”?tX al S/Q’(ef efOI[n%P(glr " %et osha?l%w tr hD ISOEH? 91} O?& by sophisticated

o] Ca roceSS Orm the ransi
Ph‘é‘tltﬂtﬁ’&fta@%ee“i}@tad degositiqnmsthpds: @Btpréatlplaseﬁwyceebqumt to peerate a required
dofatt| phild (8@ SIDFVALRithth 1B &fFe redinl 108, TIRFcAMEH, iR inshin layer 106 is formed by

adv%%%!l {))){? t%rag&} ¢n Io‘g’l (l) at | holas dlgho é‘qugedst %(HesF[éftHsoraagc ec‘lj‘tﬁ the gate length of the
gat? AipAadst 1&@ i E%Pnsféq g?éﬁw@@‘f?@ léarsrpa@dled) from & golgrdliver Ayee bameans of advanced

phdi@iehd frahel ancﬂé?dﬂaﬁhm@fepfﬂléx? ak PR ImpIRRNE) it didyl vy réfggnc@ﬂ:(w M Qarried out to

TR g N AT T
regivnt W8J4As mettbps]a nptedy sialingdhd daiedéngd 96 tht at elicgodad DT fl@dedudes the extension
reglol€ 1@2foehe ﬁ-%&eﬁ Rfsndilde cthgedgl%%lgnse\!vtﬁlca @%{s nlcﬁ)étefi Tapqp9 in the range of

the ectrode 105 i s terned froma po %
PRV Vb§ Bistobf st ErRel D eIl RO SURY wec s, the ion
implaatation 1§ Gscarridextt witl reldtioaty onphagyt adpending oh thel iypabedbpddys used, and with a
high &d:eto SRGRe 0te retpﬁre(ﬁ:ﬁél‘[ doSQ@ c%%em{'agon \’Vtﬁgnrﬂ?eq%&%mg ?ep %Qst 1%8 of

a required conductivity t

103F1E0e t1Rerhepgticpllr thovh dhe diapesins i sprture &Qfi ey @@@cedA@anufacmmg stage.
Sidpragspaours | Y whizh exd typgelgl forrgd bihicgadikide Qﬂgﬁdan fifridt BR f@RALEat sidewalls of
the %ht@ QIE&B&LGW}OEIQQ i®Ha %Q%tsr fig axte carmr 3; E ons %ec% %epgslltg)g rg]tldiamsotroplc etch

be provid as s
tecltnwa?Sdfa?féf‘d toAst ag dygplantafiory rhaékSrfar@gsebswer& Bn gpphantssienmequetoy 112 to form source
mﬁﬁ&m&&ﬂmamnfor a gate length in the range of

ap pk?ﬁll VIoS ]?I ];?agt] Co;lr fg ahon qtlnrealubthg?c! agtar%} Arz?n? regions 111, as

| Ve
Welbl epEnhe PPEjen@?P teE'enSt We S(bﬂlatd%vemcrsstm dJuhge angbnerhtbch dgging the implantation
seqitn @R 161D $B. tTBerpX6@Vd K6t tfe@cfneﬁt Necn' £9 lr'dpfdQﬁ’enﬂdl g}ﬁleg 019 @Ql%rally required, on the

centrat|.o gure
oneFRC G b8 Sty S Cbns e PP P S et g souree
draig gegipas Hi @@blthmtmtuamegms A¢p. dt mgeout, Sveheahbi at Bipladwpars cdhdddtrations, the
elec‘ﬁfﬂ:hlfébtlvaﬁcﬁ b Va@id @Rk adn i ESEQS @iunftédleI &R l@?lﬂlsa%fﬂlﬂg oﬂflehdopants in the silicon

e Gl 54 S B 0 v S S s sive reions 105
therﬁhyrsrwdic@yy saipfomdsirig givetchn gl @sifdringite. aul tha RiharCand) pffﬁleletyehestabhshmg
the tcﬁtﬁhlfﬁie%%ﬁ&urk QVtthfl Ciﬁer so'the QEJ adf IJeéT&xIs alnf %&d 91@ eW&?sh)ﬁ rgg(i)ons &}08 requires

I B, uent i1on i rrp antation sequence
re ag\g I‘}E tera]?e&tuaets HE %&CBW%Y lgtgltunepgerlg:} adich g@y,yhowg\te@ @nduh/ increase the
dophmt giffusitmp @Dl’(seqll_ﬁlﬂsz,amﬁadieaiff lﬁ)ﬁ\adeSwtl’t ﬁﬂpﬂ:btﬁ&ﬂtﬂ/aﬁng 4ne ceay the @ansistor structure
1oan§Le&i{n§ 'apdeglgegdirggh§iﬂ1‘tls]atle 'scdled to a e le lo% Q)Otml?tean e)zgene fgss tge issue of degraded

regl ons , severe
trangi e PPrRTBRICRI e it gyreyced @chaw avivots mSE@Clsrélq @etwete@,dop@ﬁs and/or a dopant

proﬂtaaurrema;awﬁswheeva ntbeeaetmpharseat ment, such as a rapid
n the one

t he dlg@% 1c Scli]i matt(’:atllé sh%ent gﬂ%/toraﬁw [ ﬁdd eb completion of the manufacturing

han
Procssib Mefa‘rﬂltcat tegiogsd & gre foatldduoz top ohibe grhgede HtSrauttheidrain ard source regions

1111 WHch Sy rc@l@ri@@&)balﬂsﬁl&ld@ of ﬁﬂ'o%@ﬁapﬂx%%r}aérlgtﬁﬁpgf aex)éfreﬁﬁng}} Bl Contact lines
113 R bk BRG o e B 1| o aiovile E el GHoch{p fartercru

rapid thernal anneal cycles is limted by the solid
solubility of the dopants in#%he silicon crystal.
Additionally, the dopants readily diffuse into
undesired crystalline regions of the active regions
103, 30 thereby significantly conprom sing the
tranS|stor perfornance On the ot her hand efficiently

. o .
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35 transistor performance due to a reduced

conductivity owwng to insufficiently activated dopants
wa@p@4osi7as dopant  profile blurred by diffusi onPCBHUS68/035355

nore enphasi zed. Figure 1c schenmatically shows the

stor str ure 100 after letion of th

cele el Mgy S5 dfucmee e oo FRVB- i defitsndnes 13 e opicaly be
cofpyfspread m@%‘ﬁfetle‘pi O@Ier gphrepripgtbarried sec4dhode mi@Fland t he drain

and rAMKLCHe ﬁx&ﬂ' siidRie redibds IIWpﬁQlymhféftﬂ% Iﬁé §&10?Q)P & zgpproprlate refractory

e or ppropriate si
el PR SIS AeFrfoe Fooolat s s crepors 115 havig a
mgmﬁm@dt)wwshebt rtSh@n@rdan mh@n,&v&ﬂlﬂﬁﬁ&nfg&@vﬂﬁ&)pacﬂ. F ofnﬁng the contact lines 113

is 623{8%31{ blgglgi ectﬁco %% gg‘%r é@e&&{cé poef‘ El}o&'h)ralcl&l Pattterﬁm thf same to form vias

thafprgy é‘ibsfiq?ﬂ“&f @Bﬂ Wé’éﬁ meﬁah éféer%bﬁlmshamd admseoncl@m iabypically Tormed prior to
filling inglee bhlketsny typically be conprised of t ungst en and
oth %urn?gocgﬁrgtpoﬁllo%? trg?xg%tgrl st?u:‘]cmrenl%o %%Ql?a%il?}% htrerzat 1scgt|o |t139 contact lines 113 and a

Form n e regions
COWﬁ%RPeﬁ%@H‘M Folgenigdhe gatsrelegfoda A0Sagopirad pir thalC@e pidnrNrdiapeltransistor, a thin

chandl ﬁmﬁﬁdhé&hb{ﬁﬂ%@éﬁ o4 sﬂbsﬁh&iatlﬁ@nﬁm@@%&‘ gl%‘énsamﬁlﬁﬁ'éd by 114, wherein, as
metal silici 115 havin

pregl\&?sbl nofed tg? &%lsal%?r pe%?rg iise> amgne qthers,, S % CTIH Véle?eﬁcéﬂfm the transgltlon resistance
fromyj thy @’Glﬁlel Bden ﬂWl%‘anSb’e irgegpni €@Bvand )frouidpfesheet Foistamdadn tha@egions 108, since
subSterifaBClo rhekal Qfcidk I folnfed GAthE hies Mg B¥he ABRQRIS @&m%g the extension regions

