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BLOCKI NG PRE- AMORPHI ZATI ON OF A GATE ELECTRODE OF A
TRANSI STOR BACKGROUND OF THE | NVENTI ON FI ELD OF THE
wo bdBMITI7€N General |y, the present disclosure reCHUSR0$/008152
the formation of integrated circuits, and, nore
PBLOCKING PRE AMORPHPZATION'OF A GATEBLECTRODE OF A
DESCRI PTI ON OF THE RELATED ART The fabrication of
integrated circuits reJRANSISFORf or mati on of a |arge
nunber of circuit elenents on a given chip area
according to a specified circuit layout. Cenerally, a
plurality of BACICEROENNOFCCHEINVENTIONENt |y
racti ced, wherern, tor conplex circuartry, such as
FIE 1 orage chips and the |ike, CMOS

{ e
SRS the i L Rl JA S o IR RBRIp PO MFl girays. and.
more @hrtiRAREIF] ionfe SqraRGoARHL @angioteer consunpti on and/ or
cost efficiency. During the fabrication of conplex
integrated circuits using CMOS technol ogy, mllions of
DEsﬁkﬂ}ﬁéﬁ%ﬁTﬁE§Er M m transi stors and P-channel
substrate including a
C I’Ii}ﬁtt fabticnsemincnated icrtuitsasegnire At B rinadds bﬁhdm;ge number of

cuculpe A %gqt)rll \éergé\?f‘];ll é}ﬁgfapq%;acggqqggigf zg ggécgéﬁga}?cléx;tslg;ou?r Generally, a

plurafty 66 JoReks t%mg,%ogrl@sn%e enazepraarag&dwh&eﬁ{‘ fgmsﬁlwesz circuitry,

hly d aln an rce regions wt
such ammsmweﬂopedomgamh@s andghe hikdj EME3® techaologe s ¢ureently one of

drain region and.the sourgce region The. conduct i vi tf
the nigel pRunGHEnTAOREE GHE 1 BE ORI IPAE PR view of operating
speedCaHAAR JoleY cOhsubiprion Qndide '&:bé’c%fﬁél@lw | Durisy e FhsrRlali6dl oP¥omplex

a gate el ectrode fornmed close to the channel region
integrated sipaitatuisngt KMOBr tephbglogy:t millidnss of atramgtqrayeﬁ, N-channel

transgt]g? and qﬂjgﬁ Il lt ¥ o sthhe ageﬂ 281?1(15 l L élg ag%\?strg e, 1n8 u%bqg élncrystallme

2 2conducti Ve 8

semicORMIAPT lagére & MOBatanyBidraigRspaetivOef dhttet e BL-EleAel transistor or
depends on the dopant concentration, the nobility of
aP- cl%%eh*aﬁrtsrsmrys ew&pfgféede &PMPEPSs sqrfdlled BN jyngfians that are formed by an

o5 S50 B RSB SO, S A cpmet o

disposgtcbatiwedmthe defiin negiomimd the |seumh segiomf erred to as
channel |ength. Hence, in conbination with the
capability of rapidly creating a conductive channe

befraVedtagctigH bﬁtmmhméerregaem EPkhd Qe QrRht u’p%blmy of the

control voltage to the gate el ectrode, the overal
condusting ¢haringl, tlg/cqutmtllhé by hcgatretlesteaiednmaesel bsertoithe tl;armel region and

separgtea %eref}om by % thin insulating layer. The conductivity of the channel region,
upon formation of a conductive channel due to the application of an appropriate control
voltage to the gate electrode, depends on the dopant concentration, the mobility of the
majority charge carriers and, for a given extension of the channel region in the transistor
width direction, on the distance between the source and drain regions, whiéh is also referred
to as channel length. Hence, in combination with the capability of rapidly creating a
conductive channel below the insulating layer upon application of the control voltage to the
gate electrode, the overall conductivity of the channel region substantially determines the
performance of the MOS transistors. Thus, the reduction of the channel length, and

associated therewith the reduction of the channel resistivity, renders the channel length a
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performance of the MOS transistors. Thus, the
reduction of the channel |ength, and associ at ed
wo b@oovd7sh t he reducti on of the channel resistP@T/U$2008/008152

renders the channel |ength adom nant design criterion
domlﬁa‘i’ﬁ Qe nahebiSon T6r §ébdn‘i‘;ﬂ{sﬁﬁ‘1§$aﬂ nn&éh%eqeeehetdﬂwmﬁ@e&%ed of the

of theintegrated circuits he conti nui ng shrinkage
integrafedtdirguits-ansi st or di mensi ons, however, involves a

plurality of issues associated therewith that have to

be addressed so as to not unduly offset the advantages

olthaicofEny % §Iﬁ1‘ﬁﬂ&|§: Yof dRCE AR BB GRARGREVdr SinYbNe®h plurality

MOS transi stors e major problemin this respect is
of issupe agropiateshsrrwilt ﬂmﬂwﬁe del hshaddsessedhog raarmynqmded)c ffset the

advm%%%agto ?au?és g {et%hh%I eéregmg rd%g él?a%glgf Eelé ﬁg’f@%%@%&&o%s One

majorepreblehD e té réspectt ik ahe ldS%lbﬁmerfthf ehhBRAWddhoté1Rhography and etch
gener ation. Nbreover ghl'y sophi sti cat ed dopant

strateghe@fq 1edigbly; qﬂdtrﬁlémd\éﬂflbmcapatﬁ Fireit ¢lements oheritical dimensions, such as
e ei Sh8hodd bEI Wng 58, 6056, (L BB A bforeorer. ighy

sophlamatmlaiopmspmfﬂesl hythbWeamffbﬂmaItioﬁms\MdlhasamdBS iatedl direction, are
controllablllty In additiaon, the vertjca

e
requlqe é%{h cghaprandiseursg TEgIRBS ingrderforrovide ot shaepandyeoniagt gesistivity
in comBiidtiah WAt 4 ﬁ¥§fedaéh%ﬁnéleo%§§ﬁ£ﬂlﬁ lya 15 dddiefRl a&éeéérgaal location of
criterion in view of |eak age cur ent contro
the PNejdoctiony whie resipectrtel the egatgt inswtatyoru bayert hlgo atdap:resmtasqm ICI‘lECal design

reducin th of the draip and spurce ons
critergRy 1 V&Y 06 feakGET RLFER: ERte. Moiteds By ienegauignel length may
usuallyn8sd Alguite rbditig ARUpALCRMUMh n8Tolite rEHIBHERNh respect to the
requiring sophisticated inplantation techniques.
interfagec faraed ot dleogﬁermaplptn@a&ayes an¢phe ghangel yegjpowwhereby requiring

sophlgtf %nl oﬁgr?t \/\{101{ E% %% f %rcrggr clzrl%gg{o grhcf:)lf gépgtaac%l%%t CII:]Peltélgaﬁly grown

regloﬁwh&k%nﬁe@ mdthSa specifitdvifd@ tonkié gacedeayadl Ghich irg referred to as
the raised drain and source_ regions, while at the sane

raised figin ARd SOUFPRHFFEIORS SARFIVGHF MIarqasekeonsictiyibhot Bigpraised dsain and
SOUIC% @%Tgl?st %Vﬂlﬁséic}gé IS&HC tﬂ%e ﬁl‘&}l‘ﬁ]ﬂ edr Sl’ﬁBB{Voﬁq uﬁ 10&1{\F1th respect to

