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TECHNI QUE FOR FORM NG A CONTACT | NSULATI ON LAYER W TH
ENHANCED STRESS TRANSFER EFFI Cl ENCY BACKGROUNDCOF THE
wo bdENT768N 1. TECHNI CAL FI ELD General ly, the pP@B/Gl1006/014627
invention relates to the formation of integrate
FORFRMEYF & %FA%MPFWI%LMERW%FH&NW%D STRESS
a contact insul ati on TRANSFERIEFFIGENC®¥Sence of spacer
el enents during the manufacturing of a field effect
transi stor. 2. BACKGR(JJND ART The fabrication of
integrated circuiRACk dd98n of a large
1. nurBeHNofACFIELDI t el emsnts on a g| ven chip area
ac &R lnghe ?esent %pengénfrélggs t(g: {hr o%a?tlon &X&egrated%&?% anci Yore %articularly, to
pl ura Jf process techno 0gl es are curre y
the fop‘xpzﬁy@tl pfcaé‘dntaqy\ﬁé.}‘l@pﬁlayer @rthmcgg(f sgqe?r@@mprﬁi,dunggféﬁmg@facmnng of a field
effecifaBdi®pr ocessors, storage chips and the |ike, CMOS
technology is currently the nost prom sing approach,
due to the superior characteristics in view of

2. opBASKGROUNILARIT and/ or power consunption. During the

f abﬁd faschian opﬁlte?r@t&péu%ﬁﬁ%s IrhRg ﬁl@tf&glat@nro@bllaﬁgﬁ nteP G SedilRlements on a
o1, CO ors,

, hnol o | ement a ran
sven, Sy SRR * PP Pl Vg Py Sh TS feghmologies
curregilyeprdciqedpedhesin, far ®upbt rigtigy. sndiag dncn@nuessmy stbragd dhipeand the like, CMOS

techn§1§£9 1@ QMH@}I 018 m%ﬁ%ﬁﬂmsn@ a%cﬁ rd@@ﬁ)' &d Qx{)@n& Eﬂaﬁt@t@x%ﬁ&s' iy Qlegfof operating
her an N-channel transistor or a P-channel

speed gl PO coPu e FDS CeEHOR @6 camplea (e epNgirouits using CMOS

technplugyC triiliors of kextiplentieptadyOtranstbry) y.e.AN-dhavhe rtfaagsorofndhit-gatng] transistors, are
h

formé&%ﬂggu ?&a‘aal 19&11915]1@ 3%@’%%12% égrg gén&lﬂ:?or ng«# Agﬁbg t?a\ﬁggtérellrrgspgcgy ecg' whether an

channe regi on tween rain rgglon
N-chinpdl wansisiope aPedioeldransirierls expidaied poppriss wrealddNapnstice rhat are formed by

an mﬂeﬁf@b 6ﬂughly dbped dﬁ“dilﬁand Edude reglohy it an GavBSdlY ddpkd/chatfneltrépdon disposed between
duct | is controlled by a gate el ectrode

thedrf'lmleﬁé)a dboevsgur re“’l% lannel region and separat ed
therefromby a thin insulating |ayer. The conductivity

of Tﬁmn&lbmp ef thé @lﬁh&ﬂr@glb'rp 8, éleamtch&ﬁt QbabBinCHNEUChduBre channel, is

ue t a I.ca a
cone BB Sl BB ol Shp i I RD G G i s
layer. d@lpanndudwmcefnmercammd mglmmomﬂbbmatwrt of a@fﬁndttdmge ¢hal}n91rdu¢ ip the application of

an apﬁltaﬁrqa&ecoﬁlﬁﬁ R/bl@ﬁest’o ke Wbe efe@cfod@ dg;ﬁe}{(%rbn%t &B&ﬁl’t Qﬁcéﬁtratl%ﬂ Qhe mob111ty of the
. channel region in the transjstor width direction,

majORth et SHERY BB DB FHER SUUPLSHARAAR e Rt dicoton, on the
distanad ibetlvednStha k@itre raddl elratre thgibs, adick Hanlse kefdnedigd las ciidenet @ngth.n Hence, in

combﬁl I V(}lﬁl_t ﬂhQ @%pﬁélﬁtg F b@ldﬁﬁ&gatafé lcltCXndQ{tlvg @Ml YelG Gt ﬁl&%tlgg layer upon

uctive the insulatin upon
apphcéw of dhe soatel gpltage & e Btg elpctiodn fhﬁga@ndtlﬁlvg}h@f éeaf:l@nnel region substantially
deten@ih&Cthd ﬁeﬁ‘ﬁnnah&éeofa\@(mi tgnsistedst VThed tHe h&lu&bﬁ ron €e cﬁﬁlgtﬂ Qéhgth, and associated

bst Y dster Sid e
there\%Hl tﬁe re chgn of’ t}ﬁ] anne{rli'%sm? lgd ren on gl%agr’fa Eﬁan%ﬁg I,c]li,)]nenlnant design criterion for

tTransl stors.
acconppdiphifigian ingrqgpe idhecptrating eheedé tbe wt@lghteﬂ piecuiteduct i on of t he
channel resistivity, renders the channel length a

tde n criterion for accompli shinp n . .
o TeDRR kiRt ot ERind Bl o b D gf B gsociated therowics
that h@vert@b,ﬁ 4ddressgchw ap wchatunddy offet thdalvantagesbsinet byditeadiy sleaasing the channel
lengﬁmmm51§&; %Aegnaﬁ)r Bljofﬁ&ﬁ‘ tfuyregject 1§t§%§elé}7§§ﬁi%k‘ Qﬁlﬁged photolithography
therewith t ressed SO as .to_not
and etﬁh atmteﬁle%‘ofrgl@{ﬂyla a%:ﬁ»h]yésétg °’(5‘b‘ttﬁ CIREs c[fy:rlgqa]éalaquggns such as the gate

electrcie ©F thashmigtotsfer <ieariaede generation. Moreover, highly sophisticated dopant profiles, in the

vertical direction as well as in the lateral direction, are required in the drain and source regions to provide low

sheet and contact resistivity in combination with a desired channel controllability. In addition, the vertical
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|l ength of MOS transistors. One major problemin this
respect is the devel opnent of enhanced
w@babals7shogr aphy and etch strategies to reliabtpusrde/ 014627
reproduci bly create circuit elenents of critica
locatign ﬁtép]eskl’l\bwgctloxée%ﬁ regpect tg ghe égf glsuéqtlgrb {a¥e6 Also 1gpresepfa critical design criterion in
view bf ledirgde StreehScontfol  Heicd) 2 dncihe the chn@eh@mgoomuudb’b{de@\g&na depth of the drain
and %{lrgihlle 101%%91' I%{R/eclg%t {ﬁg 1n%9@£%m€& 9 khle %§te 1ﬂs{1]lat¥on qaﬁfgree[nﬁltl%aéhannel region,

|rec I on as feral dir

therebye T RESOPIstipdid laapamﬁwa Bt c 4°5oEtson s°thle’b anprogshes epitaxially grown
regiohsOi¢ fohee twith A Gbeelﬂm cﬁﬁét td @S gaketelevtrddy, whivth @RéferRad td a@l'ﬂal%ﬂ t3in and source
reglogs %eﬁljoe;l% lélglJ; I O(hon% il s?litxro?:._t}lﬁag aér%llc infé T%ISKP \SNI ?‘JJ%(I% rérgJIOCI)IQ w}ille at the same time
mamiaﬁ@g g gelow S iuncien with rewgasio ﬂalgste inpdatipmlgmit s a critic aI

design criterion in VIeM/Of Ieakage current contro

lr_ﬁpﬁ Criectlve {)ﬁtﬁe tggm%l{;}g Fap?ﬁign Sl‘eg’l so sgcaa? (S%;%F% gegmadfzsoaﬁe necessary to create
the highly Ppmpéﬁg [Jewant nrfzﬁlet 4ng td satve psfageask inderming niwiel sikiredegepios in the gate electrode
and thenﬁr&»lﬁ &Id' Oftcd RYids 1@ngtlitegi§ne§ Iﬁaﬁﬁ&tﬁ | Stlﬁc@ %e?:@ntmﬁﬁt@ El@@bﬁéductlon of the critical

ated inplantatjo echni

cimelfothe i BCE T B P  R e e g it 5 g
of precesyitehigquas eonfaprimgedle whovdridenti§@lamockisasttpn fitf lee beeh Propéved Gadimnce device
perfoﬁlllaﬁ&tof fﬂg @ansﬂé‘t@r' éféﬁxeﬁtg ﬁy &&ge@ﬁg tﬁgc taI@e Errick ﬁbﬁg&i in fxeaéhghnérn] ion for a given

sour ce regl ons, to provi de 1 ncr eased conducti vit
chans fenefhy, 19,25 Bl 7 b mepEw RGP BYS, I GhbInaiog or SR fncrease the
mobility nthé1ebangt edriirdig tie cBdnad! kra@ion. Pirst, iGlbpaaticondehtiutibre @i cCihe EMannel region
may l%ere} cl']ge%t tﬁeréb§§%lluélt1é sgﬁteh Yebdnts (f!nr tgeoc%ﬁ?‘géahi LEs agé thElJl gcrcgnsmg the conductivity.

nol approach use sticated s
HowqvgicHifHicie ds dapaat Gopseitstier i the shasneb pogion Plﬁ%ﬁqﬁm@'l‘ﬁf tBnibregheld voltage of
the trd@f@talﬂdeviaé’ (ﬂ’fetebﬁ m&ﬁﬁk 4 RdBfdn\bE th@ﬂo@ntf@ﬁdéntfaﬁoxf Ol 0@ ctiVe bibroach unless

other gleca]amsms arerde v%'loogdsto ad’] usg c%sn%gl fhfesho I‘ ode and the drain

d .
source regions? VO ned fashion. Since
t he conti nuous size reductlon of the critica

dl SRARI BN Biticd st@eture fuhtﬁe Qﬁﬁn@l rlaﬁ(ﬂlgﬁ'ﬂ' bemthlﬁ@d b 338hcS tb? Eréating tensile or
ecessi.ta e.ad a 0SSI 1the ne

comp{f%slvg |St6abw tcf? Eﬁsuqtﬁ I;rb%lg efi g&)HH S?Iéz ect&o(gf] &nélrhﬂ % gFOf ﬁ)@mple creating tensile
straingiip the ehanoka megioh | iwtbagps de embiliyt of pletrons, vhersinepandipg op ds @dgnitude of the

tensild Qraﬁng}ﬁﬂ&gaséjﬁ\{ﬁo%ﬁltyp&rug @ WW&% l%f obtaﬂlgd tvxrhﬁtﬂ Slh %Inp rdlrectly translates into a
el ements by increasing the charge carrier nobi

ty

comePHEE PRSI PEGTOIFIHET QP B Y PEHGHABIYEEPhI (ryfbanne region may
incregsd tha ahgblliy ofiholdse @stebyt YOVIBE It@ NHoshtial Ha@yenbacins @@, pekfbrmance of P-type
transiGQUDI Nation or separately, to increase the mobility of