1052:i an, ?l & ﬁltﬁ{n:?gd ql._oa ee r%gg%ﬁ Qi 10 Ce? gx}éﬁﬁr}l{;}?xglg Sm?ﬁ%tlégi%e and restricted concentration of

acts'ettfb@q@éntm gevice pdriguinangetihdegradod} epecialyier exirémedy scdlédriransistor elements 100,
theﬁﬁ;r 5drt€aﬁlf 3fduwag hl@%ﬁ@i%a%egm{ arb en%r){ﬁv Gialided bg %LfaYHFg P roll{c%{rt elements of an

; ing inthe b Ddri1 ng operation
in elgfagﬂglfcg’lt or structure 100, a voI tage may be applied to
t he Iicoevt eftthe dbbveggobleins, thandlexdsts alddedcfor d’nﬁﬁxﬁﬁﬂﬁitﬁ@n@@lﬂi fofhing field effect
traﬁé@dmt ﬁg@urés%at R@ldgﬁtaﬁeg fg?i%f Ea%ﬁ?re&%é tl?’e%rc%pems idlsnn?}ecf a c?veC ase

an N-channel transi in
t he channel region 1@I§C§9§§3%9F|11§YE1§Tmmr i sed of
el eGhe pessyt invadion @érﬁﬁll)bgéhékl)ﬂ theWWhd igd i) thﬁ%lde\ﬂﬂl%}ﬁc% $lade of a dielectric

mat@ﬁ)el:l @}gl b.lthlgg h gﬁ % wlﬁc%rz{' mag %ne the gowags c%I tlilesgta i r?l,?%trode may promote

Sl gnl S on ranS| 1 on
charge St ?‘fé‘m&‘ﬁﬁ‘?’m’élt e1‘9’4er biye tc?féucélet Baigh @ hfﬁélgﬂbﬁhsml%coamuter simulation.
Thif adantigachs &H&etnaf 88 Icéiﬁb@féﬂ: Qnth rd Hiéﬁaiof)ﬁg bR0Sr 08 obt§1hé?lcl%1 out-diffusion of

dop§er ﬁgrﬂ%\n (%Lle(%lc r{leherla ft1be &1 é%ac?r?,] 1nF Flﬁ.luﬂ(berli/%g!tesnsmn region, thereby
aV"é‘%’lg é‘i*@l’lﬁﬁatroé feroand t@SSIgllﬂEardm dnprdveag the averall@oiucioiy «f @ transistor element.

r eglA&iaﬁimé Idlene lil@trativd Jﬂlﬁ)’dﬁlﬁlblﬁ bﬁﬂé ]Lryseﬁ lﬁ{vgrglolll alfehGe opﬂ%%% field effect
ent activat ed dopants,

T M —
formaedtoyes mﬁoyvegmr@dd tepanted tharaiomedly @ gee insuladiQOlayer. t ABdaethgtment is carried out

Wlﬂpﬁé Edbﬁia edo Q{fftl&%t)ﬁdnﬁ Groh 1@&‘4@&1&1&9{%%&% tf?era%tl\g%&?c[nQ!) If&{m extension

q’e‘ija/ g the circuit, e
reglolﬁt bei. 13¥ i ?cms:d?yfr is Pqﬁter\l}?dég\,fogfl sigyal] sp3epyeat ﬁﬁ@@]l@f@e gate electrode and
an implert@ior piogshssis eartdedt Withrtheasitlewalpwe ds irLiltitiod sk th form source and drain
regb® M ng field effect 20 transistor structures that

avoi ds or at |least significantly reduces the probl ens

i defitsPIing & afyphes Hupatis embBestEenon! thawERIT|IORntPhe mpathed @f forming a field
effectrnassidtor mpg@nmﬁahﬂn)g ah @dnl ﬁﬁarﬁ&ﬁoﬂ ﬁ}@ceisa&fonﬁ AT B dl'ralﬂﬁtaglons in an active

reg1§ﬂ ﬁrﬁ%@t IonSJJ &b %t% tﬁ 1nclu8€ts a %?93 e?ect??%% rf%}‘%edaf)\gr f%araﬁga r%ﬁl]on and separated
thergﬁ‘pgl by @jémpqsxgat@p lqyprewgngne the|getetekeqd)ge havesjdepalospadess formed on sidewalls
ther&iﬂ,a\ﬁlgtﬂh LOLS 30 dHLhIAGh AakIONNER hhGaa %a'céfé 458 r%@%’&h' V@oped high-k

ol A DO BT PO REGTerSui S o e i
dopant concentration obtai ned by out-diffusion of
dopants fromthe dielectric material of the sidewal
spacers into the underlying extension region, thereby
avoi ding an inplantation step and thus significantly
i mproving the overall conductivity of a transistor
elenent Accordlng to one |Ilustrat|ve enbodlnent of

o r
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with the substrate to diffuse dopants fromthe high-k

dielectric layer into the active region to form
w@z20e/05i7e17 regi ons. The high-k dielectric |ayreT/US2003/035355

patterned to form si dewal | spacers at sidewalls of the

o2 15125l 89 A0l A0S 20 PR o 0k b by e
HHPIG‘FWPISHG?@&% Maotepvety th Iigh-l ‘é@‘?ctm éayer35pa@tcm®1r tol fonrg higrk @idewall spacers on the
gafeWkduld@s, 111 ustrative enbodi nent of the present
mvengco Pod of formng a field effect | .
t r ansfEt ?‘“c ‘S'IIEE’ESF‘ grother illpsprafv Frphpdizagnt; of fhe pegsPLiReBtop.gymethod of forming
a %ﬁlb@e@sdu‘me fdopath ssoigendetannetiot raion a digledatitSregioh edpa&t ithéSormation of a

dleﬁe@tﬁb Q@er RVQWI sgl%gatpﬁclﬁ)dnﬁqpessteﬁng&ﬁu&g%éldnn&llle}éﬂ‘gt e c%elgc%wq%lar comprises an

1? f roe rmed oqver active r
oxigg, 8 laptpl B‘WB orZixgopugn prdéor hafpijg ﬁnci/werthanw]errdév rXﬂltnldreargl@t sirontium. A
doghie &t intoalieceliais the dilaettid lfyframarthe kwpethaRd isOfn&ied Q&S\/&hfiﬁﬁe dopants into the
HibsheRt i | aptation. mas
se. SII wal | reg}ggagﬂeﬂ? g%%?tg§ } 2{1:“01%/ ggu eci g)oforenaa ﬁleb FI\]E% re&ﬁn al?ove the doped
Se"afc’éf“e@f Fegion,| vilpisin 4 e paviicy accmh@atm kbslpw &teadislestric yegivn is enhanced in the
presanty ofed edrbilearibgad. treatnent to di ffuse dopants from
fjlhglhg c?tg(?d%cel w1§1 é/et ano%l%ea ﬂl{tjs(rglrgtzllvg %gboﬁgqgét%g%g 3§éeg$lﬁvé?tg’w ﬁg]d §gect transistor
COTRrisgs dlogste eﬁ?ﬁ‘i“ld)ﬁl &ringd ghove apzaptive gersitcndwtor mzion duCephrdid thenefrom by a gate

mshlﬁﬁbh &Wr abbRAhigh-Q Gi@1§§rlc P&Er%ﬁ:iﬂﬁ@rfts ard 1*3§nela bl Qdel@algl oglélg %Iéé' éée%trode and over

tt h- k [

o ppRUCEs O REbIERDSErich” A Sl Btllitiomgf o &4 1R SEApRIEHee between he
SPanrIGLPQFIFtataM/éIe eerbionidyrton tregivh, tshin the epeat eldnfeut NdqiralNor Hgher than, in the
ser®hdieWr 0fiod. OF rri ng 5 a shal | ow conductive doped

sem conduct or ion below a dielectric region

conpri ses the f FDESCRIPTION QFIEFPRAWINGS o1 over a

subdbe mvestianredy b umigrstobibysefriene motie foﬂbwﬁ@@kdﬂlﬁmon\kh@{ al cHnJunction with
the%&@mﬁhﬁthg@ﬁéwﬁﬁg@ nlx @M&lrhkggmﬁée%ﬁﬁerﬁﬁdgxﬁél 1&? elg{;eﬁts %Q 1n w 1ch