tron of eper source regi ons
the gateirisalatien $aylet.ci dat i on and hence t he fornation of a | ow
resi stance contact while providing shall ow
source/ drai n extensi ons between the deeper
S U fedr A5 HrBachC Bl RSfRAELbR Q)f g(?eteFer SR braf ‘?égll)ﬁss v@ﬁ& allow
~usually obtained by ion inplantation techniques.
rehabilmpllllandtaaom @nd jheneg ﬂlqurmlatlom of helofvatpsistaace cantaét wbde rpnoviding
in ed circuit lon i ant at i i on i_nvol ve
shaly ST e uhubdliedR Rlrelalsi B and y eaee
then1|nto the substrate so that they cone to rest just

bel ow t he sem conductor surface. Currently, ion
i FRAPAAt ArpBlesi areydsuallyo abringds Qyr den ameplyiation rtegjingguses.  Ion

impla?lﬂaglloh QW S¢hA1Sh e FARELHGNSE Rl%hmelﬂte'grh(?e& @@&Hgl 18 qmplantation

involves generating the required beam of ions and implanting them into the substrate so that
they come to rest just below the semiconductor surface. Currently, ion implantation is used
to form source and drain regions, shallow extension junctions between the channel and the
source/drain contacts, and electrically active polysilicon gate electrodes. lon implantation
is usually followed by an annealing step to heal the damage that occurs when ions occupy

the interstitial spaces in the semiconductor crystal lattice during implanting.
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source/drain contacts, and electrically active
polysilicon gate electrodes. lon inplantation is
waswalbirst ol | oned by an anneal i ng step to heal P€T1ES2008/008152

damage that occurs when ions occupy the interstitia

spaces in the sem conductor crystal lattice during

i npl anting. As transi stor devices are scal ed down bel ow

100 trapsistorgdd wiced oppe dealed dawahbdloww Oummt highdy doped ultra-shallow
. necessary for high.current .drive pabiljity wt
iunct§FE G5 Ritess B JPt b AHEF ARy RRA ith; dcfitpfle, spgre-channel
perfofi@iced ik tWefidvedP Bfaf B @ical YardnRAeCiorGrel@ng @B $ésiimRe of the

of the source/drain extension junction is the dopant
sourcgldrdin gxEmsionqvastiomaiste dopant idiusien isipm chemBian demaximum

. Hance, .t he vel opnment _of. an_advanced prqoces .
dopirlgdRigT: Helge B S oPR b e A ARG B 5 logy for pehieving a
box-shapdieprafileipbéib &5be MRYfficiens Wal 8 BustAneswéryitdtiodtesistance.

resi stance. Wth the conventional junction fornmation

by ion inplantation and rapid thermal anneal, it is
ak ¥ dhi . ' i ahl . " :
}/un;éqlﬁg% Cgﬁgﬁﬁ"é@ Jg‘g%lg%ﬂs] (g&%%glolxn e?(gﬁf#é)l%ﬁ%géﬁ]v\géh Hépid thermal

annedl ip isavdradifficult nel ubath highht stelgl Watshalhelv garabh padfilssbecause the
) during anneal j ng can consi derably broaden the profile .
interagHgp, getveeg Impiag ejm%@eéwaaé dsrectsndetoprny Joms guging annealing
can doll§iHEEbI %}%g@éd 113 o?i'ibb Rh e e RBARL theidgEPb e ,F:Bﬁle). Laser

has recglve consi derabl e attention as a potentia
thermmb| artnealing oviglc hpreaamdrphvzatesi simphane, (RAD r bass redediad  considerable

box- shaped sogrc /drain eﬁtens%9n5¥unctionﬁkhgkgce he haped
AUENRSh 13 nt RPEETENZ SO 19 AT t 108 TS ISHaNEE VTS PYn OX-shape
sourck/d®ain ekRfsi6afiiclingt h of the transistors, necessitates

the adaptati on and possi bly the new devel opnent of

hi ghl y conpl ex process techni ques concerning the

a - ified proc 4t _has been propose

£ S EnloB  RE PEREARE PP BT el B SE P QB tengtn of
the tfah@B®isS in@EeseitAEE fHeS aduptdtivar &ab pogiblnehe mawgeevedspniedit of highly

mobility in the channel region for a _given channel
compled, gEqeesst ishrigyesoFerseriag tthe aBeywiftentficd procgshiseps.niy has been
Prop S B R oL, YR Ay bl 6y ncreasing
the chtrgeeastierpo®boniingtheachanoél tegeombmve giveacebannel length, thereby
.ad?qu)t ations .associ ated wi.ith device scali Rg .One :
offerigg e pFRt %mﬁfegmgf BPCIEIABES ITRFOY BRI J cormpirale with the
advarBebibl 4 FtuleStebifoloBH hbIE Wi MvBldiAd @r lafiddsE Bosthoifg Widhy of the
in the channel region, for instance, by creating
above prevesseadaptationprassosiared stithedeyi¢ensaatiogyi @haefficiont méhanism for

oI PRk OGN BeCMERAROL R MG sl in

chanii®) Rédion, Yol Rista@be Gy @BRinENEndiR| @ conipréRBetsiésy i thEQicinity of the
exanpl e, creating tensile strain in the channel region
channeh gpgien s producerd SPITFIRpndmeaitait Hoths chapnral éegion, which results in a
. i i .dihr eeti t . . .
o EOSABIRD SN TRATh R0t A 2P Sl e e s
in theeshannel region increases the mobility of electrons, wherein, depending on the

magnitude and direction of the tensile strain, an increase in mobility of 50% or more may
be obtained, which, in turn, may directly translate into a corresponding increase in the
conductivity. On the other hand, compressive strain in the channel region may increase the
mobility of holes, thereby providing the potential for enhancing the performance of P-type

transistors. The introduction of stress or strain engineering into integrated circuit
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be obtained, which, in turn, may directly translate
into a corresponding increase in the conductivity. On
w0 b@oooiter hand, conpressive strain in the chaP@EUS2008/008152
region may increase the nmobility of holes, thereby
fabridakioN 1i§llaRExtilemeROpRMiLiAL_dpProadR T8N Girflidr (dR0icR YehOallBRC Since, for
of P-type transistors. The introduction of stress or
exampte; afrainedgilicer mayybé iwonsidercd gs at ‘Gwi typeiof fsaimidondodtonmaterial,

.S an tre . prom si a ach. for furfher deyice ..
whi) Ty gt (8 b ioH 3ot cheREL e ke deb s SithpiGrequiring
experb®veC 9&thicBRdRSora haferialk While/ Rgan§f ofS @8 GRNK4EAEhed manufacturing

material, which may enable the fabrication of fast
technggyge nfay|stideiusehduct or devi ces wi t hout requiring
expensi ve sem conductor materials, while many of the
wel | - establ i shed manufacturing techniques may still be
USEshse @B §0id @At byen plopbasl toaaRodicePfrs afkthrte] B11REHGEB manium
for instance, a silicon/germanium]ayer or a _
layer 1 jac sihicer{easban | layerr 10 probelpw| e chasinghapgien toegiesie tamsile or
e 1 l.e keSS t .
compfS RS This Rl QTP IF R LT RERERE R TRER b wansistor
perfopaaic@rmmnbe comsydddsbl¢ @nbarded dYltie antvdacwsh bfystidds creating layers in
jntroduction of stress-creating layers in or below the
or bek%ﬂlﬁéa%m@@ regron, siggfiqant effertshgvis i &e pads to gnplementibe fgrmation
p _ .
o o oS o e Jon e o SRR Wl k28, MK lhnique.
For ilstance natditnam] emddiidl igoowth teghnigues dbveyroot devielped iagd @aplemented