the charge carriers in the channel region. First, the

dopant concentration within the channel region may be

I eChacqtbntly, e h&byeeh qﬁ@esem do smaadcar fol Ghs@NBNE Silke@/getRi@ium layer or a
silicorié;myoxg ?alyg al[n;olau(re:lgvr%qge ?]hannalsrel 1} oe%%l(t:eg nx%sii-leb t%r go?nrll)geléls(i:t s\{ressy Although the
tranm%mvﬁﬁémam@gia)ow @nsgd@rablb'@quec}/bsaﬁlc atrodpctionef sttvssemmdayers in or below

the ch‘erlEltr@éikﬁ sﬁ’gmftch}ﬁ eﬁfd'rt@ Bk SR madlary inﬁfen};eﬁtm%rf&gﬁtldﬁ%kécﬂgsp@ldmo stress layers
afiron a

o e TP OAER OSSP ncho (EEHA LT ol sovh chniques
have tdl by/dsivdqpedland gnpleipantsd ingo thiesicrse fow forferst i gdrmepiumagrearbon-containing stress
layersae Qﬂﬂ«g)natta h&atodd &‘eoeﬁgvrth'ézgﬂdﬁxﬁl fe&ort hﬁexﬁ:p aﬂ?&%és dofn E)Qtp is significantly

ng g)nndlfle for instance (¥ creating tensile or
increatgy R AP S PTCHC ROt PG leail i BT Bucion yield
nmobility for el ectrons and hol es. For exanpl e,

c r%ﬁkﬂﬂorﬁlg qoséplpx%%&tlg @1&'—: E}e 1Qn %fllg?sg ﬂxatﬂengll%aﬁi&gia%p which is formed after the

i ncr eases rons
formafipgRé Hﬁlt’i‘?@m&?ﬁ el@%@t%agﬁquu@érawwmd {#bigls Feceives meta ppntagito provide the

increase in nmobility of up to 20% rmay be obt ai ned,

which, in turn, directly translates into a

corresponding increase in the conductivity. On the

ot her hand, conpressive strzss in the channel region

may i ncrease the nobility of holes, thereby providing

the potential for enhancing the performance of P-type

transistors Cbnsequently, |t has been proposed to

.

the new development
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silicon/carbon | ayer in or below the channel region to
create tensile or conpressive stress. Although the
w0 p@ndisBeOr performance may be considerably enhanﬂsﬂmbyman
the introduction of stress-creatin in or
eleotiflaC RSP PoefriBFourcg g i*a %B" 3 I"? e 'TaBS‘sER—f\S Typlca“Y’ this
insulatiagl Brydr cornpmigds @ntedst ork kieh $iap gt brdiner(}lfld g frthee djpltrcle lager that may selectively
be etchbd \@aﬁreép@a( Rife éteﬂtsfal? w& of 6B %mhg g,ge&me% &L} mﬁw T91\'1%9' referred to as

techniq epltaxi a
the C@Faawawr ﬁ@é%?oqfase@ldwa\?@h ftev B@r a@b‘eq Gpief sty cPRipst bree g In order to
obtaih 1 edficiefiEstrs &ﬁﬁﬁﬁméchﬁﬂntt@thé €Hatfel BgorE ﬂ:ﬁ&ﬁﬂsiﬂf(ﬁ- foBdreating strain therein, the
cont %ﬁg}q%gﬁge{t] Esﬁ&gt:@({]% ﬁ%tvqc?r%i t@f—%{l Z}%ﬁl&lﬁg%}&% tg Bg h%ltigned closely to the channel
regiopr lg@dgaced Bippiptasdrghifectuses sqapiring 4 lalp snager Pﬂ?&a@a@’é@hle‘t%éheéb%hly complex
1ateraah@m IOl L5 TiganP SrRAIBCF thHe B QST it caiddt Itidaﬂaﬁotsetmvb@} “§badrbed” by the
spacers CI'C gICI%l‘lalkl%g céﬁg%rﬁérge :Ct %Qer ¥ppr(%ar 8 SS SPI%C tF?]lI‘ van éTS V%ltg respect to process
comnleagb)ewmpm felepritagialogravs SthtlmerSI dyerertly ﬂm@ttr@hveo&r ¢répting stram in channel
regiohd ARFhREQfanddhi@rENt S t0 enbed the transistors and which

receives netal contacts to provide theelectrica
connection to the drain/source regions and the gate
el &ctigvod ¢he@bovt-describedisimation,alrese, exibly pinesd [fdryn inpinaved technique that enables the
creatl'oﬁ]&{élrég ﬁx% cﬁaﬁﬁ(e? fegﬁgm{ohﬁﬁﬁuﬁﬁ cdn$ﬁ§ Enm&nﬂe%pnﬁfapg%mh techniques.
| ayer or liner and a further dielectric |ayer that nay
sel ectively be etched with respect to the etch stop

l ayer or |iner. | DISCIOSURE GMTHEINVENEHONISUl ation
| ayfd fOlYMVJlI‘J pngen{sgi %{pflﬁeq sﬁr?magyc‘ ottt %&&Eﬁé %F(;rdejr %?ch@ggﬁkrhﬁderstandmg

correspondi ng et ch op yer w denoted as
of sopip P&t of thinigyentiegy eThls SRR (6 Pot 3B IO 11 pppon. T s not
intendell rtceﬁ&ufymaﬁ&foaﬁcanaaﬁba@ oSt fnGentidiFor Gh@inate tHeQEHpO Bf B intdion. Its sole
purpc1tsg 1%2(} {)r a ecrn;le? {]on%eri)t% % n gl{ 1e<(‘]:] ?01‘1% a% Egrreﬁlde fo tfle n)}ore geq%lﬂg description that is
discugsptdlptfel regi on has to be p05|t|oned closely to the

channel region. In advanced transistor architectures

re a tr spa pro ch fo

R e s R S e T
layer,girrp @m etclpftort lager of p disksctod lat/dn etadorstdotembedeansipteryedqments fo form electrical
conta&@\!ﬂ@?éﬁfough ﬁlbc%?,é Qx%ﬁmthYo fub EhamRPfeEibms oftrgﬁécﬁmtraﬁﬁs!fdrrégzments Thus, the

nventi on triple spacer, ap despite
contagl ey E%rg% ?/\f°f“i’f’dr°é‘§‘b‘/et€t“e‘tt?5‘ tbF’%t?&é”&‘@ﬁ%‘f‘@’i?W?“&@M38“ be highly
efficiéngly epsfe@editahé shagrelovgionst cressthdray@rresporcling steat, thyrebygg@viding the potential
for infbobin@ il xsmte%o&ﬁ@aﬁd'tﬁgo‘se&aﬁl%@on?&cﬁmra%ms{oﬁ9&%& of
Advanced transistors. In view o bove-descri bed
situation, there exists a need for an inproved
t esdvaidip@o blrailllusenab le@Bodichat 6ff tﬁélblie@ﬂt ﬁ*ﬁen&dn[ & Sifethod cdir‘i}ﬁses forming a

tranm&&%ﬂegl%!lt crrgp%sl g\f %’alitf% C%Bde sg'lgcﬂ.lre 15? %16 ardgn% Xe@ %ln%en\( gnd an outer

taxi a ues.
spacef WERH’II\QKPOY?Teﬂ“P PHitdr GRECT glemﬁré &dhpngenpved aup  coritastllingydayen jsyformed above
the tr@dfistbre@mb@vent i on in order to provide a basic
under st andi ng of sonme aspects of the invention. This
sunmary i s not an exhaustive overview of the
i ndvespriding fp, anptherjilipsteative ¢nppodimele df the pregtatritvefitionkapetignd comprises forming a

first tﬁafldlsttdr Q:ﬁlnexﬁ &R BrsOfatel dtBirddl \ét?lﬂﬁlkeoiﬂchgﬁng # 148 lah HEE £d bk Suter spacer
the invention. Its sole purpose is to pre

clemegty né’”&?ﬁ’?&r&p"t o Ry siement At Pl haspr epoid e Sheifge sucture
includingraclegdeindinkredd dhemEr sppder demehth The mahadifigtheremptisksatddving the outer spacer
elemeg"‘l@ Gﬁ(h@ HSV andts&gn&aéa?ese%aﬁ‘o 'elgt\ﬁg I‘els O[\"Io}e%vegl rtﬁ-&tcgrgact ﬁnef‘l layer having a first

techni que that enables the tormation of cont act

liner layer, i.e., an etch stop |ayer of a dielectric

| ayer stack used to enbed transistor elenents to form

el ectrical contacts therethrough, in close proximty

to the channel regions of respective transistor

el ements. Thus, the contact3liner |ayer nay be forned

or may be treated to exhibit a specified interna

stress that may then be highly
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efficiently transferred to the channel region to
create there a correspondi ng strain, thereby providing
wo b@oppos7eant i al for inproving charge carrier nobCT/UB3006/014627

and thus overall performance of the transist gr .
interna} 53¢ LormodoRbgyedtPn st IR orrYand AcTOn CHBY APTRmer bving 2 second
interdalwBresp isefer@iad aboveviestdogdirandstoreleod conpri ses form ng a

transistor element conprising a gate el ectrode

structure incl ud| ng at | east an i nner spacer el enent

and an outer spERIEEDESCRIFHION IE, BRAWINGS

spacer elenent is then rermved and a cont act |iner

| afky investidnaniaybe uadonwed byhefeteticans ihs fudlbwiag é¢y@iption taken in conjunction with
the a%&&hﬂhma\&&s %!I‘Qﬁxﬁxetfke telféreliij@etc}ﬁlﬁyalg ﬁleﬁi@)lﬁ? elgﬁ?lg}ltts Qlti n‘I \btﬁch

resent I nventi on, conprises formng a first

tranS| stor el enent haV| ng a first gate el ectrode

St FigGiedl I R1d fobdnidtlalg ilBktralee@&h-scatibnblNviérs d@ndirabistaUl@ient during various
manu%agf’agrrlggr sta%eseﬂ?a-}n rré E“c% V\F]c? Elﬁe h gr cgo&i goctgch %a%x%tﬁ%glorf élga[c?orc(l:jmce with further
illustigtivegabegtireenisipafl udi ng at | east an inner and an outer

spacer el enent. The net hod further conpri ses renovi ng

Elg%r?o achemeﬁlca e%ho?x/éggr%%\]/bsec 1%r{'711e‘ftew otf a ?nrug({ng é:gorr_] :g?rl}lglugg '& two transistor

elemetnay@plvihav Pantpctdinérilayst dlase wrtheabspestiveechannplgegians witla differons internal stress in
respebtiVe pbikibrit tof tHeABFAH LR 154GHBRbraAE with SACRARLL: ARG embodiments of the

| i.ner layer having a second internal stress is forned
presenilyf¥ioPhe second transistor el ement. BRI EF DESCRI PTI ON