nd/or zi rcom um and/ or hafnium an
and}?xg}lre%/lli q Eﬁ}ﬁx%ﬁtfﬁa/llb rshtgxt Fressrspctipgal Xiewsy @6 &rftangistor structure during various
manufcudigiseed of ftyfitebcotvedtic@al tofocdds ﬁcﬁyafd and the substrate

i's @fgﬁ}gsaia% S&Qm:ﬁl'cerll Y& %Ps%p[ oRal v enft a s icon%ucto&o{lluo CtoLF()) me form of a

ric layer 1s erne
tfa“élsfgf %Ilu%_t&rf rdf“é“gr SEPUS AeawsEng fiegey epa@eprcbeces\em iBwhetive eobodiments of the
pmmegmammnmhereln a charge carrier accumul ati on below

t he lL.ec egi on_i.s, enhanced i ence

an g%?iﬁﬁ%HJ ﬁgét? w“?tg I of° Y”m“cgggg%ﬂ%ﬁ &Ft WV@We homs, specific
embodigepetherpqf hers ppeashoya b od pxrmple inghe drivengs peiseriterein described in detail. It

sholilf Yeikdér@ond, I&)V&fe{'ee |t1(111t ﬁé ﬁ@&fptl&nﬁl@{éﬁﬂ o8 bREific GHIBMERES n@ iRALA to limit the
regi on

d f duct

inv e% %Ct% rt e eart%cu ar ﬁne it soeﬁ,]alﬁy \é?ljér%re}/:nwg %}Qeﬁ{ﬁ?no]l(s)' r’cq &%y@'rall modifications,
equw&% arhi, Pniivels @lh@tvmucths p‘l&ﬂi@ﬂd edoparefithes ingethdonf 23 rdafineld Bythe appended
claimb.dewal | s of the gat e el ectrode and over 15 a portion

of the sem co% or ion. A dopant concentration,

at least at a S)Jfo %AW NG QUE THEINXENTIRE  spacer

el eHipyrative ambbdineets sfthd ioenithd ate desciited badsw. Th Gie mltefbsﬁdﬂelanty, not all features
of et rnnﬁén?eﬁﬁﬂ&nsare gaudka m%ls mﬁéhc%ﬁnp?f?%u g}oulrﬁ%e appreciated that in the

enm con duct or gl on.
NGEEITHED AR H??OSWGWHE@%WE%&WWWM derigipusriost be made to

achipg thiehlevelopérk’ Gydcitig gobis Sich @tcbrﬁ}ﬂlaﬁca Ken syht@m-@%dléﬂ@ﬁds@&s-l\éﬁafe@ constraints,

Whl%l&&'r#é ba%{ dﬂgﬁﬁﬁ?ﬂléﬁ %’[l(%l t@g\rlioﬁ]lgrs ‘l\/t(oreover w1jﬂ be Wweglﬁt_e E ﬁ égevelopment

effoyt night bg Eqmtai“% EWF?HW byt grewld Q@@ﬂh@ﬁﬁabe azjoris uoctertdcmg for those of
ordihapdhBl i the it b iglGt bunefit OLthis Miglowds.i ous manuf act uri ng

stages of a typical conventional process flow and

Fi gures 2a-2f schematically show cross-sectional views

of a sem conductor structure in the formof a

transi stor structure during Various manufacturing

stages in accordance with illustrative enbodi nents of

the 25 present invention. While the invention is

susceptible to various nodifications and alternative

forms, specific




10

15

20

25

30

35

40

enbodi nents thereof have been shown by way of exanple

in the drawings and are herein described in detail. It
w@baulosi7R® under st ood, however, that the descrP@I/U82003/035355

herei n of specific enbodinents IS not intended to

limfg the enti the | ar for

di scloSea™ %Vep Wi hlgw i‘i‘fsf’réqgél tJtll’i CTENt E’n'ih‘i gfached figyges. Although the
VargQyy egions)| a|nd provelies @feat sepienducBP devipy iaxeadeettdsip ttarithwings as having very precise,
shadd &oﬁﬁgﬂ@hbﬁé a&d ;fréﬁlés' e WilteR i nd é}?reccb%tu% tgat 3.{;' geali?t? ARE rgglons and structures

are A€ i nvent | on ef i ned

oSSR 1@&%@%&6&% Ptriiiéﬂqn eleRrersizpoc e srowdeatures and doped
reginhdegticted it the drhwihdsemaly e evagdenred ar &dld:&ﬁﬁfcbﬂﬁ@edb@ the\Mize bffthose features or
regtohéa 01'1 @Jbﬁé‘a?eﬁtdegges Clhﬁ(lérﬁléﬁess gion at@l:l‘le%fd%%nﬁ ?rﬁ mc‘i)udedfjl Q) describe and explain

al | enentation are descr |
‘H“étffé‘éfi FElBiob e Pleperiymyepiost Top P angepheapsp pisd Peteio dhot e wnderstood and

intdrpretédye hada ntbenie comisent witfihednyerstGikl &‘Qﬁob@lvorm&)]%m% ithose skilled in
the '?éié@ﬁt%iis Nlo Qpécﬁlr@ ﬂ%ﬁ%‘ Qn 2 eCI fe{sg i gea(i: éle?un ongtggu S c[lffegeﬁtt:ﬁom the ordinary

to achi eve eve spec
anda%]StmmPaaﬁ% & YRfartiood Yy thewwklétdat éd aiandmtsmisd e Smpplied byt @oksistent usage

of ORAH braghfikShereinMToGH: e\Qﬂeﬁt'tha’t/éifebﬁl fnr PRALGE ﬁitehﬁetﬁ kcﬁiﬁ?ﬂ& t@t:élaﬁ) theaning, ic., a
at e at su

mecjtn%g %HIQI‘ tﬂa% that i%l\lﬁers%?ofd%}/ tkkﬂlea alﬁfanso éucl& 6%‘? @ )deﬁ:r(\ﬁlan will be expressly set forth in the
Sp eglﬁ%orbl@ A §‘Efﬁ1tlﬁl§j‘1 mipner thabditedlynad aequivetaig srotides she sp@titli danition for the term
or phagter t aki ng for those of ordinary skill |n the art

havi %he be o%. hi s disclosure. -

2003‘? %é 7 % SiHsE Histratyg gmpodiracats t°f thﬁ DiesqHt; igygntion will now be
desgiibed, whergin b@erd]e(gtqut(b egtionihivingr elfight degee of dpird @ondéntrativh @Cobtained with a
mmﬁrht@“é’f%ﬁystal@aﬁt ngclﬂa H@@ctrlcvi%’ell P Hdv Ee%gil)&@% %{%gl%/ {;9{ &jgeg'nlflc.ond%ctor region so

emc UCtor devi ce are e I cte
that gl tlr.eé)\ﬁs%e Qfglp ﬁxt?ﬂlaé Elecéré: ﬁelds?,pd{t%eaﬁeg ﬁhqr@lj:prger, a@qquulatmg is created due to the
incnogsest pekraigivityt. hingles skpebt] Bel teinm “Highek” aidlecttie (Be@gl’blr #Rtetidl & meahtNo specify any
matE@a@lzﬂhl:b)fmg b pe@rﬁﬁuv tf@htggclg%d@ﬁh Baﬁ[tﬁ{/\?\t} Yf tﬁe co. r%¥ nat dl?lf:ctrlc materials silicon

se as. indicate
d“”?ifeani’ gifisop pifride ohishy depspding e heprqcess secffnea«t f‘i’i’ @gmemddld@pedayg, may lie in

the rapgp of agprakinmiteiyt Botoi 715, tTheas, drt&vvolmgmpeylﬁbﬁo@ &a@gearsat 88apBended claims,
the Eeﬁtq %&q(”qgat%qu ?e'ia%ge e;scegn 10% 0 Zper(?{évee:l% ﬁenI% élfio?ea L othervglse specified. It

ons on ricat eV CeS
Sh"“alti %&Eﬁﬁ e1adgdpb it Hy PresmnbinyorEanueis adveriagdensiy b¢ tred Bantle Expdtian of field effect
trankibtbril SiAdr @pdcidBy X RiFRIvES e@d‘nm&d’h@gl&fs %&lﬁﬁﬁng' d']MQfe; bdﬁﬁhcugtp &han conventional
devi‘é&r %WQJAP' elg I}% ey ?es o%l ?hg presegtr 1Iel¢e1r1]t1o§ g%gatlsg ta%ﬁfa%&l t?e {lilg tq%gation ofdother circuit