} have to devel.oped and inplenented into the process
into. the RiopeSs HRRY P APHEE iR SRRPATIEMO O CAFRBTFoBBIRIRE ik lavers at
appropriafs focdaBYR $n & BHIOK Ofhe! &laBinbI0fplidr?NSHEReO rR@bO Wolplexity is
channel region. Hence, process conplexity is
signifi¢agliyf incegasady therebye alsedincrehsing lpyodiiction i qostseansl thg potential for a
redu {oducﬁkpnﬁcoslgland the potential for a reduction in
‘%PB&%B{|8E ?T%? . Thus, in other approaches, externa
stress created by, for instance, overlaying |ayers,
spacer elenents and the like is used in an attenpt to
c r BtseinptirAppEaches; axtgmad strgsh crepted dyafaidnstancgi oyerlaying layers,
| | , P ey .
spaccl SCHAE o (R IR S i AnRRIATHO crodh aPARHET Bein within the
chanee] sggion.f Adtioegtt beinglh pEdémBasy appyoathpteprodess bfcreating the strain in

ef ficiency of the stress transfer nechanismfor the .
the channg} frglonshy alyipe MP&%@‘FF‘PBFWE Stresicmay S?P@Srﬁ"a‘i“f efficiency of
the stredChansfGPRACE I Jof B Ekfhal Rirbsst ROvidR8N A& ins@HEQby contact

to create the desired strain thereinh. Hence, althoug
layergir spacets ragd ghgrikei inton theadveamelhgpesomotee creptecthe desired strain therein.

aboye-di.scussed appr.oach requiring addjtignal stres
Hencf. gPQUEly PHYACR o EnARl “PagiasR, b e (ROTERgIBEd approach
requifilg adl1tRNEl Sk@8IhRirs ERNARKS Fhirkl densmdthereffibRncy of the stress
ggocess and device specifics and may result in a
trans

dugshanipar may dapend emihe process rradidgyiceoipeeifigh gnd tnagy, result in a

reduced performance gain for one type of transistor.

In another approach, the hole mobility of PMOS transistors is enhanced by forming
a strained silicon/germanium layer in the drain and source regions of the transistors,
wherein the compressively strained drain and source regions create uniaxial strain in the
adjacent silicon channel region. To this end, the drain and source regions of the PMOS

transistors are selectively recessed, while the NMOS transistors are masked, and
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I n anot her approach, the hole nmobility of PMOS
transistors i s enhanced by formng a strained
wa@dwoastsger mani um | ayer in the drain and sourP€&I/US2008/008152
regions of the transistors, wherein the conpressively
i . L 0. OF . :
subse IR SRR AR o 1 SO Kl TAEPMEDS fangisor by
epitaxaalcgrowthe bir @bimikan odvayo thecaleatapi mnbiliof of NM@8E@nsistors is enhanced

oy ot AR B S b oY BSaR E soe ekhe oMERrasitor,

whereih kRCRASGECE PRI ANRT sdiited Bleéis! ¥y afid B4l tbfkifeN®rain in the
~ PMOS transistor by epitaxial growh. In a simlar way,

adjacett ssilelopathanrel meiioni t Althdughvibs teramigues offers significdnaadeantages in

. by formng a strajni I.licon/carhon layer in .
view 8 perfiriisee Bt A MRS s SRits 55 IR F et ohiys, device, an
approbhaetd;egiirgh Infaysidvaitd Be udeditat BManGS W EiffeRGcO NS p&fGRiMcd gain of

uni axi al” tensile strain in the adjacent silicon

the PM@:ntnarisistergindrthe NM@S tghsisters t echni que of fers
si-gni f . Lages 1N Vi el rformanc ai.n _of .
TR N PR i P S ARG Yoy avoie
or at léast ir€duce ahe affpcto pf bidd 6r et @Mhépivbleancidemifieal dboeel t hat
bal ances the difference in performance gain of the
PMOS transi stor and the NMOS transi stor. The present
MRA SR r’ﬁIE' RS to various structures and
U et nﬁﬁl Tat SI# yL ‘1‘(1”6;%,1’ or at |east reduce, the
eflihedoBowinggresents arsineplibiedtshmnparg bf drssinvelgtitni ihiceder to provide a

. abqve. U RY OF THE | ENTI ON. The _f.ol | ow ng. present .
basic gn@?fﬁmfw% sgmwépectﬁp%_emmvm DY pHmgieagis 5§ an exhaustive
overviiW¥F (e thRasbt UNsiehst Andided thidéﬁTﬁ k2§ RECRicaf elefiRnts of the

i nvention. This sunmary i s not an exhausStive overvi ew

invengipn tohdo idaliegaté dre. sdopeiof thetinventiemddd sote pakpnsd fsytokprgsent some
or .critical enents o e jnvention,or,to.delineate,.
CO“CCPF?e‘“sac%‘BBﬁg?‘?%‘HS‘ YR ‘f“t&ﬁ." 4“’( E‘%‘“’oﬁiega‘b“tﬁfr"be&gfép f @‘8‘ is discussed

later. present sonme concepts in a sinplified formas a
prelude to the nore detail ed description that is
di scussed later. Cenerally, the subject natter
discl d j.n. | j k. to.a.t ' -
PRI, I il diFALRE MR i SRR lfigue that enabes
the formatidmof arteansistothidading dier memdaaure sfeghiohoarce/dadinlregishs are at
in part pre-anp g&l zed, whereas a gate electrqde is
least pqartjire-agoEpty kTS Aereas@ 5o Tleqirode iy RO S ABWTRIVERS: | ses
providing a substrate, the substrate having a gate
el ectrode of a transistor with a pre-anorphization
i fpieaiitistidtive kinethodreompiisds ppeadinghesubstrate.che stbrsteite. haviveg a gate

substrate further conprises source/drajn regions of
ctecspe 5} p et Al PO RIGR TG [PRLTh PISSkiRG BHERAL P the e
electrbd®| ahE shbQedid Rt Rmptlses (O\GcHURN Faliéhs §f SebkfRIsH that are
to a pre-anorphization inplant process to thereby

free qirthe Prpyamarphézagion| igplant gdeqking matesial. The substrateT is subjected to a

pre-amorphization implant process to thereby pre-amorphize at least part of the

source/drain regions while blocking the gate electrode from the pre-amorphization implant

Process.

Another illustrative method comprises selectively pre-amorphizing source/drain
regions of a transistor while preventing pre-amorphization of a gate electrode of the

transistor.
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source/drain regions while blocking the gate el ectrode
fromthe pre-anorphization inplant process. Another
w0 k009m03781 | ve net hod conprises sel ectively PCT/US2008/008152

pr e-anor phi zi ng source/drain regions of a transistor

whi | e preventing pre-anorphization of a gate el ectrode

of the transistor.According to still another

enh@d'rdinmq sall gem‘hconmbodimendewSmcgmﬂmtdrsbgicatcohqm'ses at least

transi stor sourcel/.drain re ns ha

one 138Ss(of DL Bbdr RN ARG & rlr-EPOREAGPAAL Aieate clectrode
of thd £3&dst ONErATsRRS i§ FreE of Pr E efaﬁﬁ&&fze@ E@rtﬁﬂi@.r phi zed

portions. BRI EF DESCRI PTI ON DRAW NGS The

di scl osure may be understood by reference to the

i faly conjunction with the

E@ﬁ@ﬁg@ﬁ@% anﬁm i ke reference

nunerals identify |like elenments, and in which: Figures

| Arhel dibcdesnedmialy dainylerstood by refeserre s therfallowingdeseriptidn taken in

sem conduct or devi ce including tranS|stor source/drain
conjupgleny Hdthy theracepmpamting deaveagecini Weich likeetefsrenqshmureerals identify
like e}f@ﬁén@s And @t @hﬁhect rode of the transistor is protected

om pr e- anor phi zation, and the formation of various
sthigesol A;1H nclmmicaﬂay] slow\ctdss-sédtiontlraewy of @sdmitbndurter device