OF THE DRAW NGS The invention may be understood by

r emﬂ@ﬁl@ ﬁtvéngon 1pﬁtscfeﬁlblquwﬁgus%ﬁfﬁuugﬁs aQ@al{eﬂgtﬁ/Q fdnﬁs spemﬁc embodiments
conjunction Wt e acconpanyi ng draw ngs, in

whi ¢
theroqfiigle ot BPBHBEVHATERAFE I o AErmgs 1iee hepedfsetited laﬁf*daﬂr rft should be
undereiod; iwetdr,ghit &6 des@iptich IS i@nEtdifanibydiméntsuistot Atedded to limit the invention to
the p&t’]c%ﬁa? fo%gsc(mc %%l buY br? % cc%tra tBJ ﬁt@rﬁ]roﬁ ESQZB c&JeleJﬁerH(;dth&[ohp gqutvalents and

rious manufacturin es In rmng
altemrtﬂﬁetalhpa‘y@rn the S@%’éafldémp?t‘ef thernyamien asdstiice by th?mapa@éeft%h% e
with further illustrative enbodi nents; and Figure 2
schematical ly a
seni conduct or 2 ¥MD%£§ BHDK ﬁ?ﬁ IINW: OCN el ement s
r eBlustigiivegpmbodisernts g€ the Injantion drepdpecribed|bolew. fnghetipferest of clarity, not all features

of anra%ﬁﬁaﬂﬁlbﬂﬁltaﬁs}aﬂg @J:scﬂit@@ irOMS sct batt@n d ltfvtlﬁE lo® Bdursk Bt @pacdlated that in the

stress. Iinr Tl ortions of
el O ) 31h GO LU "L PIPTRERT PO PR gt be made
achieenirodtvelepats sspexffictghds, puck geqmpliansearithi spatem-iel endtbinginess-related constraints,

whtcﬂ \QM Q/ery 'ﬁ@ﬂ ohec‘lné}éﬁl&ﬁa[%ﬁ Ql aﬁotﬁe? IV/I@xre!nQP% \Jﬁpﬁé Jph aatém s@ﬂg development
alternative fOTﬂB Sp eCI i ¢ enpod |nents t hereof have

offor e ORI e UTEE P WO Y Sl B TLine e for those of
ordindte skall iA thd @8 Gaving @ benafitdb@thadidisclosute. Shoul d be under st ood,

however, that the description herein of specific

enbodi ments is not intended to limt the invention to

t hEhepageent Bygniion Wib povs baesseipeg ety refpsence 9rtherapigehedfipuies Yarious structures,
systerfuh@d déviceddrd QieniateallyodepioNEin tI&Hfawﬁi@ﬂfof ﬂnﬁp’btseis @fplanation only and so as to not

ObSClerthC Prt%éegtnltat?ehtlo%n\nglthac#ettalt?sntﬂe%t Ie we?l kfng\lvvn klﬁ]ed dn tthe a{t Nevertheless, the
nventi on a he
attacla%ﬁewd@drectwatdfﬁsto desgriba pidERp I HEHORR IV P@@P@:‘)fﬁﬁﬁ’r qSWEWPP@\I The words
and p(ljulaéeb' %&g algﬂeﬁ/t%h&tmo&din@m& afd mteHﬁ‘etédrtU QWc'aQﬁeaﬁtﬁ@ consistent with the under-
escri pe

sandig 3t P8 Sonp sabaestou o e i ey it Nelsseh sdibpp of a e o
phras¢, hie. s2 dsfietonfthagia tifferant filom the okdinapfand owtomey beaniyg ps wderstb @iy those skilled
in thetan QL mteﬁ‘deﬁ n)eoe qﬁﬁ(@(’i W&enﬁfsag@ Gﬁ/thétje’x%r 9&%& @Lrelﬁ BO@E BRAL that a term or

numer Qus i npl enentati on-specific de t% ons st, be
phraswﬁ &Héenfl%l to have a special meaning, i.e., a meaning other at understood by sktlled artisans, such
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achi eve the devel opers' specific goals, such as
conpliance with systemrel ated and busi ness-rel at ed
wa@oenstingsant s, which will vary from one i npl emnrePCHUSZNG/014627

to another. Mreover, it wll be appreciated }hat such
a spegaldjé@%mogwg e exPredy fet ﬁartﬂm the épee’éFﬁS‘P’éiP aailﬁﬁmtwna manner that directly and
unequivobatly GRMigesMheRpEcialdfinitiva drthene@mer jiet.ess be a routi ne

undertaki ng for those of ordinary skill in the art

having the benefit of this disclosure. The present

i nGestalls hewiepant invsilion addmssse thp preblemypi aficicathelaatiereng sgese fam the contact
liner &:Iytaxatbh ad dhirgelr @gion, Vieile Qidﬁertﬁetwsu GlatifaRfing 5 \hsphedegrea compatlblllty with
converglte ional grocesses? é‘ig nﬁ%utlp%a ! acFr cgen?eét% dareI grogllaeed %agtﬂyoaggg’e ag) required by
lmplatlﬂq@nml@ gligide rpqyyemenis.on takg inkp @@ftu@ﬂ eslallgh giffugiyity omlllﬂlankweqm like boron
and pHOsphBIOBE whisbas| RAveldR thé) %ffébﬁ‘&e dlhlﬁﬂée rﬁdﬁﬁ k18 Sain tath source regions may be

s are included

signi fc%rft@g%]dlﬁgefi?r{/tgvv tgeg%rx%ogt 88%061": i éemopzed Spélﬁl{ toﬁfr;]eve a? oonnof ?h]e cor%act liner layer.
Herebyothel smayedi piobesaioete enemosh et Plerswomksdbebbsmmfdi & astioed ueshb' affect any
sﬂlclde rﬂé Pt bORRY 6n @l FRAMAGHSHA He 81 nd Wuﬁc@ re%iaﬂs With reference to

er standing, of those mo s and_phrases o

e SRPTE s LT APRoag® ShBEPRr R PiRT MIDf i deseribed i
more detdiler m or phrase, i.e., a defl nition that is different

fromthe ordinary and customary neani ng as understood

by those skilled in the art, is intended to be |nPI|ed

byFigless stee prhopriseds BPW oh seticopdretah dptiealll Mefresrioctiopgl view. The
semicbitiBcteXde@iod I(I()h@fnpl&ei £ Kulstiate JOMNvasR na§ réphdsen dgdappopringev@bsrate for the

e

fomaﬁﬁ%grcg‘%ult@ggﬁﬂtp& % a?eg blac?lltngtsePgﬁésxglgplg glﬁgﬁb;&%%{bé%?i'epmsent a bulk silicon
substigtesf 3 ﬁllqop-@prlr\mh}tpr (5@1) é%)ﬁqﬂéas &F 9nyscélter ]a]mrqpﬁatf: fubstppge having formed thereon a
crystaBj2€ Génfléoﬁdﬂctoﬁ)ﬁydr ha®is pkdpRitk Fod B [forMRDARF trinkistbr dbnfeRte lﬂel}éln Formed in
and otnqge fu%%%%olp?q%aa ltansgtE)ro Vlé:rr?e%\.s |1%Ohue1 afslﬁn grmrg elasteg ﬁ{arlmlrtlaﬁ{l/né%] staée in which the
tranSIaerdql@@atelsﬁotchreprmsoabgaewl@tw(bf1102 é}atsmfprymt pm A ghte iysplpiign layer 103, which

separsidsli@Ste teQud e fr§r9 R Elﬁﬁxtel TediBEN 04 klﬁMﬁefy rép%sénh@po@thﬁ B84 substrate 101 or of
eSS i ntai.ni

1.oNn
o F BB P PR GO BTAP SR LAY oy e of fed
effectpnanqm@seuchsp@d‘échagﬂe]ermﬂtcg oaq‘léchpmxgl\nag@(tbr having ngatalegtlz @e., the horizontal

dlmeréﬁm LEGAY ha{tce gec*&)fde' 1P W%u?ct 1a09f R0 ‘HmSaHél ﬁérﬁlﬁcaﬁt@qé&k ra@ Hﬁ\? Besencountered in
take into account the far e diffirsivit

hlghl%‘i?é’@leé glh?orlw@%la%ﬁtedaﬂram}sﬁa% SFH% gemgpy é’i"%saésmﬁ Em}wwn Specific IC5)
and tliethe afoh@qichtisethel g i donfl4yemmoB ey thivainparogliae dhickee®s that may range from
approgcﬁng{elsrqa Pt epe% le%é tg rs]évgljalcrﬂp h%%ndﬁn%%“ ?h%QVérﬂl &quglgloﬁ gﬁhe gate felectrode 102.

nost spacer rror formation o
It shopld & arprreiated thPtuﬂr?eareSfrnawrnﬂonH‘fehléﬁsy advartagequg RGOaP NP i tromely scaled
trans1£t61‘r elefnféﬁ}ts QAR ra@&tlen@lﬂi&iﬁ Qﬁprcﬁin&EBBﬁIOO yor ReendF 3p@kaahtSY 5@/ and less,

Wheregs mfprm 1Lie (ijhe quetsﬁ'r]l mvent on ma?l/ also%e re ag]%%d g)qess g ﬁgtlca{% C#ls?stor elements.

actrod Fal i an
sour ce reglons VVth reference to the acconpanyi ng

dr 2 B8R ondhidr ldbvede 100 quﬁJr %@ﬁﬂri\é&é af Bﬁ@tj%pgﬁﬂi@ Ofmedl B€the sidewalls of the
cribed in

gate %é{l’%% r“)2 Ffl%eﬁ&égc%gagg\rn 18!5 Pt ?Tﬁctn?pélg‘ﬁlog; a%yhagwo%nate Jl(SI‘ecmc material, such as
silicos dinkidwo sndmmomdedelwblc exyllif@{le iaml the ies -As widthi of thw|offiet spacer TPfels selected in

::1ccor(‘:(‘%1§g[él ﬁw&ggsnguggﬁéhtg For JE(QQmQ mgtkélecﬁ)pzﬁlt ﬁﬂdgl% 183 @r&éﬁs&pgs 1ons 106 formed
present an%/ appropr] ate substrate for

whi
within S‘Frf&‘{SF"B% l%lf adﬁc?n&m the ghagpgh freion 04, b grmaitoadpeter deviret @8 may further
compE@ran ennasphcey, eldnleet 19T hisih¢daddfcchOib tivajdewals o tie Bite eledatdekl02, wherein the
inner ‘Eﬂu ér%i%glerﬁ l‘i@f’ ngsage se a?ﬁ%e%ltjro L CRE ofAdE 4 Qc%lui(ﬁtb a lgné-q that is comprised of a

ibstrate, or o rop riale substrate havi ng

dlelecfr@@?@aalthh‘évgeadnodara@wwb gt $3Eéﬁ"§é Fritle tspnacei¢Q B mpterjpbef therjgger spacer 107.