I nter pr et a nmeani
elergeny eastwdt&hgo@ﬂwmc@ ereh@wughaéind dgpk¢ gmEendogtortidpne e

ski Fiee 24 ﬁhenfafi@llf SHoRY @Bﬁns@t&t strutige §Wﬁcl@dmgdaesfubsﬁﬁt% f291n wifh may be a
definition that is di

s1hc? gugstrtatﬁ ea 510 X on— shlatfro(ggﬂ au%&tﬁa& R %;heﬁg)gwplil@e substrate as long as it is capable
of bmdetrsqc@cdenbspndmmseglgkm | Elab aktive tdgien 203t is enicBset] by srishelord Bucture 202,

whidh€is bﬂpildédeiﬂ t}ké)ior&&{t‘ %)ta§11 f@@ﬂ th‘lzzI ?@ﬂt%f a Qb ?rle]ﬁcﬁrsma@crn (Eﬂ’} Wrlture. A gate

Q N e exteni a termor

clec i At 58 P R S0 IS B AP or B g, Ppioge e e el i formed
abo‘@ttite@ptlv[e lezien 20feend urseimaeti thadfrdmyb}sd(gateh&ﬁiatﬁ)hﬂdy&aﬂﬁ ThS llhfethl @imension of
the gcafeee@e'ct?dde g(%f i'efM’rEd 193s e lénﬁth %ul%égtﬁaﬁia ﬁ}{es %l g&i!?m llil Ge active region

eC|f|cat|on|na I ona
203 SWGWP%%P Fh9 gﬁte éeggta éssmtthf*era%é{g,amrox@pgtqlmﬁq 20@|11mf Offurthermore, a

dleletctne ldy@1200 is Gorm@hiversi. traddstoy éttubure B EW @NOBicInss B4 ieSisned to form sidewall
spacglae'lt%fents gnu':{ Eugi%iiueht Jilrd“c%ts rstat I ¥hee %&:t?gll%nx/’ee{%g C%Iflpéltselgea h?gh?( mater1a1 such as

I nvention w e%es
oxidesetisitiestre gEtersplum, é@?"@ﬁmﬁl&ﬁ#uﬁ’gm@ thei ik, vdish bealbfhadopelmive permittivity of

apprﬁﬂlﬁﬁtﬂjﬂﬂ(li-m brOforé, SOMBL a@brﬂﬁﬁte%g‘hhk tﬁ’aterlmb mafﬂhmé&f ogﬁl@sy i%;n%h of lanthanum,
ded above

vl R A8 2 0 S v s AV E o B Seffen 3 T el lyer 22
presence of an ext ernal eIectric field, an increased
charge carrier accumul ation s created due to the
increased permttivity. In this respect, the term
“hi gh-k" dielectric layer or material is neant to
specify any 20 material exhibiting a permttivity that
exceeds the pernittiVity of the connDnIy used

o . . o s s
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shoul d further be added that the present invention may
advant ageously be used for the formation of field
wWe@RG0e051726 transi stors and especially for i nprP@BUS2003/035355

extension regions exhibiting a higher conductivity
the principles of

However
o P 20 e B 2 AF Y B i AR hophorussoms as -
type dpmis,i op porgyf and/pihiadiunc asrPetpietdopapts. £ Migndoscestetiani of tha dopant2] hin the dielectric

layS:OR@UE fnl dﬁb todrtidulir @mﬂ‘o@ﬂm@ﬁt'ny ek ¥an§<b@i] thﬁyxh&i Qcﬂiﬁﬂfcy c))/f thehdo\]xgnts 221 within the

m e@ tE gClt or, [?Q?I on. gure Za schemati ca
Fial of;the dielectric. layer 220, ozoiﬁiyleﬁm %Plﬁt&r & &gusPicHtcesolid) polubility. In other
empgiimadntsniwyve e tige combrltiatiuarvf s ispantd LE, is @djusted to any appropriate level required for

theShrtteGREeRM; bm%krﬁtoﬂﬁuc&)ﬁs%%@ Ustrate, or any other
appro&giate substrate as gg as it is capable 30 of

bear't Wca Aroggst flayefosberfabiisadngcof die tewsigion siruptors 2007 heshaw invRigure 2a, may
inctudgjihe foll2widg plﬁceésac | ™8 ﬂﬂnziihyn afnthd EMeALdiRD0S, ttﬁeuﬁﬁdﬁf)rﬁst@%es 202, the gate

B S O b s o
Wita FefEeneoia i 132(95 a. f?@qtr arg yoathptoavendnrplirrasesl flof, thedielestiit laga A200domprising the

hlgﬂlﬁ)dldmbtlﬁie Enaﬁﬂaﬂ risQiiﬁin' Rb &Kty @nP Iaﬁ)ﬁ)tpﬁé?éj @ep%toﬁ Heﬁl)d sﬁcﬁtas é chemical vapor
IS separa

depog{lon @?’OD Ol y51ca \Zapfg' G ellho\éﬁ?n;&% pqogeﬁserDlEi@% the 'fIFP@SIP%’t (g Iﬂ§| dielectric layer
220 ithgederpisition qjmosplterpgn@é_)t: eongbledtin pdiea F@bthatrtief dpandd2t @re &Sroduced into the
dlegah@ la!y@ neg l;hth ﬁé‘ %&u@@ Edn@e!njrréf%ﬁlgf:ﬂirré%?l}}])"i’e 51@ %%r é&gsj Bﬂudmg the dopants

e Lve reglon
ma¥ e adS dtt%qi‘e gﬂaailtﬁon ag:noF erg, H@erlelgﬂf@reexmpleaﬁiﬁ IﬂB‘X rateeRf gieyespectlve precursor gas
is cg@roi@i0o firnlly fhpitt theequbedjopant codéeptatiot.ri ¢ | ayer 220 is
for m?gh@glﬁlgodﬁrl@ﬁs ttlfe%%kﬂ? cbgthls. Eifeff'é&;léjlléﬁr %}Q V’Fé Qarr?ed out 1n accordance with

{nes i.s des 1.0
weli dsdgépqﬁltlgn eeinss @Glﬁ@ﬁ?quﬁllﬂb% depanty @6 mayr]apemi{ﬁdgqe@ @torthe(,dlelectrlc layer
224 yey s@if2ble coimique.S & m‘stahd:eg r impmﬁlhtﬁihl seduencs Hl_@}hbéié‘ame@ %Utck8 Sntroduce the
doﬂaﬁtf( §il| ﬂltg %%fble%lc b t en%ﬂoﬁlﬁlgiﬁg ddltlglgea?(?ri] r%oln\?alggr );gogghown) may be

pi ca ave are
f°“3?5‘p§‘?’8>£‘i‘en’é°éeé‘l“9 };1 é ARpeiEs 22@1?4@?13’&1?99@@@}‘3?‘5@@ theidiglectiic layer 220 by
annpaEih@ the atassiseon tnictuel 200.e Iﬂéépedﬁ\& (ff Qlﬁerﬁﬁaho@fch&s@iﬂtﬂ{éad'bym cBentration of the
N
d1el¥<§et{lcf 15%%20%&& %td%p%ﬂ 9 goduce renay lfeﬁig}ﬁo%;ﬁgfyr BV, 1§| 8?@?!?? ic

at’rve ermt IVI grea
| ay & Perezﬁe: a pogion\gf mﬂm 3317pEy te@me WS TE 1O 8%i8SHgion 203 by carrying out a

heaf teduhi@t, fH0ERRMPIE BF ad&ﬂﬂl@tas substhteOfithPa ﬁ&r%ls“atﬁx@ch the range of approximately
hor ous

suych arseni c
soc QRS 2 Vi Vo et e 0 AReofep PG il ued in
d1e1p2:1111cy1mr 226,pkeriyrs of dbbats@2h the Rdqniee] ipenatragibn depith oHiBORPANS 222 &ind the like.
in tl“ﬁiseouglhﬁllsﬁﬁtof € dopLuﬁsyﬁﬁ uggﬁl Ec?lvé ’P 1%[%3 PR% tdlc&?& by reference 222, allows
e SO % 61 ? IF]