. i scl osed herein ures, 2 3 schematically show
mclusglpsér@ngétef F%ﬂgﬁ/dwrb 1 ”%f'éﬁ‘i’afnc‘gﬁ‘o"dﬁts FEUELY RsAmRyphized while a

gate {IE@PRIeSSOMNS thaRsiRior ¢ gﬁﬁ&ﬁed’\’ﬂj{)ﬂl prel éiﬁ&"pﬁfz'aﬁ@n and the formation of
enbodi nents di scl osed herein; Figures 4
variogcsieassars.onlakgordineagvity xbblstra;e{ctqndmlllmvmed@cm{sechhereln
sem conductor device illustrating the formation of
intrinsic stresses in source/drain regions by a stress

NEFRire? 3tah@3 ScREMAicHIlg shawa&sﬁr&m1 Wiey dfl sempdonahidt¥devices
enbodi nents di scl osed herein; ggre 5 schematically

having{eaRsistre Mgissorsares with illuspatiyoembodimenisshstlesed hergiay i ce
including two different types of transistors; and
Fi gures 6A-6C schematically show cross-sectional views
ofFiguree M A-dBd yctentatidaNy cshoivs Cérosh-segtibial diefvsesfat semiconductor
.types of transistors,_such as P-channel transistors
devieg llusgading eI loTpatias f FFENSiE GUFEEP ap SOHICFIERIB fggions by a stress

mem&ﬁﬂx@ﬂfte&nﬁ%le% fccd a%%& W@ iMuftEfie rerH{bBHirﬁ&ﬁis @(Q‘%lbfedaherem,
r rom

gate el ect e transistor Is protecte
pre- annrphlzatlon |n accordance with illustrative

enbodi dISC d herein. Whle the subject.
CHIET5 oL RROVEIEAY SHEYS b Biebisp e iona, Eo b & semiconductor device
cludﬁﬁglt\fvb Gﬂ’fér@ﬂit& %f@iah@i%ﬂ&% lay@ forms, specific
odi nents t eof have been shown by way of exanple

in the

Figures 6A-6C schematically show cross-sectional views of a semiconductor device
including two different types of transistors, such as P-channel transistors and N-channel
transistors, source/drain regions thereof that are selectively pre-amorphized while a gate
electrode of the transistor is protected from pre-amorphization in accordance with

illustrative embodiments disclosed herein.

While the subject matter disclosed herein is susceptible to various modifications and
alternative forms, specific embodiments thereof have been shown by way of example in the

drawings and are herein described in detail. It should be understood, however, that the
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drawi ngs and are herein described in detail. It should
be understood, however, that thedescription herein of
W@ p@iobi787 enbodi nents i s not intended to |im tPCTES2008/008152
invention to the particular fornms disclosed, but on
descrfpli‘x%n%é?&ﬁq{fy é)et:llf‘i% érﬂl‘i&ﬂﬁx’eﬁt@ i Snoi QnteRYeelr toailhnt the invention to the
fication equi val ents, and alternatives falling
partlomalr ifonns &Eclspadr ibut endhe c«npmrnf the ientireist toawversall modifications,

ned t he appended cl | LED DESCRI PTI. ON
cauivafenly 5 RNATRANRTIPE UL (e SF LT OBRGE BN ERg o defined

by thé Qﬁ)énay@agin@w are described below. In the interest of

clarity, not all features of an actual inplenentation

are described in this specification. It wll of course

gbﬂf . nt of any such

DET m..wu b Tmt ation-specific
de:cmﬁju@rmumivebﬁnmﬂmeh@ G tHeeit@eritich dRY BERPBES below. In the
specific goals, such as conpliance with systemrel ated

interegh @f pilantyie sot rall éﬁaéaefc Ghstiy gFtHak implementagion| argadgscribesinin this
secich PRI TLRE 0 ARGL0ET B R Rt f g su acua

embodmﬁ:ﬂt,enumeﬂbuﬁIlﬁﬁrlmmmm@eciﬁi&t dovividrd mavEbE hﬂﬁdﬁS&) hé¢hieve the
a routi ne under t aki ng for those qof ordinary skill in
develppgrs aprecHis, BogJs  theh@neampliagee il systepirglatedeandrhgsiness-related
constﬂﬁ §e%1cﬁuxbi1139 Bltrle{)?qé’vidﬂmipleﬂxgmaBSn 45SObiHREd Mbicdver, it will be
erence to t ttac Igures. Various structurés,
appresymdeﬁmt auch delevelpnmne eﬁfoi’tetmghn del ¢q,rnpﬂe:p|and adnenomdmmmg, but

wouf5RVRERs! L PULRESERcoL S0l SRall 97, SELY, A0S0 28 L

benefoF the ldisclogy@an to those skill ed |n the art.
Nevert hel ess, the attached drawings are included to

describe and explain illustrative exanples of the

03 SRR M AT AR RO AR RTR G g

figuré0 NGdriiue Btruvhies, iyb&ntsrwlﬂfd%fvﬁeﬂhﬂégc@émitMH? d\épkdaﬂ inMsk drawings
phrases by t hose skilled in the rel evant art.
for plgﬁgq,qs Sf egdanation; gy amd 80 astoRop POJSHFSbE preseat dls%[osure with details

that zg'gfd/enf khdWhn 1 & Mosk Skl £ rtﬁ"n@tarfc r N@Lé#ﬂﬁdé’s’é dh@?{t%ﬁ\@&?ﬁlrawmgs are

customary neani ng as un erst ood by those sKki
includduetoatescriiesandretxluiie dlusoathee exapipleschfiie presaitslishdsutts aDiee words

and ot red ireid ol B irliatpofl g pErpacies b e 4iBsiing consistent
with the@indeRtZRBRR TAh&NRbrds RAA phlREs W%étsﬁ‘ﬂgd Wﬂl%kﬂelelvggt art. No

arti sans, such a speci al defl nition wll be expressly
specigledefingiarhof a tereos pbiasé.iicata definiriom tlwefw diffarérsrfadm the ordinary

hat. di | || des
and JRRRE MRhing b Gt P B dBS B toile B K SRReq oype implied
by cdnbi8tent et ok tterim @k phitR8 drdner Giothic Sextek AR {ePmeor phrase is

t echni que that enabl es
intended to have a special meaning, i.e., a meaning other than that understood by skilled

artisans, such a special definition will be expressly set forth in the specification in a defini-
tional manner that directly and unequivocally provides the special definition for the term or

phrase.

Generally, the subject matter disclosed herein is related to a technique that enables
the formation of a transistor involving pre-amorphized source/drain regions, whereas a gate

electrode of the transistor is not pre-amorphized, i.e., a crystalline structure of the gate
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the formation of a transistor involving pre-anorphized
source/drain regions, whereas a gate el ectrode of the
WO e@a®)FBDr i s not pre-anorphized, i.e., a cryBCHUS1008008152
structure of the gateel ectrode is preserved during
electrBH@nsaﬁfege?Wdzﬁri r@farﬁd'iﬁhé%rp@l/ e %blﬁ‘rcélﬁﬁiu? Pégxorigo TditSs end, a
pre- annr zat | ['ant bl ocki ng mat'er i al
pre- amemkmiitlobllmplann glq¢htxgrmaﬂet‘1ali terfried ‘bbickmng mgt,ermiﬁynbhae followmg,

t h te el The bl.ock t
may ofpPREd SPNFcEEal GFTIROE hd b QK UIELBR R RL I, O AU Giisd with the
gate aéaﬁﬂe%mﬁb §5rﬁ@§rocé§mg Stepd Aec&ah@rtoldthéﬁnﬁﬁ;dtwe embodiments,