is appropriate for the formati on of transistor

el ements therein. Formed in and on the substrate 101

Is a transistor elenment 150 in an internedi ate

manuf acturing stage, in whith the transistor el enent

150 conprises a gate electrode 102 that is fornmed on a

gate insulation |ayer 103, which
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separates the gate el ectrode 102 froma channel region
104 that nmay represent a portion of the substrate 101
W@r006f118I8¢ appropri ate sem conductor | ayer for P€DUS2006/014627
thereon. The transistor elenment 150 may .represent any
nong VSRS cmprgfiepni o @Eer STaEos A R G SOmee oblioghnide e i e 108, which
is alst foamdios haizomddl p@tidas 6ftarvnlestratt 10A RS Gittq of kha gateigecaodyd B may be comprised

of sxllcﬁ'ng&lihe !For%%cin attJ;ll?eEm%ExlnEoQi%naL plgrlaﬁg Q?\!\/é?lrlastglglsﬁeg gmgﬂ‘gﬁc etch recipes with

ure
high gfrhy pRleeidty i Kpovs & oth% eRAITRREIS.othe BFTt B3CE1 O rudj By tepigprised of silicon
dioxi@eOdTBiliecn Eilifrid€) thbatae dnek ndsefdyate @OmyrisédCafisiliSon rﬁthiﬁehsoaﬁ to again exhibit a

modeg?gﬁlu%m%m&ﬁ{ctl% Wity res gsw l%gﬁllghgé%dls%g%zﬁ ?%C(fl red a) "Hl%)devwe 100 may

nseq
further QDRSS AVIRBGESP LR eé?emtda‘%hasw%a W‘Hihéh@h’é gadecteth @tmeﬁtage chzfpﬁg (i_equlrements for
an jodk fn@lﬁhﬁmfpﬂiéésmtbe hab‘rfokné& smqﬁénﬂwﬂﬁnﬂ &S;Sdrm afi¥@EcbgidhE hdjacent to the

CXtenSI?IP re,%lons é& %3'220““? fragek FA creléa eé;t g)b is scijbara%(rlJ -fI'OIP tha 1r{nﬁr%Pac?rH 87 by an etch stop layer

reciate
110, ﬁhlésémcowwmqn@hpqr@onh pigthd §ner B zand wljelpigsomprised of a material exhibiting a

modega@mghlglateﬂclo Reldbtidify Wil £ BRIty R Ctﬂdte@igl &ff 84 §ﬂ1te°rt s@ﬁcele h@®ERL She illustrative

embogllmerét tg?. c&iag ?ﬁi{&é :1 @nrgadl?)ﬁ %ng)g’lgeﬁ |og§ écon &H ¥ gen Y ereaf. (e)t{:h s%/ qayer 110 may be
comppiseil psilpbeyitridh en pthesah¢dimants glifaranmeteial @paitioss forebriuley spacer 109 and

'the et@lpm)ﬂ ﬁﬂar 15 Au%rso% M@d $d foﬁféa% rgcfuﬁ'&ﬁét&t ﬂ%ct@itﬁ%l? the Tvl;bematerlals is

sem conduct or device 100 rther conprises an
mamtglﬁ%lc &pr e{ﬁ@ler, %anbaﬂn?%éheﬁuﬁmq 09 apy leqf@mgrésta%of sﬂlcon nitride, whereas
the etell spptlayadi@ 0 hewhe cdigisaf df sikdon 8ipgider 105 may be conpri sed

of any appropriate dielectric material, such as

silicon dioxide, silicon nitride, silicon oxyni tride

and typisal mracpss flowfosforping e setnwendaftprsdéwceslﬁ&@é?homs Figgre 1a, may comprise
the foslableg progbsded) AfGE QHEADE 6f 4pi abﬂ}oﬂﬁﬁt@ cgas sl Gkl | i AARINEyRr 41@fa gate electrode

matenap for &s%n%_eglg tlfeat%rm %l Slhc?‘ﬂ? ox1c%ep1§18%%e %Ifle esgfli?jll 1ox(1j:{g for thq( gate insulation

layer 11%1 al.nﬁ ere-dppep Araindepedypabysiliqap 4or thetpate slemoé@waquﬁrestei@sheé patterning process
may BeQRorfoFRYd §dithd sk ommédqﬁotamhdgﬁp@ran@ BRIE REhnRLAMRRE: tﬂ%ttennng of the
sne hEGIEL BT Sl it S B0 e 6T R oo o
approguitradicitcats nfategiah stubieascsﬂlh@ehoxgipadepn 1i@8e g the likle,maﬂl alp@@lefined thickness

that sﬁﬁg@rﬁtmllysco?@gﬁgﬁds 0 Qfitnds ﬁllle @ffs%pstpﬁdeplogat[ﬁarréaﬁér hal ¥1%r5}91a@ anisotropic etch
erately hlgh etch selectivit re§$ect

Pmce?fé’taé P %ﬂrf"’a’fe {HEmOVR FEFSS TBFLR PO qu%p%?ﬂ%‘s PY tPeufStipegOPpach as at the top
surfacendfabl paed) electiolie 102n@@r onsg@csed pdrahs Ml ytheh @ibg@aRPIOL S eShb@fuently, an ion

impla thtkoln g(ﬂleﬁyetrﬁdydi% &HQTJEE%O ko!rrH ear 8}% cﬁ o S%{genklg‘n @el 5_06 Wgereln other

hori zont orti ons 0 trat
*mplaatﬁtloeldpcleéﬁnw e cggatdee GO izedriggion @Otz%lm)mg@w thgf substrate 101
and/ofS4 hdl&l@glmd(n&)@h@bﬁm) irF@der &)Ltibhmahd'ﬁﬁ&ﬁéd aiplaﬁt@urm%ﬂdttioﬁmand aopant profile for

formnpvﬁ tﬁ{]gx:g]enm%n rg%lo W?bé ng ‘E%ef) @rlal%nsarl? sourc?( 818rtmr z?sl%slrllcf bet egclglbedqcter ofi. Thereafter

O

are
the h@rrﬁl?dméaq tieymeq Wedequmm alswa@érratelrwenﬂla‘yh@emcpemb@eﬁmomay be silicon
dioxid®l thdt GRP bg laepekifde of rtheaiaélé Qioﬂellcé)éﬁﬂﬂisﬁeﬁ'p@@ma Whbdcgd EaRichil V@ﬁfr deposition

(PEC%Q}] ueg rwc;gtgg' aa(n%?(gm ga‘l éllPegﬁH%m ; Eet ? ei)s?tgd %t{l%gm gp silicon nitride.

Subsep@siye 6 spate matetidl fa dhedlyler Shred] 04 miag bt depprited ot RAC ViDetedhpigsss, wherein the

maten-gh%mg&}ﬂoﬁ &t tﬂ&&efﬁw wftft'fegpgcﬁ 'Eo th A HRE Lp%&r Y 1041 QLd 5 Qﬁiﬁ)?cra high etch selec-
ment 109 that i's selected to nee

in

tivity.q Iﬁ@“ep‘}‘%fff g erp@dﬁ}egtetﬁ%meg seesF mafprial HH map Semapgscy f°6‘ff“t“de when the liner
108 igiseetdly tanpigedpé sifion diegids Ub stepeaibbdinentsDthé nenspheepnaterial 107 may be
compl‘#sléﬂ)f‘glhm%mzﬁg Brgs 1051?&3{1‘9&&6 @ﬁiﬁqueq L,r 1‘)9 m!i;h% 5%%&3&%19&1 mtndg.

regi ons e outer spacer e enen I'S separate

fromthe inner spacer 107 by an etch stop |ayer 110,

whi ch al so covers horizontal portions of the Iiner 108

and which is conprised of a material exhibiting a

noderately high etch selectivity with respect to the

material of the outer spaced 109. In one illustrative

enbodi ment, the outer spacer 109 may be conprised of

silicon dioxide, whereas the etch stop |ayer 110 may

be conpri sed of S|I|con nltrlde In other enbodlnents

L Y . o " o s r o oy o
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mai nt ai ned. For exanple, in one enbodi nent, the outer
spacer 109 nmay be conprised of silicon nitride,
wob@cassss he et ch st op | ayer 110 may be corrpr | BET'US1006/014627
si Licon dioxide, i cal process f or form ng
th é‘ hfg‘@ﬁ‘?rc‘dﬂld‘?ﬁ@'flﬁ?edcféw ic fff recggs 25 usie toineﬁ&vle eexcfeg material of the
spaceirayiterdad) mfpl‘ebysﬁnﬁlh@thé mhdr epaten (7pwitle alsseisatrofif ttelr préoess AelikblPstops on and in
the 1&1& 8_FRALARY b mergag] rglfria{ési}ﬁbl%étﬁﬁ] piSBds€ b Rbe L@f}éﬁﬁed p gccadance with

gate el ectrod Instance in th
devwg FIapiEssRntyt O&seplu dme fhie lgtesg) SPRaRY o il of dbecs eP Qs Tegnn 49 Vel the etch stop
layertl @mgedosfoinBbedeh@ited| BY Ritanté) 4 @b emiprdineaOp €€ f6in ofl A 6iDJaR ditride layer,
and 88'}5%&2?11 i ls geF ntaﬁe at Qletth% %En%ocﬁrlle%? %gn%%gedlé}%ﬂw%edmmde maﬁé:)e deposited and

esta erni ng process mnay
anisopsppiqafhuetehad fosforgy thaelwweaéef dsEertdy-t Reseereptive aalr?eltr%tcc#vh recipes are well
establihed A itFWRS In Ahdr Blusttai@ RABbIIQEN e etc stéglByed) Bl08nay be deposrced as a silicon

d10x1de?l]§y%r Q‘thque ou? Yo SPpet Q)ﬂ' ma%ge t%)rmed g‘%m %Sl l E %1 r ?e 102, the

pacer orme g an
approprlate dlelectrlc mat eri al , such as silicon

d' @ i@ sé‘HellnétféQH' b thél @en%gdut‘.thﬁdévick €00 YM J FhrtBer advanced manufacturmg

L N N T -
honzapep ropes of te aihitsBtlpFisuredb)cty rqprovete e rraijuctyd theetch gipmrieybr 110 is now
mdlcthi HyQ 103V FofesdeE %gep SRLE Eﬁcﬁdralrpﬂa 15}9 il l IZ:QJ]foﬁalled R&E &)'tl@ Qﬁer@fon reglons 106.
he devi ce 100, such as at the top surface of the gate
electrode 102 and on exposed portions of the substrate
10The Ssuios eapus rshdv@n, in Figutedib nhag bl dsrinat byom segtpNEkcAYy Ixedesigned in
partlcﬂﬁlr gn?or \Aﬂﬁgntst RKa %mtﬁ}ly&?sur £ eg‘jl I}\)Iolgés f%%‘ ge?e'@t‘i\\}efgrr}enqo%gl% g}ﬂ)%ﬁ:d portions of

erein ot ﬁsgq'% ati o es mag
the efe‘a ftOPc laver BOmbgrepy ereleppblitirdelictive @%chqﬁ Y Shibsih )Whetpip Hiersich process
may ieheebly&mb&tahableth& fkr 20BCWIRA (2 cloR bi6p m)%g | mnam( me tineB NOB\AFY) forknldd of different

e d gmgo obtai n, t he reguir q? n can on
mai er1a S dex 1uégn? ce Fug £ %ree c% e?cg fselec?lwﬁl lﬁ%o éh)i(st eetcn r%Cﬁss ?orgrlerg?}lmg the exposed

honzqr% pms @félwtca stap layea h@ ) late@éexreeg% indicatedas WiOp4 of e etch stop layer 110a
is deHRAGH Iad @)dsubﬁénﬁilly%nesa_dﬁe rt@ aktvRdth of AR dulen prace}- ngéﬁiyl oge Moreover, the