0 n%@ i ment the range of th

© GRTETEES £ AT PHE CoRTBIRdf 6focionEem ey ocess it may b
confrelige by B2 GopatconvEiyrativn @nthd GielbduiHiByer 229 ahd1Raikile Spﬁé'- bﬂoye@s parameters of the
anncc'cﬂ)l:ylcﬁJ st ah'tmli' Mﬂ%ut dhlﬁlaggl% ng rél't}féal g nbt‘t)lr%log%e ?cg\’/e re W%g? r

concentrat| o °" Aaitst
appFigpF P tciematically showythp fr@ialsiomtructwh @04 effet ifieiplep‘mmfe@sthqmgal treatment
for oifrodubieg e mb@@ﬂﬁl dl’BIlCﬁlﬁ rﬂleSdcﬁ\kéC‘rEgMne?@ Q(chel@byt iR Gcthsidd QG618 208. n some
ricatio si st structure
embﬁiia‘ems 8% goralhso R AR teebesgprongen T it Toren P | Sgpispacers 210
f})ﬂ'@qgl@g sidewvallTpichef gate wlattiodn205f whithchagecebn/fornted i 20corddfk3 , with A &onventional
gmmmﬁgkgkhggm§gructures 202, the gate insulation |ayer
206_and_t he gate el ectrode 205 may invol ve
subSE%nts Sz&i‘fi"%“ﬁai]i‘/esh%w ENERY sHectug] 208 dryy Toethes @dvarsed magyfacturing state.
Souxee il draif @qg@NC 2l Itate foingd e thk activEpgion aoaybyt & ﬁnbl@ntatlon process, indicated by

refeﬁgaa\@e@t IAQ @@bm&mﬁ,ﬁﬁ SbnyaIg)YM'ie% 5 Ghe Oims SEk

nprisin ectric

C°H<H‘é%§ P’P%"He Biodused t%dpficé‘iﬁi fleptheof the prjg rieglmfzoi“m prdel forns the ource and drain

as a chem cal vapor deposition (CVD) or physica

vapor deposition (PVD) process. During the deposition

of the dielectric layer 220, the deposition

at nrosphere may be controlled in such a way that the

dopants 221 are introduced into the dielectric |ayer

220 mnth the reqU|red concentration For exanple -any

I T A

,_

uon Fro?essaé/ls,t %08?{195 of the required




10

15

20

25

30

35

40

20 dopants 221 into the dielectric layer. In other
enbodi nents, an additional diffusion [ayer (not shown)
worey4los172§ or med over the dielectric |ayer 220 pemUs1ve3/035355

dopants 221 may then be introduced into the dielectric
tor structure 200.

re%lo%yfll gglq}y\t;% an(c)l?nl g‘l ﬁ%}%‘ﬁ%!ﬂl‘eﬁgﬁl{iégil 'frﬁ@dcﬂ’ﬁrﬁ awfile is obtained as required for
a spesified rensistor panforyfandeh eTypidd] ehegitsr fox ddpiay elfe @A) adif dodce teins 211 may be,
deﬂ@dh@'ﬁnsth@fyﬁe b Hop A€ 6B Gs gﬁéﬁlcb o?}ﬁllgrrug b LS&IHXH 104 9; %%e‘?‘]fn the range of

ere ter on 0 ants

approx;m“%%v %{399 FEYtERforeE B A 05@1PW@1&%¢P oH s PRy
car Afterthe iow implnta@n 2% athed: rresahafEiR tarridd @it $6%80TakiEatb Yhe dopants introduced

by ‘éh@ rllxﬁlﬂin'taﬂgh A2 Wﬁ%ﬁr@‘ia%c%%%&@(};aﬂs%gp}? QL,H rbgml:gaxndmtgn e fF Eraer}}gnple the anneal

pr oxi mat el
pr Oﬁ?ﬁf) F]BX( ow@wd fﬁ%a Eepypitrs rnging Gonyiappr P’@Sﬁtelfd ezt tgnd for a duration of

apﬂrd’kﬁndl’ﬂﬁt E)FSlOGl kectt9€ ADirfAg t:hﬁlﬁmnegl &hig cfﬁrfhblcdol)eﬁﬁ ©b1 %g}palsotblg ﬁxtro?uced into the

s, 2 d trat
extgrﬁlgr? I glon a%n%rithe goﬁ%mt 1H§1 e u{o{; %grg)g ggﬁe ar% f?lfolf %g\fa@ﬁ, i@ are transferred to
latticp, gitegy Olbﬁlﬂ‘flé bezr@i_l,_ad ithat tmnqahygana@i cyvbs aregprfome O@ler thesmal equ111br1um conditions
$0 thﬁldh&@ﬁl&dblpﬂoﬁéﬁfa@cfv%ﬂﬁ% Eetefmindl yQiSsolid gﬁlbﬁlﬁ; & meld%%mg in the crystalline

EQ 9 ant concentratlon Int

reglon o e acg\ﬁgegmﬁ}? uxﬁgs&acé]segul 1&{[1 aﬁlﬁg,l PERsesses gre 1igdrogt, § %asﬁa};er annealing
andt theehlqgo Bantovidiog e etetivedst highindopant tdaeenthition Rake dx&ndloa)t@iongm by introducing
the @%t@lrﬁ'o}& tpé/dlélaﬁlc @afyg%é §nod§)§¥h@ %Ee? lgm&ts 2t15] at leas{I ﬂf extension region 208

cm,%gb " substgntla
ST G thsr WasE ‘(Oh@‘h’étlfft Wén% g dzwe arrqi gtw @xlmats a significantly improved
condwhigtygbrimeeet koya einewttondl Aevick readass thd dbgre&tfrdb&ﬁgl«i{ Bnid@0y @ foRk solubility as

in a%ﬁ%ﬁt%ﬁdl Qancgfsmt:m % Ep;catle H%é}) r;ﬁ%n cured cryitél.{lgp t‘%g?tﬁléfeélgg}(ably reduced,

Eq#oamS
as wilhp %%P@H%W%ﬁ*?@@ﬂ@ﬁs 208. In sone enbodi nents, the
dopEigtre 2d sb@matidaly shoWs MBYonpRted RPKsRMF HMbRL Yool OkSal sﬂléd@(reglons 215 are

fom:leg%g ﬂl@%?é@ecﬁmeﬁz% §ﬁ<f %Wg;ielr %o?t Rac g'thﬁ 6%%0 :isogrﬁer Iieg %}5}% rzﬁ Mpreover contact
mef 5113F?éedpr?‘f*fieg é@ﬁeﬁtﬁ‘??@é cqpngch the squesp wedhdriio reaions 24 hikosatter difpiic elements (not
ﬂmem@my@bmaeaﬁma&émﬁfﬁm2mm§pheﬂatICa'|y shows the

t furth d
oy i BRI SR o P bR S 24 may g s

thosp équ@ddepquqdw@th a‘zfmnoeato Feagiedn s@ B8t dxprresponding Heaertpédni theleof will be omitted
ha@rocess indicated by reference 212. As previously
npl ant ati on. process 212,

carr out t
d o 121 r? esr’eQ% gXlrvg f Pugahegg) t%ecﬁqa ﬁlé‘{t‘i()@fi 2t0§ artdylﬁérred]?@dmg operatlon voltage
supnh,q@ todhRorde @g dgringipgiens Ri leda the pankeciained 118 egatllisheea sud@it @Bw, indicated as

21420 %he cBBnedBeibD20k LWL BE sSRU, d _
2004/.051728 PCT/ US2003/ 035 aﬁ@drﬁ?e%“?%%é’&fﬁ an\NJPT % fofd eifect transistor

s SIOHD T 3 DR TEH PO il o mp asoiPy e - eppdensior. s
alrezpiqy ctnldired,i te rebt@l dafect rats in eppution @40 Hthe ex&:nﬁ@ﬁ@gl&i ﬁ)@ leads to an enhanced
con&uf:tﬁ/ﬂ? H&ttQ the pe%[u.ftlgﬁ Hacﬂeﬁ“ge cagbépécgr%lflge %or%k\)/er thg g\%h et ulungr %f ﬁhe sidewall

rain and source TFegl ons
spac(:rl,s| 210[ B%s fmcae@.ﬁg Fﬂpacltgla ewplgg teythe éq:qipr@/mg Fgﬁg@}gh treigs 208, thereby promoting
a chiyeg @Irier acodhiulafion iAkE pbrien 130K Bue to Fheth}@ dbARGEnc&iration in the extension region
208 alﬁ)apfng}xﬁe%&g }'a}{ge 8?89%% féuﬁ% in com%m&tﬁ)ﬁ Iwﬁ]t%%hg\? : acg<? ﬁlgacitxafhcoup]mg, the