nbodi nent s, thebocklng mat eri al "nay be structured
the bbebmgan@tyalonayrby styacturngl separatelly er mayrhecappltied gftehstructuring the

sate o ThRIH PoXTaNTARE Ty O BLOGP, 1ERlantaBhand may

contrfb@td Rt the ToMhatfonadfl PalloROKox-like d@? Proffle® i Uféswbﬁhlt&rtff the gate
vicinity of the gate el ect r ode he bl ocki ng materi al

electradg: Hlher lpekiag materialymap heoismoxed istaay zmprcmratﬁs plepaif transistor
forszt{z)r naAec%li]dm 38 %{)gﬂquu%tp%ﬁ/?%?%ﬂ%dﬁggétg ath N LIS removg at easg Before the
formz&iﬂn%tdﬁ siliitldd‘lﬁl the Woatdeftirainreg Rk QAg tﬁ@@ateﬂﬂe@ﬂide The blocking
el ectrode. . The bl ocki ng rraterl al, together with
materiglotopgiherith apetherympicial which ik besiempyad, mayberemoved according
st |
o wAEEUTNPHRGHOAHE HE 5" Y HPRA B0y matcia
does doesequat addigionak segsicompared tet Wﬁld;-es:tammm!dnztrmfacturmg processes.
wel | - established rmnu actuyi processes. For
For eARPls, dbk H’fg&we& g}are&a b PRiRE T e tomesc. o, et Tospiation of
mdev&tahesﬁagérﬁ@ﬁja‘%@ntoﬁxeSga%e%urocﬁaoaﬁ§r1§ i 8Glishid)&ndakdRwall spacer
el ectrode.” As is well established, the sidewall spacer
may braysed@s a seaskder gmmingfa(ﬂesgedwémmt poyfide tebeé s@uceldpamtegions.
profile in the source/drain regions. The principles
di scl osed herein are also useful in conbination with
t MEheUsraiepled dRcobEER&@n 4re ANOWIeH if dofRfbGfioh Wil the usage of a
stressed channel region below the gate el ectrode. For
stressex 4pnpreyide néegieeemﬁwst@wéeqham} regigndeley dhe gatg glectrode. For
he PAGE
exam@epetlfr;é;?ﬁ gwfl %g%‘% gqué ec??%%e&a%g ({ e souglé)ell d?ge jidewall
spacef agaprbebyemmtemtfﬁfm%bagz&eIdlétmrodewhldc khel B@ﬁbé/dm&y region by an
ce a stress ipn the channel region. Further,

mtemg%cfj 1€ JingHy w@vﬁg itpell, @y ipgnce @ Sispsedhe fhannehresion. Further, a stress-
mductu{@ﬂl?'k beefogmed ofer i tfaﬁ’l@mo?f ? dh %@f‘dﬁtﬂl & QQ%%C contact
| ayer or t he stop

n formof an etch l'ayer. Acco
layertop ifi thret fogm oﬂ drustch astop/kayanbAdmrémgstp futuberslldﬁmivb embodlments

enpved fore formn
the sEBRA PRTR BT G By od REGER C0THBE i SBFss ipduning Jayer. Another
meth&d bEPRHVIdiAS Sir&s thankfer i thOandRkl Fe@inOchuaed ¥9@8ssdnemorization
stress nenorization techni que. Herel n, a cover | ayer

technjquef dlareid. voeverdaysr solprmed gverithe s@gp@dr@m mlgmnei wherin the cover
layer gsg%fg%fegaq}éfgxl\%tffﬁg{atergi ﬁlaﬂsl A alyle vsfl{hstan éesstcl1 Elopmg during

I ng str eve Opingedur ng

annedlingest thegprefanidiphizeé -samemhm &dgfﬁ)ﬁsl nEHolt @bfisid&@gblendeformation
wi t hout consi derabl e defornation ) ] ) )
such that a respective opposite stress is formed in the source/drain regions itself. This

stress is preserved, i.e., memorized, even after removal of the cover layer.

The present subject matter is applicable to both NMOS and PMOS transistors,

wherein it should be understood that the term NMOS is to be considered as a generic notion
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such that a respective opposite stress is forned in
the source/drain regions itself. This stress is
w@e@smoiret, i.e., nmenorized, even after renovaPCDUS100&008152
cover layer. The present subject matter is applicable
for ahy ty3Rt 6f NMIanaadfiElNCEfdck anmbisioprand SMABRGY fhd terfNPMAS is to be
be understood that the term NMOS is to be considered
consigeyed ay argen¢tic nAaroter any dve efyBehymeNfieldzaifest transistor. According
to soﬁlf fﬁl‘ﬁgaléz}rue %nec'ar{slﬁ’%d?ﬁle%d thc'e (E%Jtst?([)l%r}éf %tgl%tl}rg 1e y%gm}ecgoaes ofe NMOS
transxaoﬁsh apradll 4d &f BIMejs‘ gaiisidtolN SﬂeS[SreiervteCdiﬁ[rfél pre-dnforpRigktion of the
|IIustrat|ve enbodi ments, the crystalline structure of
sourcg/gain stEARY oNREOTHNS (vother mbedimestss thearysialline suespre of the gate
electr%@soft &ﬂg%héto (f“ RGBS qyagylgfopsgls selectlvely preserved during
re-anorphi za |on 0 e source/drain reg
pre- amoqmi;dutmg d¢fothet dmrceﬁh’aﬁdrdgmﬁss whicheas ahy Sitl&irl gae electrode is pre-
structure of the gate el ectrodes of only one of the

mOrpESS. o kAT NI it BYle Flectiades, @ &M%Frgnw@@emwe selectively
| h h

Pfese%ér%%%ﬁ?ﬁz R REPHE Bkl b GheRH! B LHELElGRWiake PMOS

trans1ewamtphyebeaimer;gm6@ el ectrodes of NMOS transistors may

be sel ectively preserved crystalline during
pre anor phi zati on, whereas the gate el ectrodes of the
ﬂisﬁﬁgl?' ShESEmERY dIEc1SNERHNIA §5bld PEFBhaicB Bedefits in terms of
enbodlnen s disclosed herein yiel'd perfornance

speedpem &F aplsrommatt@ly rﬁsS%f fog p@eNMQ)S transigipr. oMoraoeiry the-[8esent subject

matee o (30 W5t P PP RvRacipg O PSSyt T E U eiistons ana

the PPEOS Otk AR BEGs Obhith & MMDniribaks its tthE pedBmidte FMER semiconductor
transi stors which both contribute to the performance

devicgps apdodeeni conduct or device as a whole. According to
one illustrative enbodi nent, the manufacture of a
transi stor may involve sel ective pre-anorphization of
s AAwcoadinlg ab roreedivenativaf einbedinieansthst manufbithi® of a transistor may
a gate electrode of the transistor

mai nt ai.ni n
involyg ysg{ FiVF rdro AP TR oM ql o AOUFE/HTaRE | FBIONR b0 e ctransistor while
mamt%frﬁl?gc'%ogﬁe' é'lgé{f‘dd'ago@ ﬂ?@&faﬁ§%9@rf@alﬁﬁé aify Hﬁggon thh well-

channel “region of a transistor been foun
establithed stressowy intucing atcpans;foadmgrﬂtxmrt inghe hlanmel rege:gm afra tminsmtor, it
be i ncreas

I ORI N A ——

transibto rhiP bg- Dn@fe}zi%dalbkl' ﬁﬁlﬁlﬂﬁx% thél $00 Wectrode of the transistor in its
pr e- anor phi zat i on. ure | A schematically illustrates