1 . t h, . .
corresd)ﬁxécflrxgﬂ%rs a?gg mc I ! g;g E)ager% 8(2 EJgICﬂ? g%ua ,ted{,ﬁrléll% ar%@!acgl%nt lnllprfantatlon for
formigg tho déep drdingand sdvere xgdns 1 ldfandf\elbd foefyttip depddzall gplecpdmatgode 102, is reduced,
therewmngﬁg th€ BRI GRhe ‘i(ﬁ@r@;ﬁan@a@&ps%hlfeh@ r?or (f(Prggxy@e s&@&h&hﬂ’gﬁ&s 111. After

ot her enbodi ments, the Ilner 108 may be dep05|te
the “’i’ﬂ’]ﬂn{aﬂ%‘ # BPihitsFmal pyopel Bigos) e by e %ﬁﬁé&ﬁ%ﬁﬂ § dopanig pitfinthe extension
regiomseli0e kndathe deey dribisouirde nezions pElCaad alddid rémystdlll&e d&'ﬁtﬂﬁnetchdagay:aused by the
provifEERRbERARLLNE Ster YRR, hlieat eri al composi ti on o
['1tner 108 Mﬁt respect to the inner spacer 107 is
selected to exhibit a high etch selec tivity. In one
i | Figat riat écu@laecmbya dhsmnihe &Jﬁﬁoﬂdﬂd&ﬁr deSPAB0 iffbdo@idadde WMWY alternative

embog%%nt% n@r i' escieg) s%%ce/d?aaﬁ reF1 ns lll an§ ri]or ggermgmlélg e laneQzﬁ e téc'nsion 110b of the

I con
etch sgapidayeri 1iean ths Flglerh éc, ithq risk prsiﬁaﬁcferrfommtgéhq ofgh stpp hymwab-‘econﬁgured such that

expose® AR1zbr%E PorBbns SF thk Giad 108 @Xialde rifovell hbeiNfoRidend Fekil®, 108a. Thus, the

comeiid NS LREE, L08R D L Mg O Sl ET Paigrial of fhg ebstzate 101,
whicly i gfbpetialiyeepmbised: sfsilicbroinmpenipiee cBhusiawsts wthe piewtht iventiohe Consequently,

the g§t9 @ﬁ&{odéTWZezan %msﬁdﬁ%g méloflso ani'hg] gubgtnl?e i(ﬁ N&d e)&)Q@@ %[lrm% Qe subsequent
le the_ a |sotro iC rocess reliably stQ

et ps on
1mplaatﬁtbon pH)CPtSﬁfé)r opﬁlég i 3P dFﬂﬁlé?lg rfgéqns 1]& fTBffrfzﬁtgrr a rapid thermal anneal process
may lgppriaipni, atisaldonipicdirt aith cfergpte0cEigse Yy be performed in
accordance with device requirenents to finely tune the
| ateral dopant profile of the extension regions 106.
Next, the etch stop layer 110 may conformal ly be
deposited, for instance, in one enbodinent in the form
of a silicon nitride layer, and thereafter a spacer
material, in this enbodi ment conprised of silicon
di oxi de, may be deposited anhd ani sotropically etched
to formthe outer spacer elenent 109. Correspondi ng
ani sotropic etch recipes are well established in the
art In other |Ilustrat|ve enbodlnents the etch stop

S A A PN o o a
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di oxi de layer, while the outer spacer 109 may be
formed froma silicon nitride layer. Figure Ib
waehemes8eal | y shows the sem conductor devi ce RODUSIO&014627
further advanced manufacturing sta
polft Mgy ¥aneidraptisias clepents. P%ﬂf/‘&’g ?Lioégucf“(iﬁyr?ég‘g%g?f’égfeﬁ’@ns such as the
gate gatrededl0? axtdrod ctmmax(h&amfdheatem/cealﬂsqms egliotsolt i, Z0intredsed by providing a metal

compgﬂ‘lé to'n ngl?ér BthlJnggf r_ﬁ %151%t ﬁnc;g%e{aF§1ﬁ:U£ §onlp@u)nzd n|1a§ hhe Wgﬁg ‘conductivity

resi due o layer 110°i's now
comppieg iy FEP Bighln depgd ﬂmﬂ@&tﬁéﬁl Tge é’ﬁn’@léu?t%’@’“h ePelt g in highly advanced
device giclens typitdllypr@idtdo Bt cogsgondine hdta sitixitleragons 0f ted@édasistivity. Prior to

the dgpggnon Cf@g )ydaggzrbp@?ﬁe :l’h%g %?ch %%%Xi@klnﬁ thF Il%éJ g c!)&’es&ﬁ%né)s%xface portions have to

be expesed fqs gistagee @h@éaﬁﬁé ﬁ?@ thagerracog%@t deritcs H0j2gshave & digurs g pand/or surface
conta@ifation i) GORBy featm&ed @Bdnithelifack BEHRdhL B@eﬁdﬁﬁﬁ&&doxﬂﬁé’ iliefy Substantially

exposegi ats rx‘seshc%twg 1r1]1 157 ! opl l qXﬁle emg'odu%e'ﬁler ebglbh M\{e 1ner q&é bsrc'ax%rllaﬁy comprised of

S€l e réci pes
silicop ﬂ@@ég ghermyesp@ﬂmag{:}yprgqe@goq eiposing ths ﬁelQVhIé sqlrfappeportmgand/or for removing

conta\‘l-ﬁlﬁﬂs teE}%mﬁtyQJ}hd@ tBBuds aﬂﬁrrbe %Ieorﬁ&ﬂox{ th@ bdsis REeA Lk s@écve etch chemistry,

whlcla %“é?‘%‘é‘alg’f“"&‘}?hﬁ%‘é théec%a \FFQPX}O%C n? 6hel ! Isngee?OC ﬁag Bvle@ &% t&}% etch stop layer
110af &pr ingawosy diggdtfivericeaciddHEdmiyotrei @@ﬂb admopopridegnd ogfle fefidues selectively to
silicoB b biisdrihayer 110, the lateral extension, indicated

as 110b, of the etch stop layer 110a is defined so as

to substantially correspond to the width of the outer

spager 1élseweanialyGlowsNby @onveniductbhdvico i (0esipon chirrgpohdingattch process to
selecé&e@crgmovle Q&Jfagedéoﬁtgm&ggn aftft't exl;&sg ﬂ?enlgsp 9 € éuH‘acF ngﬁl{n% IN’laoreover, in one

urln a subsequent ant ati on orm ng ep
particafe, pRPOSEMS 61 PRy rsglgqt% b racegiy aléﬂ wer PO Spmpleily remove the
outerd@ﬁér REmé €09Q &'fs gho@h, it strBid@ dddtb2 deviicd lﬂ(ﬁﬁiﬂﬁlﬁ& thd 1ier ¥Ry that is now further

reducec? % thletc%;rclfsg 1];1 gle%g ettq?]l rc())cfesst Eler | ocrl]rea ugg% ﬁge'i‘ E}Bébo nl_ylloreover due to the

ence sou’rce rarn region
lsotrOAfCtnewrepﬁtbe ¢t(rhmroam 4 aowﬁ cases, anaipdetetelvsearngly baﬁﬁ@& [thapyip ¥rsticgldy delineated

by theBh 6 1RRF 1104 NBElild, BpdrisMat-a pblhlensdow&& ¥tk E1Bdtdddd 102 may be exposed

oo TR S50 £ P s L commc o
materiph srgjanticl udeaidbaldy the Heer peddy Tharorrgspadiaghy redived effsptoprogrmighnow indicated by

1052 0InRA! otheBLIRBI RN, B 1iRY: PGSBS outdr 's;glUJrQOd hay D€ DR Ld ©B8did1dtric materials
n accordance w

otherélixaflvﬁlﬁctg)?q?%zigg %gﬁé{;}?@rﬂ? LJ}%quﬁt%gsltqp H@erd]é 8?bmay be com}JrI;]sed of silicon
dlox@ao Ut the/cabe.asubstant@dtly the samik blocanflow mny et rwithan sgrdpliae etch chemistry, such
as ho Bs%ﬁcgic aﬁék%ﬁ%k@ﬁle %ﬂe Q)agefr 169r5ﬁd Ste%sestﬁe%grﬁlcgycﬁ&on;c]&ﬂeresk
Igure Ic, the etch process f formng the etch stop
| ayer 110a |s configured such that exposed hori zont al
PO ThicrdafG, #afapprdpdaté mEtEImad O8depositedySputttRidpgiEich onttheea@dyf well-established
rec1pés Fg}eﬁlg%nc? Sco%)ﬁs 1tngum ]h?cﬁg or -gmgr l‘eﬁaclg?y &leg %?}E g Qépgs%ecﬁ Ba%eni on device
requl@@mt% divdogthe %puﬁeatimomﬂn fhe Pﬁ‘el y 16 8 awéer%m diregiie dppopition technique,
the pSrHdASI 8 bibiAdtdpYaySONTDY disd bstarktialhy ﬂrév@ﬁ@métﬂ dBREitidnC uﬂo@sequenuy, except for the
es e

exposteggppa {II%W%IF%O&OP%E& ,p ezm%% die%o(%l}/ ?rbgﬁ cnlarl sﬁgstaptéa y gﬁtrlctxc% to areas that are
substantiglygigtostined o the Glimensien efxipomited srdear ielagent Ae9, glthosshqereqyed, that is, by the

lateral meﬁ% qtl blp nDﬂ'[nQ Qlesﬁ%{_eéu@ﬁt e rtl@ltfﬁglt tféﬁ'@mﬂﬁﬁg a Qﬁéﬁlm $Lattok Between the
arter anne

deposaf:%a%é] §“dnsé3§F°’b &e@éselmdéef Paﬁ?rablyagm?eg oa%@ 8@6@% é’n“?"ﬁi‘é’&“’\%?s Fieh as the top
surfage@hdthe ngper didewé#ll ghutiogs 10Ba bithdgaghdleptraie 1@ chetek@meslisarfaoe portions of the
substle §FENt S, usual Iy the conductivity of highly-doped

regions, such as the gate electrode 102 and of contact

areas of the deep drain/source regions 111, is

i ncreased by providing a netal conpound on upper

portions of these regions, since a netal-silicon

conmpound may have a hi gher conductivity conpared to an

even highly doped silicon nmaterial. For exanple,

titanium cobalt and, in highly advanced devi ces,

nickel is typically provided to form correspondi ng

metal suicide regions of reduced resistivity. Prior to
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the deposition of any appropriate nmetal, such as
ni ckel and the |like, the correspondi ng surface
W@eUohi108786 have to be exposed, for instance whePCT/US2006/014627
starting fromthe sem conductor device 100 as shown in
Fi g @rpgon of i Py G B A AR | ldﬁs‘ﬂ'?ﬁ%i‘“ﬂ‘éﬁ?&tFWeBBY the lateral
extenkiemDIVR off thd e stofiRyes UI0k,ac goydbiettheans iflikthater pasasiod érsll inghce, even if an
undelagt(,ql 1%&1&? ﬁ'tqy Pg'\}éhﬁgnaak e%l Ll}{ceeﬁsgolﬁ%s o2 Iﬁeﬁlll zgﬁwﬁmﬁ rllnaes significantly be