‘appr oxi mat e
chargqﬁg{rlghqoaqep@ﬁom@ wel ekreest the o é@apﬁemmds deteamningdelyy tisblids®lubility, which

is typiSalll & t@eﬁzﬁﬂgV af £« ﬁ(h}%r Q{QQQ‘:@I{tﬁet’eln tedLUGe ﬂ)r a n(%)a&t r381(:entrat1 n in the extension
to cure |atfice danmage cauds 6&

regi nnP(JSa %{at ' o a]dﬁﬁe ac nt ige, a t
Phe’si B% BoBRTRIfeit 2 cpvP '@‘%‘éhjﬁ'f %; 2p HePrayed éa@rge B?%@e@ssﬁy may be
accoppplshdgleby leer fresentrduotention, avhéreirpdiithdlly @ rédacgidefget flel’vélrl‘ihay also contribute to an

enhafdRP chﬁﬂ'uémFt)El ¥hi® Ak 2&9&1 gﬂ%aﬁow ex"f‘engj (lijnr ?etﬁwr%nZOg w1th'out compromising the

r E |nate y 10-300 sec
mw%% CTPHt her dopants 221 nay also be introduced into

the extension regi on 208 and/or the dopants in the
ext ensi on region 208 are al s8-activated, i.e., are
transferred to 10 lattice sites. It should be not ed
that typically anneal cycles are perforned under
thernmal equilibriumconditions so that the achievable
dopant actlvatlon 'S detern1ned by t he SO|Id

. e

- Y a1 I T
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conductivity conpared to a conventional device, even
if the degree of doping is [imted by the solid
wg@odlosl7eg y as in a conventional device, sincECT/OS20g8035355
carrier scattering by non cured crystalline defects is
kab be described in nore

u
det 1%‘“% 15\7?/ d}ffPlﬁtﬁfr Ieag2 C@B‘ﬁ @frﬁ‘f’ PP ¢30s hdtganihgeseen from Figure 2e, the
’@9‘“’{3’{1@{ o dhe[ doperdy 2210 tist vicigitywfen 208 facdViR detvaed ihe Islﬂleer element 210 and

\extrex%ﬂ)h C}EﬁonZZb@ @Elﬁstalggll}f qugfecq h@éﬂ e & ﬂéf’ltc(gT ?oﬁtﬁr‘i [ 90?)?11% concgntratlon in the

ort i.ons of
e’“ﬁ‘ffn “I%’P 2@%’? ° o titiuiop merlralﬁe% ) wst%wlélyrfﬂw F‘@@‘Wfﬁlﬁ’a on both sides of the
mtgfaeq:n?m(:@ltahnﬁd wmnmzcdnndah@cl‘smméﬁ od ﬁkdoﬁ-ﬂiﬂﬂﬂé tﬁeﬁ@bﬂ&szzﬂih@o the extension
regtrdﬁ ﬁ% Qﬁl‘ el% gdjeu%ﬁc%ht?%%% 41'})?& the gace e"%‘n'!%! ; FSgrt 111e1ectr1c layer 220

conductii ve ocess s
Figye 2k @dﬂ%aécw&ﬁéres‘%oermssfﬂméhew@s@@ reinn 208 mtikapproximately an equilibrium

is cﬁitajnddi & t]ﬂﬂntmye e, Ebﬁblh@[ witef thelidHR$ Bopaklt QRN atdE HLhd Q@rgr element 210 is
sel etd tgo ngeet? e H\%lﬁ ott tl?e s 1(950 Flh% of t]&%%e{eglgetltergga%ﬁ 8{ Esﬁgqumg gctlve region 203,

escription ereo
a h@bé?l%i‘fltl cofentiation gpar ?mlatq}wftﬂagnedes offiel splaicholubility lamd t@dceive region 203 may be

ob@ihléiﬂbrdmlﬁn@t@éd@ﬁ}ﬁl 28 fald rtﬁe%t@ﬁqu hd3thn OHE fr@&rbd%} MQ:MV@Iggnal process flows,
source and ain regions 211 via h

theséjoﬁ? ?ncenlgrehtleo% uzi}@ eén‘gPSéoﬂl rlegﬂlé gs gsuel{yr érﬁa[sedf ﬁlg%g requlred anneal cycles, for
exdmplifor aetivefing Jopa@td ahd cimingtetysalclamagn efter foemritionof2RArdeinde@ite regions owing

to ﬁrh Gnd‘ééﬂ’dc[ 6R- dﬁﬁgoﬂj&a&oﬂ}antf Ofy £ORMERI BRCE. 1lﬂ&ap‘bet %E)gduﬁlen?s & the present

whereas It

I S
im P R Yt PP g es G eiespiscaapy gubsialy be
maingingd G-nealy gven bk irfcreasad e tt@ the hids d@ﬁntabﬂ‘caﬁdt)bn&xme &ﬂteﬂ@rﬁ 1222, since dopants

2t he an%QlU&f%r&ﬁrE@S} thé' @Jpgd gﬁ]:elaelé%eﬁtg bfbnds %)%% (.';js%e concentratlon therein is higher

extensi on regi on s to an enhanc

thag e iRgerivng sreping “tgbmi Wé reduction in charge carrier
scalfit snilhge ndvar tavierthe fld@rativie @hxb&ﬁﬁdﬁlstdebcﬁbédyabwe thB Qut-diffusion of the

dop%h’cgj %Ltt) thesaptﬂ/g ?Jg?bn% t!ln? o%‘pursl §1electr|;]alg)6 Efoi (¥i?gure 2a) into the

COUp | n% he “un ensi On re
underlteefyTRE 6?&&% nd oeercw&p erea fr hasr becqoustll dfotble 1 first patiem the
dieketigc lp@r IZO@\I’J]th(ﬂlB Ehrryitl But by dnkkRl dYt1hndlRRGEe RORERRLD Al active region

203I e; gfogﬁog{itil%g %g gr? u}%&%«% E%ements2 %f%c g)ﬁ,sxaﬁlg{m%ﬂn%%h% %m%eﬁ gyc e re(%nred after the

mpéﬁﬂﬁwéaese%ﬂééegw %mcfmpe itha gource byl 48 retiens @ carr i er
conuedther dluit@tive Wodﬁﬁém'ts o )ﬂ{e%?é;enﬁ Bn@enﬁ&nd B s@rce RO Bl lﬂ%ﬁ)ns 211 may be

forr?e% pp?f’omontermmﬁ t{lenex?ensulg{l resions %gy sy %% For{eﬁmpqingcs&efvelhw(gc elements (not
ShOWdeat may eqmpflmthecqzimyml lowhaeptial abdhan silicontdivgide xidam Silied nitride and

rembﬁ@ tﬁ@sui%@&l Jpﬁ@ﬁs akht§ t&qapﬁ{pﬁﬁ}hﬁm bRcés fBPf&MﬁE‘é hOBgh and source regions 211.
roved char e carrier ensi t

St PR By SO CERMY FASREIP i preieto Figr 22, wheren
mtrerblleirﬂtlromhaldbgama 2?eflac dd dikddeeic tlaybreaze landidyfrofl 86 spacer elements 210 may be

can‘i‘e@ I?otltr ih Q'éépﬁ'atte gr fﬁr!i coﬁﬁr%ﬁﬁ@a@ ofefd %Qeld%r agtgé%xg th hdh Ean? I in ¥%8rain and source

) egE ét | ow ext ensi on regl ons
g 8‘8&& fif &f H& leﬂetatlaeseﬁ%ﬁﬁgr?ssrern ip Bigyro2qiaiendio longeryyguired).
200EBig0S 27 8wPEd /trhiﬁﬁﬁf)afu@tﬁﬁ%ﬁ uFﬁrgé:hHﬁ maﬁlfaicﬁm@g a5 %{TBJc&rGance with a

furtﬁ@g[ﬁkttah\%aéﬂbgﬁ}m&g OF {ﬂg 8&% entlon OI'hf I’g]ramsiC t%rnstruft%re gg(gls qute sumlar to the