(polyacw@é‘mﬂsﬁ&ie,mﬂmutvree@mglrphazag@m conduct or devi ce 100
conprising a substrate 101, in and on which a
transistor elenent is to be forned. The substrate 101

miigure Qnesvhsinaadcitl ya [l pstedes DérossSidatibiAaviewiaih Bgnilcofidiebr device
t hereon a substantlally crystalline sem conductor
100 cpmprisingmasubgizate dfhnineandi (eWhish agiransistesielement oy imbs farmed. The

subsuedkeemelnﬁ)ay }ébresem any appropriate substrate having formed thereon a substantially
crystalline semiconductor layer 103 that enables the formation of the transistor element. In
one illustrative embodiment, the semiconductor layer 103 may represent a silicon-based
semiconductor material, which may be formed on a buried insulating layer (not shown), so
that the substrate 101 may represent an SOI-like substrate. In other embodiments, the semi-
conductor layer 103 may be formed on top of a bulk semiconductor substrate, where the

transistor element may represent bulk transistor devices. It should be understood that
Page 9 of 30
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one illustrative enbodi nent, the sem conductor | ayer
103 may represent a silicon-based sem conduct or
woraioendsIB7 which may be formed on a buried i nSECHUB2998/008152
| ayer (not shown), so that the substrate 101 may
althoﬁ%%rﬂ? 8h¢ trafkisee} B'shk@n%&%ﬁ% Kk @1gdrék PA h&sB eﬁ@@?ﬂlﬂ?ﬂi ﬁlustratlve
sem conductor |ayer formed on top of
embogirnénts enplotality of transistiost may de fwtmub int fred on dles s@nmonductor layer

enent tran evi ce
103. $hE TERGoIRGREPLEE 5 Y Bevd, BuBickbRs, Manis e the specific
desigh SrustOTt thiar QuiEiQeH el‘_dn%xhﬁsesfok AnbtanéB, wRGL Hidde NGardsRtor elements
illustrative enbodi nents, pl ural i ty of transistors

represggy SER-11ke traasisjors. ahdh@widtmen@em@drtb@tdh@ terma§@f-traggstor is to be

consﬁgfgdg tgglg&?cut%flﬁgog‘s %ﬁ/ C|L1‘b%t9§t8 éag%( r%%%llgtlog gcgr?nlo ?Kﬁ%r%gn havmg at least

one 1hﬁlﬂm$ng8p@ltloﬁl eb@nt &hichois ﬂoﬁﬁé@&C&ystﬂnﬁiﬁ defrfiééhductor layer that is
transi stor el enments represent SO -like transistors. 1|t

appropraigi far the fomertian o dernsister elemenisetherel Intangrillusagive pmbodiment,
r r f

the serReSRERRIAE 16 1€ cBe NS ds o\ BTe (R by BT phthfly depleted
transiislms \elexhéntg vildild, iinrothexbonteodident, the thivknesd ¢f the layer 103 may be

rystalline sem co ctor ayer that is approprl ate
apprw&atetfﬁéthfe Pﬁa?ﬁl%ogﬁ% lt‘/rdﬁﬁkfﬁ“'é’{ d5vice feftshdrifare; Aulkidevices may
be foﬁﬁlgj inlth&'Blk@fdve enbodi ment, the sem conductor |ayer

I's deSigned so as to enable the formation of
partl ally depleted transistor elenents, while, in

odi nment.s he. t hi ckness aof the |ayer 1 may .
o T BRLrR Ry {%Jow%meoﬁ%ﬂa@rf@f deiseo 0y 3 Shown in
FigurdeM 68§ &mprise @k Bllowapesrocddbk dﬁws96§rd@@xobewf1&i Rbuding a
in the'layer 103. A typical process flow for form ng

buried fiesudasing dayriumay reetevd de stmicaaduethniayer h03=|fgu fistangde pmghe form
of an° e p|e§§ rtulgg cfo(})) %W srt]zgggé oﬁeﬁgt Ig%er, wzxererm %ﬁ% 1}088 (ellaY/eé may be

formé(hBy MICWUQEMIq{I@y@If ar 3thef WellLdQﬁibﬁ@lﬁ‘dﬂ teBhﬁllj@esf ok Providing
an undoped or pre-doped crystalline silicon |ayer,

SO1 W‘?é‘if%‘% i ether IcREESntheaspaHCaRdyICIor laysF HEd m3y e femmadopy epitaxial
grow#hgfégﬁh gygss oﬂrthg@’asgt E§ o Wk anﬁ?bﬁg{ﬂsm L Sﬁgftqux%%ded in the

rdin trates her case
substmi@b nﬁhmtatf[erl a’ty}elsolhﬁan sayctines f(mtmhdwh)/nmpllieéfmméd on the basis

hni ques the basi s of .a stanti al |
of ngﬁ f%'ta&‘%&’F&e‘eF il %H Bt WP qaﬁaﬂiweaecf @gﬁogpelcmtfh techniques
fouovmﬁw apprépriatd %pbﬁ%@&ﬁ@?ol&h[dg%é}ﬁﬁéue@ NRhes tm%}mm of trench

formed on the basis o |- est abl 1 shed reci pes
lsolatmﬁnmsurphm mntcmpkgtealp hveatndnampmuatvpdmleetrmlayer 106A, may be

form%ie ?392% #ag olne%rﬁk %%os tme ol oﬁvge fa‘%%e ﬁ,ge%oﬁcl)sgtlflgriq rogr?c gate electrode

matemﬂolaay&t OIS, rmuws pol§siGedht Qmo% diiﬂ)edl\géﬂ ysiliadh, whlch may be
propriate dlelectrlcla er 106A, may e fornmed

accorwlﬂsaaflu Bh a’ﬁHfCéFabBéﬁé‘S|1t)Wo@f¢S§)WPoﬁb@m§? tmvoae@mmoan (CVD)
Lode geat I I as
teChng(&]Iey's?ﬁ% glglr%lc%?gl ?81 ope % peglaf/g f‘ec%%lﬁé% BME my be
Over the gate electrode material layer 105A, a pre-amorphization implant blocking
material 132 (Figure 1B) is formed by a pre-amorphization implant blocking material
deposition process 130. The deposition process 130 may be any appropriate method for
depositing the pre-amorphization implant blocking material 132, e.g., chemical vapor

deposition, e.g., plasma assisted chemical vapor deposition, physical vapor deposition, e.g.,
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acconpl i shed by well-established | ow pressure chem ca
vapor deposition (CVD) techniques. The dielectric
wo 20001005786A serves as a gate insul ating | ayer. PQres200$1¢08152
gate el ectrode material |ayer 105A, a
- r . q .I .
S B o A R T Pl B sy material tha
is capiableodibgrkmg e ipad-amepbszation nmplanc ggdied 30 a 1atbremanufacturing stage.

o R TR Rl SRbs SRR LB Sy, snon
oxygéTBhRIdgah (SiON) &?; egﬁ.’, sifiB6iThitAdle. vapor deposition, e.g.,
e

pl asma assi sted chem cal vapor deposition, physica
vapor deposition, e.g.,sputtering, etc. The

SITIA 9 ! .
P A S R R B A A s VR cuing
stage PWRer@ B¢ fHltinafién 6Nthie e -amorpidtioddmiplan@ blodk g material 132 over the
nanufacturlgg stage. For exanple, the o
gate gleetrodedaysi LA as hoeplcamplaed c Thergatier: el pre-anggphigstion implant
3 14 ' i .
ook ol £ AR ERa: W& 8906A S ey 100 may
be patiemied ©nlho biasis f fwsll-éveablBhshrReElquE) ¢fgacyunding ash®8€133 and at
where the formation of the_pre-anorphization |nplant
least |one ABISOY ORIt &R Arocesy 13 er Fomexasmple. Bigbbt pedediveasteh recipes for

silicoi|1,0 éﬁc&?ﬁitﬁ&@ Ond girﬁgbx?t(iftgclj]ctieTEﬁ%r\? f E&Eblisi‘lg& in r‘.heﬁ& ’am% I;111eay be used

pr e-'anor phi zation | np ocking nmateri a
duringahe eahembrad e 3dat PepeauldingDom tien devibe stlateg g it reisist In@agkror a hard