dinents 1n whic
hampie§ §e‘b §’Fta]n Flffa‘llqnym%ﬁ’?p‘ih‘? shagnedfregdqn| j0¢ d?ﬁymlse xiecrignificgpdy reduced.  As a
consdynted P AnElitidg oBtheCihotd) EiOERSIS rebtfiEtedrs ParGond Gf thd\daifysduew Bgions 111 initially
defmg'cHJr ft& f) %gctellr l%g 2171 r%g{llg)gnd 18r w}[ﬁ ngti{é a8 ? otg]ma apoq thﬁ'ftact liner layer to be

i dues, rme
form‘tsla%bssquerfﬂyao He gmaysﬂgéﬂe é‘lﬂni“@é may é’h br@?ﬁéﬂh?@@frty thewhqneﬂ region 104, thereby
signifSddRiSleaihdin the/strele msBGhecRdnfsRGEr clehidig @ AtsBedbtr@R InfiRABandd) Zegion 104.
and the substrate 101 as well as the etch stop | ayer
110a. For instance, diluted fluoric acid (HF) may be
us Etgure oler sshampticalli shpes dieed seppidonibictoe déviba 6190 sEigretbe iabavp-glestribed process
seque%bé 1604 1R ngw&' 100 6 Drikks Me{aﬂﬁhcld: |r%? 1 i3dv1§1§1hﬁé@£ﬂl/§(ﬁl‘cle Yegions 111, the

the s conduct or
pos R GBN B et £ oo G E g B Bdnpery, byt e o taer 108
and @dutéralceatemtlanb nitbieovar, ardirgpontliog exfpogi@ide vegianeld fdsclormed on an upper

poﬂl&%fftﬁecgltep@ercﬁédg N8z, V&J}{Q‘Elﬁ Qﬁé%ducédn)fﬁa %pa@é}rlbljac@kg@{e 1d) provides an increased
enbodi ment, this_ hi ﬁhl sel ective etch process 1s also

surfaffsaée& iha ig lﬁl’ﬁg.lp%ﬁli Plfi%wa yox@gﬁplp@t &a’&,ls A of ﬁéon?ﬁﬁi“é‘r of silicon into metal
silicidp deeby ehieifg A tlarged BortichSof SeQuaRr, elebtivde $€To bo REkverted lintel @ Mighle conductive
mate QOM‘BQML tﬁ%ﬁ 1&ehl%0 Ld ﬁges gggﬁact ﬁ 1alta e!r %15”9)% d%gttﬂg%ranswtor element 150,

reduced e corre pon |ve pr ocess,
Wth]! RaY %WS@?%#ICW@W‘&“I qf ﬁl@?on anijélbrea@f havqjﬂ%peqlfzxjedtnﬁ@nal stress. As is
well knid®@h mmh@sm@tpafaﬁnetaﬁ stidA@s I&Esﬁlbe I&Ih@&@tﬁﬁ bids ﬂol&@d’@d thaﬁ&Sdurmg a PECVD

al. e 1S V
proceaseﬁ'or deé)astltma s1b1co %be selecte% so as t c%%ama spgn ed 1nterf1al sé{ess ranging from

approyigptely 4 @Wlﬁa ﬁ@fpatl)l ehéen&@zﬁreﬁf tot wrerogiaiislyel dfar @fd@nm@zswe stress.

Cons Mltlﬁ% cF%@ﬁbi@ﬂg SlidhiRGest A8y BUSSIE&H&Q@QS t& Efﬁgleﬂﬁp %@ﬁ@a cdn@spondmg strain
al so e red

n TP EB0 . SR A1) B0, R PATTJroPh iEi | Yopgs snee e
proceby praqme®e@84f. theT RECHD iproessp ong iba ghlyctaded bl o hiflge mosgisectenal deposition
beha\}uﬁ“ a{ﬁ? %&Mh@%ﬁcﬁ%apﬁﬂay]ﬂ%eerl BmRh lnlal/ alg lﬁ%le@ gtti&@ p%mys‘oo substantially

I ner he outer spacer %

aV°1d€8¥1¥ﬁ‘45§VétH‘n8’Fd’dk@‘[‘%‘&*’c“‘rrﬁa]c‘?nﬂﬁ?‘@rﬂ?eé‘lagmsﬂ F\“é‘?en{ An silicon

di oxi de, such as silicon nitride, while the etch stop

la g 186, WHidn! YUV iBea bk cleani

h%&g éé%ﬁe)aby gnt I al Sﬁa ﬁ y éa‘%he r%ceesg%owe may n%a proeleaing

proceﬁﬁsaéeﬁ upfatly realﬁreéplmf b fatr@ﬁ%rt ' Hle@h%lrﬁ%trﬁlyvan@a@ﬁnsa% thﬁ gntact liner layer
115 tfy®S pRaGht o Cloghlylte the eRmaeE rebide mum%by&gaﬁearmblemammgl stbes transfer and
thus c%arge caa}‘e%rglfbllztu lEnfcrae:ag:se Fto tLe sa%B ‘glmgfe m%tdg%;%sqtg congaat?bﬁl?? 0 c%mientlonal process
technmem%mnilt@wdowhmﬁ eegﬁasliys festingfed formatenady Fheéligéld corerl¢xeteral dopant profile

of thefe eQ{enslldﬂngﬁ)ﬂ @% an@ @b axlaﬁllso&detr@mnyml RildkeRAlyOthe 188rE484d surface area of the gate

electrpxgeqllg? r(}:t ?Té% tqg)er ) Wafllrpdxl'toﬁsgl ngb OES 18 %x%asgg g%%g Ithg Eeng)ga}{ Itogtzne outer spacer 109
provigee eahlancedi¢cgbreicendactimitye @hialt mhy/aldicpeiiuievea prefowsinge]inprpase of the transistor
150. techni que, the portion of the etch stop |ayer 110a

al so substantially prevents netal deposition.

Consequent |y, except for the exposed upper sidewall

P OFiure A schdkdien]ly tHo@s Brﬁbﬂlseoderpbﬁéw ofarserhisonkd@ea Hévice 200 in accordance with
still ISi‘ilQSﬂ'Ltlivgl Yod d’l%ﬁtg ';)f ﬁé srgse&t%\% h§odS Théqéhucgﬂd@ct?r deﬁce 200 may comprise a

stanti a et erm ned di mensi on o e out

first tsaﬁ%m clegpnd ﬁé‘%%nd fG?°nda‘FaPﬁ~"6‘HQF?mF'§r?6Q/ fogmediahote 2i Sgbstr%?ﬂ%lhé‘e"ardmg the

| at eral dinmension HOb. During a subsequent heat

treatnment for initiating a chenmical reaction between

the deposited netal and silicon, netal suicide is

preferably formed on the exposed silicon portions,

such as the top surface and the upper sidewal l

portions 102a of the gate el ectrode 102 and the

exposed surface portions of the
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substrate 101. The formation of nmetal suicide in the
drai n/source region 111 is substantially determ ned by
WO b@ol1as766 al ext ensi on 110b of the etch stop | BgEUS2006/014627
110a, as woul.d be the case if the outer spacer 109 is
configyratiop ofjthe spsirate,201ehesqme FriteE APRIHASPIYICESy FRIBRGYihasfersrsg @ the substrate
101. beerroer, it At amli 2coRd atassidtor Rletnbnits 28060 MBY @bmprise substantially the same

compt ﬁ; us EJ Lﬂ‘g\,lo%gy g&&g%éi gﬁl{e xfe%?&@f&} 11'1 ur@ f. bﬁﬂﬁse 81% qirs@% F@L@%anmstor elements

fusion towa hannel region 1

250, %ﬁo FRY FIPaiPRa gpte cleeipdegiuctng m%%ﬂ@%ﬁrf’s@w@ﬁtoée ZQZWevufgofP%@ fherpon an offset
spaceD 205k pariied Abm Silinfek 6fRcdr sowwatmerabad A Qm’ﬁ:(pbﬂdh@ R&h &tbp katte 210a may be
forme(?ir ?lte}}@ /nglgrgr ag:?r 2?5% o?r.lo%sxs en%yg hllg #ake@ §i‘Ef ﬁrq afld seXong Fﬁnsxstor elements 250,
260 @& hereferrpreto aq fianer’ apacgfeleanelgt,, althgpgh a|n|“¢péqr qpacyé?leqie@t ip@o longer provided at

this rhe@ifBRGing thise Md)aaetér e ﬁ}sttalmase&ma almsi&bll d1éedl® 2500 D 4VBhdy@Bmprise a channel
regloltmnz%frseé%lragd ggg qatf; 'g%t% &%‘% odeéﬁ%t ae at% mas‘ ﬁloné ! ggb’ao r]Etxgénsxdn reegruons 206 and deep

y Signi € Stréss
sourcn‘éreﬂnacalcmﬂﬂomascbeemwwg \we&esneﬁpe@vs metalj silicidn regkvas, shrdira ackel silicide
regloﬁse.ﬁB Qe 9k withid Weeieépediﬁlgﬁﬁﬁ@khﬁﬁg d1y. %r]:@i@@}a&nhﬁg metal silicide region 214

escrib

se nduct or devi
ey G G BUBRBHREon o g Y6 B20H e FOtPa s Guehgepes 250,260
may &ffdrifioinctechothgi io the tybd 3 dapants used tfdn éorgling ihr fgBspogdingregghstm segions 206, the

sourcgv’at:!rm régnﬁs ﬂq %h& &Q&aﬂ{gﬂe%&@@%'o (ﬁﬂt @Jr n}é‘aﬁcg nhé fRst tran51stor 250 may represent
subst ant | al defi ned the outer spacer 109,

an Nyghanpg) éra@esaOﬁ @F&fﬁ 11159@911 {ivoston 740 7 THRAREY 41 P-Stneh gintfer. In oter
emboliadents, Me Ifesoslisecodd tE04ii@SI50/ 280 Ay, ireddditiorsdr hitegiately; differdmother transistor

charagt%l%tlés sug oz{s r%%g 169%9\% Hi PG ine %91% ysﬁﬁgg {ar%bﬁn AR e Like. i/[@geover a contact

ectro erein the reduce set spacer

liner ]@pir 6@,4@‘0{@}1 ormhg {5stpad sesqpd frpnsistenddanents &30 2¥e Flar‘tlb{athe firpidansistor element
250 nha§ be doR@edPRE&isGhARYIB| | portions 102a, that is

avai l abl e for a conversion of silicon into netal

silicide, thereby enabling a | arger portion of the

gafiéypishlesecess dlew 1@ forming He setierpdictondpvicn2Q8, at shrivgh Figure 2, may comprise
substaﬁﬂzfl];'Utfiat da¥@ p%@éss%g h?dre M&L@Q‘ﬂ@&ﬂbeﬁ t%@th G‘&befé@ toltgeo semlconductor device 100,