Fi gure conc I on of opan
Str“ftI*Fé Sy |mn$1¥‘§ie &f ang ﬁdqltr?tl@]b’fcﬁéléls%z@a@elt lwee?-ESt forned pedavethe dielectric layer
220e | Taerbattier 2346k 228 Ghay @188 oWk HiQEHHRMMALBI thzft oS kdbatidr Rhdrdbteristics for

prex%%}rlllrg c{% di s%l?leo% dlle]{]%lc mger{afc%’gl?eg?f II‘(,) %g r%th% brgie%@ at:tbve {§gion 203 and/or
the rigceny gqtfbﬂecﬁ@hs ﬁ@j’q ivdtheut podly slowing tiéval theydiffigioa lof the dopants 221 into the active

regl&D]ZUBE 'Ho¥ AbthrQd) s6the &Qﬁehhl?d P%ﬂp@ﬁen& Iaglta'i_hea [ﬂ; & tﬁ@l@&rlczl%;er b5 may not be

annea s carrije

s SR Bl nfos it By coferepnny e fvr 22

208 are perforned suffrcrentI% long to "deplete" the

spacer elenent 210 (or the di®lectric |ayer 220

(Figure 2a)), and to accunul ate the dopants within the

extension region 208 until approximtely an

equilibrium is obtained at the interface 222.

Especrally, when t he |n|t|al dopant concentratron in

I NA PN o o a o o




10

t he dopant concentration in the extension regions is

usual Iy decreased during required anneal cycles, for
we@npbe2$ or activating dopants and curing cryBCHEUS2003/035355

damage after formation of the drain and source regions

ow ng to an undesired qut-diffusion of dopants. In

iy SRR RN BBVl RS FRBOTeRS (i AR A5 FRBRES Adantageously, the thickness
of e dgreirtlay®52255 riv/elattedosn agl @gedvide @dufitiaw Barridd @rwparBTwithéud @nduly compromising
théj&gélmﬁenﬁﬁnﬁf&tt%ﬁg}lepﬂacg M&%&%%‘?’eﬁctﬂp B%Q 52(%){18 hg %arrqg)fag Or 225. In some

substanti a mal nt al ne

empfmens. ¢ ﬁl@cqm Hrridg oprionte dlisae aifride thProWﬂla% thickyeess) ¢ft3e}0f nye may sufficiently
pre¥a@i highk heerielo pan td&'fusﬁ@ ﬂato&fdﬁceﬁ‘aﬂféhbﬂu (M&éoyerpfn%‘ﬂieﬂ &fbolihents, the barrier
la}Ieg%g gmn ?o%gcﬁ&?%t%e %gnea?l%ﬁc’ a er 245 r?é %ay rem%uh gndoped until an anneal cycle is
capipghie myrdqrgto @%P@P&dommrilébﬁ@n@e SeigricllyersApintodhesetiv otzion 203.
t hatTthe @arhé'hﬁir blhlbddﬁl{eﬁ@tiisél&ecﬁm%ddrmmuﬁtlﬁQﬁ@r éstk%ﬁedm@gﬁbﬁ%ay be modified
I.n

o B8 B0 Sl Pl g o SETAGh s v e et of
teadiiiegs diereini ot ayexplezlfa@ ploFésg siere s@afprth mtoge miebe panfdewedin Aglifferent order.

Fuﬁl%%é ab @ml’tﬁﬁhsoaﬁks mte 1J3:d QJ @1@ Eletﬁfgt&@ gé[ngﬁl?t%ﬁior 'démggﬁgrelg ghown, other than as
|

cQn red

dege ‘gféfn '5% E}a‘w? {’ﬁ%t It l?é‘ieFeW%EY‘dB‘E}tth gﬁilpaé‘i*ﬁ‘l]é’a‘fmbeéiﬁ‘ﬂ&d‘%}?ﬁfd above may be

alteredt proglodifiedt dné atl pentasiatdAd ate tbmsidetaé wailih i thee sdogeQand Nspiri2 @B the invention.

Ac@ctrﬁlﬁgly, thlg Srote&foﬂ@&u ﬂergﬁ 1sta &t Bk &k clgilng g&%& s 210, for
exanpl e duri ng t anneal cycle required after the
I mpl ant ati on process 212 (Figure 2c) in formng the
source and drain regions 211. 25 In other illustrative
enbodi ments of the present invention, the source and
drain regions 211 may be fornmed prior to formng the
extensi on regions 208 by form ng correspondi ng
sidewal | spacer elenents (not shown) that may
conprise the conventional |owk material such as
silicon dioxide and/or silicon nitride and renoving
the sidewal | spacers after the ion inplantation
process for formng the drain and source regions 211.
Thereafter, the process sequence may be continued as
described with reference to Figure 2a, wherein the 30
i ntroduction of the dopants 221 fromthe dielectric
| ayer 220 and/or fromthe spacer elenents 210 may be
carried out in a separate or in a common anneal cycle
used for activating the dopants in the drain and
source regions 211 (note that the inplantation
sequence 212 shown in Figure 2c is then no | onger
required). Figure 2f shows the transistor structure
200 in an early manufacturing stage in accordance with
a further illustrative enbodi nent of the present
invention. The transistor structure 200 is quite
simlar to the 35 structure shown in Figure 2a and
additionally conprises a barrier layer 225 forned
bel ow the dielectric |ayer 220. The barrier |ayer 225
may include a lowk dielectric material that exhibits
superior characteristics for preventing undue
di ffusion of dielectric material of the layer 220 into
t he underlying active region 203 and/or the adjacent
gate el ectrode 205, w thout unduly slow ng down the
di ffusion of the dopants 221 into the active region
203. For instance, sone of the high-k conponents
contained in the dielectric layer 220 may not be 40
sufficiently stable at el evated tenperatures and may
tend to readily diffuse. Consequently, the barrier
| ayer 225 -8 WD 2004/ 051728 PCT/ US2003/ 035355 may
sufficiently prevent those coftponents from diffusing
into adj acent regions. Advantageously, the thickness
of the barrier layer 225 is selected so as to provide
a sufficient barrier property wthout unduly
conpron13|ng t he overal | pern1tt|V|ty of the layer
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The particul ar enbodi nents di scl osed above are

illustrative only, as the invention nmay be nodified
wap@4pseres i ced in different but equival ent manPET/8S2003/035355

apparent to those skilled in the art having the

benefit of the 10 teachings herein. For exanple, the

process steps set forth abo%&AMy be perforned in a

di f fler entA methleirof fofmifid 1EefdsErs o trankigtor, therinttBddi comisisAg:€

i nt % tdg eh lﬂ%h E%é&%ﬁa}% 22% %v %é EuLl‘I)g a!te 1 mcl{uicjj cgl% electrode 205 formed

herein er than as e

bel ow. tab?“§ 2p py PR 0R i srpprated qhmfrm agatp m%ayplalpyer 206;

enbadit Iﬁﬁzﬂfng séld sbtsasl dﬂib@\/cﬁpdﬁﬁ)froblesaldaﬁéh%rcﬁ‘&iec@iﬁ layer 220 into said active
nodi fi ed %gd&ﬂ£oﬁ%%%ﬂ v%rlatl%H§ are considered within

t he scope EP Ot e vent i on.  Accordingly,

t he ppfﬁemlr@caaldolnghslwglmtrmleyee P fosforars sidepell fardrn2i0mat tsidewalls of said gate
C| ai ns bféhe@l&“éde 2(% M@ 2004/ 051728 PCT/ US2003/ 035355

of for 9.2 field effect

Cr arPETTEBE PR R AR 4GS P R g SO TG 5210 apadplantaton mask

hi gh- k difernsgtred agd {iraiy epgio®201 ofisgid field sifebistasztoe 201

including a gate el ectrode 205 formed above an active

region 2%% and garated t her ef r om by % ate _ )

i nsdt at i oC MEReY ooefm 5 Wherelp Rrmpg spig) &0@?3 ik fipdectrig ager 220 includes
depjoitinhi shifl igiek diejeaurid 1syef 220 in theirddenad gflat Ikasctine idpar: miteridl.ay er

220 into said active region 203 to form extension

reglons 208; patterning said high-k dielectric |ayer

2203t 0 fIPmmehedbsirmsl Hbaris fompe seid dpred hishk ielspirig diver 220 includes
deygsitig saiét |hipbikr ditietriz Qyér 220 ehdgFoth@ing 1 dBEhn® Mutd QR high-k dielectric layer 220 by at

1w&%%hﬁﬂgﬂﬁh¥ﬁ% anggﬁﬁu%%%mggkn&mﬁ%ld sidewal | spacers

as a lon nmask t “f orm source and
drain regions 211 of said field effect transistor. 2.