106 be patterned on the basis of well-established .
mask, Gt o g Dbt Top patEhing e Saeiclaods THRERS) dnat o agtain the

respediVe hteORkFlafd:f Mayer OBBS sndl e Ig_Et‘ér clBXATHR! €05 RbGAEY with the pre-
sel eCtive etch recipes for silicon, silicon nitride

amorplpigdatgin impant blepkingemaresalb}2. Ele misk $hkthay ipetrbmowed on the basis

o B A GRE S P i o
a welfeshiBlithed &y gl plaih basedpplotessnifdlbwdiebgaing Hpespriadslleaning

material, so as to obtain the respective gate
Procesytsul ati on | ayer 106 and the gate el ectrode 105
covered with the preanorphization inplant bl ocking
material 132. The mask 133 may be renoved on the basis
ofFigele| 1-Cegoals| ths beicoediivrurgieeree 1601in &t advance® fiagtifacturing
be. renpved_on the basis of a well-established

Kk
stageg\;sgrggla %F A8ISATPRIE g@hmrggeéggy & q)mnWt%yesultmg in the respec-
tive 8RR’ ARUIBLR HyBAMORY aRE OHRS &R eié'bgeaee %@ %Bgégféd LRfh the pre-

sen1conductor device 100 in"a further advanc
amorplnaticncimplam plackagematehielr B52n Theeeadier, sotiluyiatedan dligure 1C, a pre-

L Y G e T C—

techn@juRS,td £ BnplARaGOY Bf & PrathrnbrphiitiBh SAPRNPP AFiht8Rhe semiconductor
i mpl ant bl ocking material 132. Thereafter, as

layer; 103y s Acearding to Hugativel anbedimentsieleptenisapsednfor pre-amorphization
implai\}\l/e[q?{oﬁggr?lgib ﬁlg’s E(Serg %%g‘rﬁpl]e?’ Ssiliicsonp % if) ,O rggi%qanél‘&r%o E(%)f] gxetngn (Xe), etc.
According to illustrative embodiments, the pre-amorphization implant is implanted as ions,
e.g., positively charged ions. As stated before, the pre-amorphization implant blocking
material 132 stops the pre-amorphization implant process 135. Hence, the gate electrode
105 is maintained without any substantial pre-amorphization, e.g., in its original

(poly-)crystalline structure.
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techni ques, e.g., inplantation of a pre-anorphization
inplant (PAlI) into the sem conductor |ayer 1083.

wWae@wonei78y to il lustrative enbodi nents, el enenPGI/USEAS/008152
for pre-anorphization inplantation may be, for
em} t%’ (!)declﬁﬂstgﬁv)e’en%fdfm&tuﬂ% k13468 %(&)éﬂ)before carrying

etc. rdln ['ustrative enbodi nents

out therpee- amorgfhinzazmhlpmmelssrmﬁrm shewn i Fante iCaAdcortsng ®. gher illustra-
S|I|vel char |on As st ted efore, the
tive "'B‘?’Qd’é‘ﬁ%‘% ez‘é‘f‘?‘% ﬁ%f PfEﬁCBE {PEG-pEPTPRzZAtIGN PpAcess 135.
r I e
fn this e eﬁg?ﬁ?{,‘ﬁzﬁ%g‘%ﬁf?‘:ﬂmﬁ’? ﬁ%nﬁﬁ%ﬁ?ﬁ%ﬁ%ﬁm BockligEmaterial
Accoslinigstoanthérallugirative morboldimetts, ahe masky133 maylbtesooﬁgg]edaé 8., in size,

oly-)crystalline structure. Acco to
materify g 4, 36F aS et QPR G ck bips e PERg docking the pre-
amorpzAiof Fahd YitPelceirbdd 165, PhahRTHRALive EmBBdIRiAE RS mhd© 133 may
as shown in Figure 1C. According to other illustra

serve tap pec-amppdization smptane bleeking Ig8enalyand dho pddidonal pue-amgrphization
{ tiQ ro s 135. In this way, the

lmplanpﬁﬁ)&?%“ TPerPal 15 ilgéay%ep(f%%gamr phi zati on i npl ant

bl ocki ng naterlal Accordlng to other illustrative

enbodi nents, the mask 133 nmay be configured, e.g.
siAksording & further dlystrative, ea@pda%en& dbe pyreniicain rqgtpns 112 of the

I 0
cans D1 P O 51 B S Bl 11,y gramoe, e
chanrel reon 413 wraye b ddseteoh silidoa, whsilead 8z ﬁtmycadifauﬁ‘rmons comprise
... pre-anprphization inpl blocklng material and th
silicol il APt FABROATBE Qﬁr B3 1 6AVa e raghips gt Seﬁmrf@oméelé‘ﬂnaresultmg
in a e Ehs@ft 8fMfd SClircHARM didiond fhaf Ufffé}? rfrdrﬁ ldi'étlaftﬁEé ¥6nstant of
enbodi nents, the source/drain regions
silicony thesibyt mdudmg) agrespexftivei stfagr anthecdrqnosll tagum t Ean ekdmgple, if the

nnel ion 113. For anpl e, the channel ion...
soure /A8 Fpidrl o puise o cLiPTanE BARe AP el S iABIoS gtpeled fstialicon. e
germdrR@iniGe) R (19, & hieaBindidomt BicbRfpresSRERGRENts tnldaked in the
has a coval ent radius different fromsilicon,
channeg gegien Ad3. d-ikewise.t if dbe s@Hse/drain exfgionsecasppiiseedmdelainent having a
covalExﬁgrlag ﬂ§' s}n? Er t%g.ltl fsﬁfc c!ir%%n éégl a cert?a S}u%nLtmto source/drain
I con ere are Fia/Ee R Che

regloﬁ:sh Brmﬂiduteélltémlle Eﬁamemana lcRanmief rdgﬁtﬁl spur TBé (ﬂdfs@t:dfn\(e amounts for
regi.ons conprise an elenent havi ng a coval ent radi us

the re@?@éwe furthes gomppnens pnayebgytakeny pgith pedjesigblished compositions.

For e Shhi o B0, AGky, 8, ATNSHEARILIEON L, v

carbosmmmdm’ presannir agaroosntaamging femeh 1-dl0énent havi ng a
coval ent radius smaller than silicon, e.g., carbon
(O, in a certain amount, the source/drain regions 112
| NeeRlifg IEH IRsAER] éinlbd!iutngﬁt feamnab: &ﬁﬂ%&ﬁml&)%y b&Mposited
respective anounts for the respective furt
in the ewpmiémn nm}oruebtcfar@e parajogroul ity pre-awediphizstia predess 135, For
examgl%npeggss% ShOF\QIré) (?1?2 EQ{ 5 X :m 2§eglén§gr?<¥ucpor lgyersl%gta&:ordmg to

armun r angl n
well-established techniques and recipes. Thereafter, the recesses may be filled with the

desired semiconductor composition. It should be understood that this process involves
several well-established etching and masking steps. According to another illustrative
embodiment, the further component may deposited by ion implantation. The formation of
the source/drain regions having the further component may take place before or after the