cont iner |la er fornme

[1 SES {
T T AT R
previguiyprifased ioblagition swRemisty trekds armipiriashvertingt dbvieprefl in the respective

chamx%pﬁglbrrs'ﬁg a&)ﬂ%ﬁfa@ ehllasléﬁgr §e§§ maf‘ﬁe be?foﬁ\ﬁ'dlto glﬂ)Wdlff&rE}@ type of dopant to be
e Oosl t1 on parane ters such EI‘GSSU e, Lenperatu

mtrodafeaéntwr f“ab"é‘d seiepdiimpsisjor gementy &Pq OBPaae%%féhefdste 200, outer
spacefl €lgfeatstniaf) Ge ﬁﬂo{ndddqmon’l:b titie ch&sﬂﬁﬁ&nﬂ)ﬂpﬁﬁh\‘ﬁmtﬁﬁdh&bmﬁﬁont of the source/drain

reglOl%b\L}ﬁéhQna bec'l%ﬁlg% %w g éﬁ([g[ﬂ%k} o%ﬁerf gt %P@é ot lfsﬁlgﬁé regions 214,213, as is

pr oxi asca of tensile stresSs to
prev1(alﬁlp [deseiibed frath yefg_rer@@ gur@olﬁﬂp@ daj buthermpregthe contact liner layer 215 may be
fonne@m&aﬂdaﬁd&t\ﬂﬂy any&pﬁr@ﬁrfa%ﬁﬁﬁﬁﬁ’dnn@hﬂuﬁﬂe @ HA®d a spécifRE &teﬁﬁystr% which may be

to _ef rodu
approgrtlate? se?ectedS {3 F]gerfo aarx]lchee crer;asee (I) i fff% A{rans af eﬁmen? 5§ ki nale; ailnplg the internal

stress|oé thel cctt@ﬂdm&é%ﬁaﬂé@@nb@ aﬁsalls Bitsps b pmffmliﬂ@ magnlwleé@mevlde tensile strain in
the c}ﬁhﬂ%ﬁﬁf&hﬁm RE A6 BRBrRAS TRIEK: 350 fvnddeis REGME: @Jni}ﬁteép?esﬂﬁ%n N-channel

AT W N R N7 ————
the rekistwaskyad 6 may b fomdd h@gd aalagyophbielithegrdpdmaskst thd,t @aslso be used in the formation

of dlf@?elﬂ fy@és of extftn901§fé9i§ﬁsa2@g 'aﬁ%ll Jobﬁc@&&lﬁ gegﬁﬁ‘sy 2 1“{0|Tﬂ§rea%xt lﬁb Gev‘ic@ ©00 may be
diel éctric materral enclosing the transistor el enent

subjecfeslrfo a@atgmpte?slu'ﬂfat 1sb<§;51gxgﬁ6q/f0ﬁr§ ap qqptach lipgr 1 aygbgcg%qn leérgabove the second
transisubi eGdmenrER60,behidCaxhibil dnsiltertlal Guidss Mgt diffgs Bort lit@aof thgcontact liner layer 215
formed " ]gg)gg&g,f- akgst&glglgénwﬁor equired prior to the formation
silicide evant portions of the contact

Ilner | ayer 115 may be brought nore closely to the

channel region 104, thereby significantly enhanci ng

stress transfer and thus charge carrier nmobility

increase. At the sanme tinme, a high degree of

conpatibility to conventionél process techniques is

mai nt ai ned wi t hout negatively affecting the formation

of the highly conplex | ateral dopant profile of the

exten3|on reglon 106 and the draln/source reglons 111.

o Y o .
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el ectrode 102, i.e., the upper sidewall portions 102a,
that is exposed during the renoval of the outer spacer
wae®ennsrsé des enhanced el ectrode conducti vity, P@tYUSIV06/014627
na al so contri-bute to a performance increase of the
Qoe éllugfatlwboqxﬁng& the t?atgleﬁé}ﬂap?yccgplplg}se &R ipRdmpjantation process with any
appraphﬂssn sedds] netods xanbe \atgod and th6 dike, whiridgytnordifyl éw ineemalctiréof the contact

liner @a&&%ﬁg%%SOSMAdt \lﬂergl}yl cLJatlrrg%rcte &l delglele %Hél&@uo%”’%&déx%ﬂgé ensile stress

resent I nve uctor devic
may by 2 E"éi’fﬁ? inaenge i hegholerRagiis 8 i ABIeLIFEHR o chaptel tgpnsistor and, s, by
applyigGl@ndatinér@ N ot s@Ess &lamiem&heZﬁéaneﬂ &gmamma)bmv &c@dwbstof &énient 260 may
be su%%a%tiall?%&%ﬁgcteq %?r Ehg ?n%?aHY crgagesc’i%%?sg c\% tl%d g’em 55 a| n e &)%dl%?l‘?%s the layer 215
may pesforged it inhesent Pfénpsqa%‘@tsff%ﬁ: dor pgtpnce\HER By éist trapgiggor felepgnt 250 represents a

P-chafi] tr&fi6t01) endt tﬁ@wﬁipﬁ:&s% s@AseﬂBml@ £5Que8@0mmt£eamn is6 € to avoid or at
least 1 Huce Eh%n}feaﬁ ol‘ %ﬁﬁco'mgress stre{ss 0 c‘ﬁamgl Ireélong{){g (%/flthlc()ag??sclo%{ tléansistor element 260,

aeser’sH Fgur &
which jmay, reprepptit aredeshabngl rtamcst Jhuse pefeepange of5e P2BAngkdsnsistor 250 may be

enha&@JTHJtSsk Sticiéhty aﬁeﬁtg ?;r%e%ﬁ)géf‘ ﬁgm df %tsg%sﬁedgﬁgoﬂg kddle ﬁspg@t;vg channel region
204, ?%egeé é%%%ﬁt éxﬁ CQUpRg \grftrFSﬁ Plrétihe ]gﬁga@éql tr ouo{§ may ?%a@*usted in accordance

with 298breqirements. ds potidlan ¢heatrahrebtatipn nagytercoiblal byayprépsiately controlling the
treatth 3 1B D Levk ARG 1eS BAF §nntely durf@EpeGallir i GRMs¥tors25and 260.

spacers 207 of the first "and seconJ)tranS|stor

el ements 250, 260 will be referred to as "inner"

S pacdiier Blhenwrtesibodithdnts Otigieadient 20U tney Conpigai re@bven® ite posion 215a by
any aﬁgr?llng@ Qch pBF]e(gy % qeﬂergﬁtert {1]113 gc aer gﬂfjaarﬁg rE}Jgacé(f ﬁlrther contact liner layer

. eover, ITst and s tra IStOF e
having gslesirods pyteppal stress i vignifisanily dippps dhe ne@‘@%twe obthe geé@é rtralese@@r element 260.
Herelhy, @iNfirther @k ligdraskr A4lealsd(d dopbsited 3Bdve theirsi| t@hsisdn ele@ytt 250, thereby

203, Ext / dr.ai
poss1§1¥ atlteglhaémggtﬁ et?e@t df %—% i a?lg %gpoap g V\%n(tjactelglerslgfl)yg:;‘S 4 lgtwlﬁl(%lleg%{ma\jever, be taken

into eppgidefatien W@glaén%mg @eerhgra@dwfdl)@emhesem geggeof ﬂ@gli’ié%ls dgppsjted contact liner
layeraf$ formed within the deep drain/source regions 211. A
correspondi ng netal suicide region 214 may be forned
on an upper portion of the gate el ectrode 202. The
f i Ast resuticths preemdnvertmn siosilean @hpevedtechniagOfor (R@gerriwgystress from a contact

liner glklé‘r ftoeclrle éh!n@lm r@ﬁ&%f @Erﬁfs‘t()r élaneug %/hérylﬁ) &y Qémoqg REAH Shteh! ég&i:r glgﬁent used for
formng the corre%ﬁon |n ext ensi on_regi ons 206,

creatigg, %P@?"B‘?a‘a‘i Ipferpledyp E’O@i TS HBFOPREY %ﬂ%‘ﬁ’éﬁm Hayi Taypigto Zcfhannel region is
accorsyisiieth altoredver; the Fesdoedh grecesd e bb parfotmet] peisrIe e rmaBuOofnmal silicide regions
and tﬁu@ B E'ugﬁ‘ @egl;ee Qﬂo%sﬁ@ﬁw& cBr{erRl&'laﬂgrggess M?&F}% ouaﬁedsxﬁﬁlg Qtdche same time

represent channel” transi stor.
2 pre1°ﬁalwtgwace8é ﬁ%@&’i’eﬁéﬁ?@O th@ stat depasition ey aaeRREPUELY Bnispdsio gleg remove the
outer 2pdder. Aot )the leMo@lptbdessQu i foutad §pﬁfeﬂﬁiyl Al eyposdanf ih@€asddportion of the
gate %?%%Pod& ntltéeéegn o(%dsf{oﬁarlly %fhu?t(c%%:‘%hseelrj L& aai ?ﬂgc?]delf an%ét}‘og B%ga‘ie e Cfc?cﬁg,twqﬁch may lead
to an jriciggsed qybrueléyite Fhefe%f dbavemestal dfthq epter spaperrin goniyinptipnfwiih the gheighpilicide pre-
cleanlpfiBes{ ik pefornA ¢h BELMANGd b 130 FEST . Uhd BEIRAEBEmADE crdS&ntamination may be
tgally the first transistor elenent 250 may be
preve§Ver ed by a resist mask 216. A typical process flow
for form ng the sem conductor device 200, as shown in

F' gfﬂ:rpgmgular ARdodinRHR ﬁfs&&ecﬁ%pv%ta@qﬁds@tltllvé/ orﬁ)h §s tﬁ@xﬂ%ntlon may be modified and
es as are FJEVI ousl Yy descr ref eren

practipeg i KRB GRHIHER GRSy PR thoea@ﬁlgi‘ P Hra A1t gVt S benefit o the
teachings Ineeetini. ORorOfkarhii® tiexpremRss wps B@g‘or(hnabo@Oﬁa)abujpdﬂhﬁled in a different order.
Furthgi'glgxr Cx%/ lgxg@ 1(915 al%%t%lsfd t%]tl]fe de@aﬂg of J&né’a{}éﬁop BleXéSIQH ﬁéré’in shown, other than as

or ne l'ant at1 on sequences cr eat

desc"gﬁ’p‘f‘&ﬁrciaa’%sé’ B 0476 i e R RO el pEglitioreg dbove may be

channel regions 204, appropriate nmaski ng steps may be

performed to allow a different type of dopant to be

introduced into the first and second transistor

el ements 250, 260. During tihe formati on of the device

200, outer spacer elenents nay be provided prior to

the corresponding inplantation for the formation of

t he source/drain




regi ons, which nmay be renoved afterwards and prior to
the formati on of the netal suicide regions 214, 213,
W@g00641§8€Vvi ousl y descri bed wt h ref erence to FC”Q’USB)Q6/014627

Id and_| Furt hermpre, the cq | i ner

altereflyy it el P AERAIP e ST aﬁvn Al p?°8vper tsalt of the inventon.