The 4ret hade ﬁlfath&i dichiml1, whkreih E'débaﬁtQBﬁEblﬁxgtlo%a)'f gudj&ﬁ&ﬂngh-k dielectric layer
ZZ(E %ﬂyrﬂ%ungjcefe: gtgxt rangé ok g%gér so%lgty of t%% % oR E,négl 1( é}.lflgcgrfcﬁayer or above.

| east one dopant naterlal 15 3. The nethod of claim

1, wher e |T'He hethdil JR BlaisAl, Qhe%ﬂﬁgerﬁh@aldmlgmk%eﬁ@&lg lafer b@%?&amed out prior
dep05|t|ng said high-k dielectric |ayer

“”f%%ﬁmm ”J &83UC|ng dopants into said high-k
dlelectrlc | ayer 220 by at |east one of ion

| rT'p|6am atT'h@ﬁhetﬁJHdof QIai‘nI p%&élnv\}jagcfr)sg})sﬁatg @glr it Eéaf:tlre%ed LAY 8 ion implantation

of
p“’&%%%l i P |S‘8w“"8f°“§1éF“&Wf’é“o‘iﬁ?éﬂﬂsrﬁli‘t@ﬂwd B Sé1dé‘lf‘t1P’P1&nt%“8%/EcheSS 212 and cure
latt2@d42@Ee. i s approxi mately in the range of a solid
solubility of the dopant in said high-k dielectric
| ayer or above. 5. The nethod of claim11, wherein
pat ter ni 1§ T5thed #f Gaim il Grther cespirising [forpiag axfirdpeiri bariery e prior to the
forpation pishid high-k Giela@ad layler 2at i Ng sai d substrate. 25 6. The
met hod of claim1, wherein said substrate 201 is heat
treated after said ion inplantation process 212 so as
to & mul Thneekpdiofclaimtli vhstem heg peatingsaldphsente e & chyiedsat of a temperature
in théringh BRRbABLiALIPROPRARESS 212 and cure |attice damage.
7. The nethod of claim1, further conprising formng a
di el ectric barrier layer prior to the 30 formation of
sai 8. hi gihk mdihed ef tlpimcs,| whgein 2 A@ratiod. of Thid et te@chemfis in the range of
appRdx@laflylio soURE B30 iRt treating said substrate 201 is
carried out at a tenperature in the range of
approxi mat el y 800-1200C. 35 9. The method of claim 8,
whel@i n ahdmetddi of alaiaf 1, Svéréln beddhigh-I elalbm&yef SZOi oﬁmﬁrﬂ% one of an oxide
e n :
060 BN iR kR, ERBDTS bl R,
| ayer 220 conprises one of an OXIde
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and a silicate of at |east one of tantalum zirconium
haf nium | anthanum yttriumand strontium 40 -10 WO

wQoe4N861¥28 PCT/ US2003/ 035355 11. A net hod oPCT/ORI005QB5355
afield effect transi stor, the method conpri sing:

perf rmn t tion process 212 to form

sour ge an Ogl ﬁp?‘&‘gﬁp Ja @ Frrqstegrihmitof corrsgren - 203

f or edbrining an iow beplaniation pREIss 2 Ratb (‘Ibrﬂlshﬁderaﬁd &alh Iﬂﬁ(‘gioﬂdl 11Gn & active region
gate el eghs Rgﬁed%pg’suf)s‘a'ﬁtggﬁ &Ydesrubsﬁﬁé glclu %\é% e[e?tg)ldeo EbS%bnned over said

and separated therefromb te 1nsu
206, sai daiERPEAY SaE atedsth‘ZBfS’nh‘%Y\H 54§ @PMYPT 206, said gate electrode
spacers {267 imeidg odewsll gevar idrmed dasiiaafls térerovi Nng sai d

Si el e SRAREKsp Jggm ng a doped high-k dielectric
| ayer 22% over sald su bstrate; annealing said

sub§‘i"im£$é ‘tPBdlilﬁtl?%ﬂ?ﬁE’élad?sB&%VSrsﬁlﬂ@m@wd doped hi gh-k

| ay ene@BP saidsriraiaiodntRdick UepaktEGorPRid dopddthighR 198106 i 39

said high-k dielectric layer 220 to ?dar;r% hlgai- SH active reglors;

sidewal | spacers 210 at sidewalls of said gate

el eéttienie spdifgh-k diclectisdayer@t tydorafhightkasidawallspacei2l0ei sidewalls of said gate

anneal i ngle@@ilgbosubstrate 201 is carried out such that

dopants introduced during said ion inplantation

process are activated and |attice damage caused by

sai é-i onTheuBetiodof davh at, indereip nmediss saidsutatratt 200 S4 carried out such that dopants
intrdREddl @lrihy G rigd nnpla%tatlc;ﬁhﬁro&%t Q@dacmategl élrﬂtt]'c% (?%@g% gaused by said ion

dielectric ayer
“npﬁanta'iwné’g?esslagtﬁi?gpf‘mﬂg 8‘8‘? d high-k dielectric layer 220

in the presence of at |east one dopant material. 20

14. 13Th € @'Fet ﬂ&%ﬁ?}fé c{éig@i lmw;l %111 :ﬁ%@{}ng éi{ll o%aérhl lgk t%l%iﬁegnc g?ea (120 includes
dep?ﬁ“%ﬁ sgd ftfﬁhgi Sefrie lavqr Sgpetr* the prgsengq @t at fppst elt?uieli’an@n@@plant s

into said high-k dielectric |ayer by at |east one of

i 0n14 npl mtrﬂéﬂ&oqrbf @ﬁiﬂx fjll PL&%% ?ortlmf %_sal Vﬁlo gc? El%ﬁ lféldlg%%réﬁ,]]layer 220 includes

dep%i&%% &t lin%hlf 6‘?1‘“6\‘“ leygy 20 @eﬁp@@odmwkanam enixt Irighek diglgogric layer by at least
one @GoRAPlaitstion piar difkisio®d-@h ¥sabrficagef, ange of a solid

solubility of the dopant in said high-k dielectric

| ayer 220 or above. 16. The nethod of claim 11,

whebei n Patrielphphing b, shaiehddoand cekeatition of seiyleyred RZBk Higlectric layer
220 Gsapirbserflat@ylin the Pankdt a bddid 8RR df Hd dB}ﬁ@c u§§é§i§ﬁg‘h @{tdﬁlectl?ipla§/e-rl—22% or above.

field effect transistor, conprising: a gate electrod

205 forned above an active semi conduct or regi on 203

and!%s epaFhgtresthod weeleirldnviisyeinepatteraingesaidisighlaticlemil 1aye220 is carried out
prioZ04nnegial e aBGiaé€ Sem conduct or regi on having a dopant

concentration; and doped high-k dielectric spacer

el ements 210 forned on sidewalls of said gate

el eldt r odkefigdd@tectridnsptor congprisi®s portion of said active

Serd GRNILEII050T BRH Boy Wl RleNefcARRAP %g]ﬁl? E%e h Ee%grlatgcp therefrom by a

at a part _aqf an interface between sal
di el ect ri* "SpEcarag] %’ﬂeﬁtdsacﬂ‘?f@mawéucsoaurwoaé@mgea dopant concentration;
sem condu¢tor region is equal or higher than said

(rjggi?fé)grc]i h%g—%g%!é%t{fégph&pel&gems S tgrm &4 smeewglFsmf s%%nggtlél %ltegrode 205 and over a
portion of said active semiconductor region;

wherein a dopant concentration at a part of an interface between said high-k dielectric spacer elements

210 and said active semiconductor region is equal or higher than said dopant concentration of

said active semiconductor region 203.
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