Accodiplysthd frgevtibresotphi I it © sktdort imthsgeos edosd i nt er nal
stress, which nay be appropriately selected for
performance increase of the first transistor el enent
250. For exanple, the internal stress of the contact
liner layer 215 may be a tensile stress of appropriate
magni tude to provide tensile strain in the channe
region 204 of the first transistor element 250, when
this transistor el enent represents an N-channe
transistor, since tensile strain may increase el ectron
nmobility. After the formation of the contact |iner
| ayer 215, the resist mask 216 may be forned based on
any photolithography masks that may al so be used in
the formation of different types of extension regions
206 and source/drain regions 211. Thereafter, the
devi ce 200 may be subjected to a treatnent 217 that is
designed to forma contact liner |ayer portion 215a
above the second transistor elenent 260, which
exhibits an internal stress that differs fromthat of
the contact liner layer 215 fornmed above the first
transi stor elenment 250.1n one illustrative enbodi nent,
the treatnent 217 may conprise an ion inplantation
process with any appropriate ion species, such as
xenon, argon and the |i ke, which may nodify the
internal structure of the contact liner |ayer 215 as
deposited, thereby creating a certain degree of stress
rel axation. For exanple, tensile stress nay have a
negative influence on the hole nmobility in the channe
regi on of a P-channel transistor and, thus, by
applying the treatnent 217 for stress relaxation, the
channel region 204 of the second transistor el enent
260 may be substantially not affected by the initially
created stress of the layer 215. In other enbodinents,
the layer 215 nmay be fornmed with inherent conpressive
stress, for instance when the first transistor el enent
250 represents a P-channel transistor, and the
conpressive stress may then be rel axed by the
treatnment 217 so as to avoid or at |east reduce the
effects of the conpressive stress on the channe
regi on 204 of the second transistor el enent 260, which
may represent an N-channel transistor. Thus,
performance of the P-channel transistor 250 may be
enhanced nost efficiently due to the close proximty
of the stressed layer 215 to the respective channe
regi on 204, whereas the effect of the conpressive
stress on the N-channel transistor 260 may be adjusted
i n accordance with device requirenents. In particular,
the stress relaxation may be controlled by
appropriately controlling the treatnment 217 to achi eve
an enhanced degree of symmetry during operation of the
transi stors 250 and 260. In other illustrative
enbodi nents, the treatnment 217 may conprise the
renmoval of the portion 215a by any appropriate etch
process and, thereafter, the portion 215a nay be
repl aced by a further contact liner |ayer having a
desired internal stress to significantly inprove the
performance of the second transistor el enent 260.
Her eby, the further contacti2liner |ayer may al so be
deposited above the first transistor el enent 250,
t hereby possibly attenuating the effect of the
|n|t|aIIy dep03|ted cont act I|ner Iayer 215 whi ch
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| ayer 215. As a result, the present invention provides
an i nproved technique for transferring stress froma
W@ oobAace7sé i ner | ayer to the channel regi on of PCT/US2006/014627

transi stor el enents wherein, by renmoval of an outer
spacer el enent used for chhéE&% an appropriate

WHARISsTI2{tMippant profile, close proximty of the contact
liner layer to a channel region is acconplished.
Moreover, the rempval process nmay be perforned prior
tolt he PoraheficoPrislemet al suici de regions and thus a
hi @hmide @ treRisof elﬁMiDHD |clah;1risfhya w’u& $lectrOdR\sR Mhir© 102l indhid MG @SI8ast an inner
f l OoWs rm acerelemen %17 agcfjan\lo\@t T S] acer lemerg 1®ane t I me a
pre-cle process Pr P 5 or’to the neta
defrosying 5@# OHWP%QQF\P&WFI&Q%@@I y be used to al so renove
t h@rQig LEonBRBES layer VDI BOWREId trddiStof RiRMAb0. pr 0cess of the
outer spacer may al so expose an increased portion of
the gate el ectrode, thereby additionally enhancing the
metal slhohdwd piHlaia i vdareindformfre saidhtrapsisdr elomend danpripgsi ¢ h
”H%mbﬁgﬁg&éaéﬂ%dbR@&&%%@Qm&%ﬂﬂﬁ@l&ﬁ&%y t her eof . The
re he outer s

o PR 0 S 5P Gl G B P W g tode 102
f r éonhing Ardetdif stdpi lmper {IBHo keparatn gaid frdeagtf ape émarsyacersdfieadehti 107 and said outer

cross- contARLAAL jo9NnfBy be prevented. The particul ar
embodj nents di scl osed above are illustrative only, as

t hEPipg SRpRYFFe FFéV““’o]é 1 ingissis wper é‘i‘ﬁ’d)“}ﬁf SRecey demgnis ps the implantation mask.

di fferent but equival ent manners apparent to those

skil | ed a t [.nQgs .

. e? ei n. T{]:J]nrnétltez))ﬁ( ac-)?r%l{nmhl \élhge}g?) E(%Iglél gali]degohtracst (ﬂsleer legfg 1t1? %&Q{)Qg depositing a

dwlemfyﬂaﬁféalp@mg @epaEiépnipprargetess P pebieam pr%ﬂe@@ﬁ interng} siress irpRpid @ontagiliner layer.

limtations are intended to the details of

ggg itr Ir gg‘fl met o? ﬂf anlrfl b q{l]rtheggorengr%msg I}?rmmg a t%!%lClge F%?neon esalg 6ate ?lectrode 102
and syi¢h grpinfs¢yece pmron il Elutrigr to éariyinel saidsqentget dhes belyesd &4 Whtseiy enichauger spacer element
109 ifX8Ab @R 0TmR diid diRehea3fbnal | such variations are

considered within the scope and spirit of the

i nvention. Accordingly, the protection sought herein

i s5.as s@&he thaiot! lof ¢laimtdhwheardimfornsngieldoweipAdeMBe WA IcGnprises depositing
said eghAJoB/E?:r 110 déomﬂgqggacer%%m'la%kxn Qnso&&ﬁﬁﬂﬁ&chﬁg tseﬁ@ﬁ:%ée? I’thEnal layer to

el emen isin el ectrode structure
form Said quicy SRAgE™ éfmﬁngff’&andaﬁgvﬁ ﬁ@? et@*p%@é?yefe 18 peing Salf@?te'awe'aﬂemem 109 as
anetcbfag spacer el ement 109; renoving said outer spacer

el ement 109; and form ng a contact liner |ayer 115

above said transistor elenent 150. 2. The nethod of

cl &i m 1Thegprdvoed phelaim L rfiuigr wapdsingfamiie st effseleprspiiment 105 adjacent said
sidewBIBIEPEaidLaE cleftR8MOD Bricd t)fBinfne&hie Gibdr aftouikDspacabden@n® 107, 109.

sem conductor region; formng said at | east one inner

spacer 107 el enent adjacent the sidewalls of said gate

el &ct r oBle maiRd of gleimi G durther compipingtiopingayliner W0B(pripoto forming said inner
spaceﬁ&&x%ﬁﬁb? sadlifdr 88 bklﬁgae%hﬁ%im:@ td 2016 bn SBARE fa &ldﬁﬁ@ﬁﬂe fd@dtion of said inner

and sal g out er spacer enment 109; and yorn1ng

spacetlemepyl0%r ce regi ons 111 using said i nner and outer

spacer elenents as the inplantation nmask. 3. The

neghod ggwg$@b&h%mm¥hereln forn1ng said contact I|iner

Iay 115 conpri ses de903|t|n%
orming a first transistor element 250 having a Tirst gate electrode 202 structure including at least an

inner 207 and an outer spacer element 209;
forming a second transistor element having a second gate electrode 202 structure including at least an

inner 207 and an outer spacer element 209;
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dielectric material, using deposition paraneters to

achieve a predefined internal stress in said contact
woewenidayer. 4. The method of claim 2, furthePCTnmzmmm1«n7

conprising formng a suicide region on said

el EBVBYRIdysT R "é%%‘s HO2f tjdcft F@ée@%saﬁﬁleif% © §{iPfiRyes; and

t 0 fdr@ingia Mgt Santack lnerity@C215| Havify a fidtyigternd khess whoes idnfirgaiatbistor element

outer s hS.r r

cai d surey o sFeoREihad Ak e TR Kbkt kR, B cid secon

f or mi ng auisyr dereB2%Spacer el ement 109 conpri ses

depositing said etch stop |layer 110, depositing a

Spgcer q’ﬁ% Iggtflo%lof (}laal;{ % rw eraé&lfsaslg hrsp £l| & aonld){nteerrtla?meggs a?eadﬂgerent

spacer nateri al Fmsal o outer sp

el ement 109 and etchlng said etch stop Iayer 110 usi ng

s auai outres m&@(ﬂ(b@ Elaig] & WB&tin i&&mgsalaﬂrstein@ Ebc&ﬂsckntacﬁ lined Rers comprises
er cC

deposﬂfnig a c?ntacI lglgrel?ye;e?raw%saié ﬁtﬁS glteglglosggsré ﬁk{soven %ld rst an sg:oﬁﬂganm%tor elements and
Selece‘alyctelgaregesaélcemcr lingelagep forped @pvet soid fsgspm trﬂgs1%ca|et¢mprn teebtain said second
interA@eQUt €r spacer elenents 107, 109. 7. The net hod of

claim®6, further conprising formng a |liner 108 prior

to form ng said i nner spacer elenent 107, said |liner

1081.bei Ate wehddi ofj clriexd, twhereig forapg said Bbtcind so@ cbmaeeliner layers comprises

depogtﬂlrg 'ar&gnt{xch ﬁnet Q&%&Jﬂ%&m@ fﬁrs§ ﬁi'teqlai BE aborP @eﬁcﬁﬁrsteing E@%Sﬁd tl;gszstor elements,
A met hod ;arlsm ormn a first transistor

selec%\feg(ﬁ:gmvm@ gcpoﬁlg)in/ ae coniag Ihg%r lagartagov&sgé fecepygdransistor element and depositing a

furthg tenteet linsrdayiernt@binglialdgecaid ihterasd birearrbbyenad fiR(hAd soehd &bnsBidt dd¢ments.
spacer elenent 209; form ng a second transi stor
el enent having a second gate el ectrode 202 structure
including at |east an inner 207 and an outer spacer
el ement 209; renoving sai d outer spacer elenments 209 of
said first and second gate el ectrode structures; and
formng a first contact liner |ayer 215 having a first
internal stress above said first transistor el enment
250 and a second contact |iner |ayer 215A having a
second internal stress above said second transistor
el ement 260. 9. The nethod of claim8, wherein said
first and second internal stresses are different. 10.
The method of claim@8, wherein formng said first and
second contact liner layers conprises depositing a
contact liner |layer having said first internal stress
above said first and second transistor elenments and
selectively relaxing said contact liner |layer forned
above said second transistor elenent to obtain said
second internal stress. 11. The nethod of claim8,
wherein formng said first and second contact |iner
| ayers conprises depositing a contact liner |ayer
having said first internal stress above said first and
second transistor elenents, selectively renoving a
portion of the contact |iner |ayer above said second
transi stor el ement and depositing a further contact
liner layer having said second internal stress above
said first and second transistor el enents.
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