formation of the gate electrode. According to a still further embodiment, the pre-
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carbon may be present in an anmount ranging from
0.1-10% According to one illustrative enbodi nent, the
wo cwovloes7sTonponent may be deposited in the soupCEUSI088/008152
regi ons before carrying out the pre-anorphization
0% I e heyvain )
e £ rreﬁ)zlslln#’i?'ﬁerﬁ%ébmg?gn u(grtl gge I ayé?éaﬁg%ggor ding to orﬁ? the pre
amorplakitioms bhlthe stgdngd d86nis operforared bye dmpkating ke dafthar component,
t he recesses rrf%l‘ be filled with the desired
emplQURg ESRELEIMPEBHAYSRIPAIARELet shoul d be under st ood
that this process involves several well-established
et chi ng and maski ng steps. According to anot her
i |Higrerl® shoavsehd satnicenductdrideviceriOfén a danipo rdvrncadynanufacturing
deposi ted by ion inplantatio The formation, of the
stage SO/ F BIHREBRIFLORRIAGRE 1 HFLPIRGOMRIFES ARS Prérgorphized
regiohf K3 RARAR R €5HR 1ﬁrth@§érﬁ1'boﬁdl%tcfrqw@t109n Acoldigs Q)asto?ne illustra-
el ectrode. According to a sti further enbodi ment
tive emmdpn@ms thg pre- amomglzedang;pmﬂi(aanednnnmmhtthamy l@et part of the
unt he co ot her ,wor ds
semict RSP Tkt Tt ety ey TR heren e (A RPR B Rty 1D) of the
transﬂsi@' B0t wily Beh Eorfriedt ﬁ%r pfeOAerpRized. eFp! eyarm er |5P Ped-hviBrphized
npl antation paraneters. Figure |ID shows t
reglogfe r’r‘?’@dﬁ%é? <ff>rm|@\/ f be somlien taan thet mrceém@n@ewns and be located
f t
compggr%glgevglgﬁ# é%@ grghry\’%g]gg{ \.Eﬁl lég) éﬁg@ﬁﬁeh qgglons 136 may

be formaed anbe 1a?r§eﬂ11&h‘uﬁ ﬂl&eaﬁuréadﬁad rdgr‘bﬁsh\ehe&elmil thé) @dmé/dfain regions are
| ayer 103. According to sone illustra tiv
locatgeraplsiehy &vithin, the, pe-afpefpPifed dagipayl dbrs Fiien the pis-warphized
t I
eiof 50 1 oLy Bl . SO NP0 of e
transis©y 136. Flkrﬁ}dr,rthnsxre}ambrpﬁﬂibd\megionbé36 auayelk formed so as to define the

E} -am)rg 'Zfﬁﬂ' For. ex | e, the pre-anorphized
sourcpydiaip fegiqRseOl 1S URSIstok B t o be smaller than the
S Qi @/ 18 Mo s tROEdMSoRdid1dI el READO th & PR 8 Ak hﬁhﬁfacturmg

the source/drain regions. Further, the pre-anorphized
Stager‘el@ar@nsa daEngrpyodses hay hesn mmmieteriamgeef shahlaw daped region 137 has

our G r aj Fon vvher the urce/drain re
been gr e 'Fl? gxallgwgﬁlo&e Ire:gxon Anay ge garOé §ﬁ% Idp(H' may] %e /S any other
desuéd?giagéls Al:&@rdlrl'_gm’ot Jodie, 1llhbl€at[lfe&nﬂmﬂirﬂ&htg etle dBFIng Procedd theludes a
e formed so as to partially overlay with the
dOPa@dmwaim iptor B iPEamerPhized regigns il 36.oHeein, ther:aatp Hesulating layer

&£
106, B8Rl eQIRE D) 450 YN PATink e AOritec R TR AP R g materil
132 aEi:gswmastlEfoskiopmtudnplaﬂmniion@mhesstesr device 100 in a
further advanced manufacturing stage wherein a doping
process has been conpleted and a shal | ow doped region
1 37 shefdbge ﬂnﬁ&ﬁt@%g thIth ﬁn)? hﬁi&)léﬁﬂti@ﬁ p&@uérﬁ:@' 8y T2/ pE#Yrmed for

be box-shaped or any oth
obtaining a required lateral dopant proflle as required for the complex concentration in the

drain and the source regions 112. It should be appreciated that a plurality of implantation
sequences may have already taken place to provide a desired vertical dopant profile within

the semiconductor layer 103 prior to the formation of the gate electrodes 105.

Figures 1E-1G further illustrate a process sequence for forming a sidewall spacer
according to illustrative embodiments disclosed herein. In a first step, illustrated in Figure

1E, a sidewall spacer material deposition process 138 is performed to thereby deposit a
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desired shape. According to sonme illustrative
enbodi nents, the doping process includes a dopant
WO pbaei7&1 i on i nto the pre-anorphized regi ons BGHUS2008/008152
Herein, the gate insulating layer 106, the gate
sidewl1C63cOd Snatélval aATert 169 AFREdreYIMIoRreaRMBARNEIZAEIdRN 105 and the
i nplant bl ocking material™ 132 act as a hask for dopant
overlayipg are-amonphizatior @vplest blotkisp materiddd 32n dde sidewallt dpacer material
any inplantation, seguence e perfor or
depoitn, PG 8t P olp FACDPIY 4RO SSRE ¢ ¥Dolrocess or any other
appropBatél 8&sbsftin prldeskOMIhEXsiGWHHE Spdct inPfterid) B¢ Y&r 8y appropriate
_and the source regions 112. It 'should be appreciated
dieleqtrig tmagenyl yimgluding exidesrphdimittitdeso re. & esjlieort exidamnpnd ailiwon nitrides.
al ready taken,place t ovide a.desi.red vertica
For <R, he s AU PR st L MR TGRS, ayer 203
prior to the formati on of the gate el ectrodes 105.
Figures IE- IGfurther illustrate a process sequence
f d%glfrg I s,hgwg the spayigendusios deviced 00 inf fgrthes advanced manufacturing
[ [ ogH : | ' [ ISt
siagey phifBh! f i RN BF Bhdeh SFAcOP RGBT BBy 1350 péehYompleced
Next,nai anisalrogie i prazsssp14Q &S perfS@ndds top eriibGtrePichllyoetch the sidewall
t her ey deposit asidewal|l spacer material |ayer 139

. spacef Iyyend Japgr bYBin oRder ot Rro¥idecihe sieWelS sRAgPTE-heAccording to one

. or | A o h e . cial
o 5E DR RSB MRS RATIET 9 i o
remo¥&Bwith yhehaisdtmpicetalmptaeessal 40 thstnis ussbiostseadi€l/Mepsideseadisspacers.

Accog{iﬂg\?&é' &gﬁg’&@ﬁgﬁgg reeirrpt %iﬁgggggégﬁ-%gmﬁggg&plam blocking
mate§41932G4 felnfov¥BE£H !s%larat'b BFAdéQé ﬁ&).OXi des and nitrides,

e.g., silicon oxides and silicon nitrides. For
exanpl e, the sidewall spacer material may be silicon

k55 i SRR FE AP A o

stagef Whérein @8 férmadiida of itevadwalbsaees 1Mhhas bédn dowyRéted 3According to
has been conpleted. Next, an ani sotropic etchéfrocess

illustrpige pybpdinesineidhe gresentspyensioncte sidestalltspagess &1 Haayibe used for
rial 9. i ' t .
cuaoRGER RIS ol e A5 e QL RS o o et
estabhsheddieniaritjuest h&oprezample; pecardingoto fumtieanilluktkraatki ergbodiments, a
material 132 is also renpved with the anisotropic etch .
dopangig Sabanegofni e Yeurosam T52i0ee iR ityha Fefeceivgeina implant doping
procet§§; g@% {u%in ARE QSN spRePl f‘lﬁﬁs 4 Hg!l;lg'fo{z EhUBHifgTH Qgélu%?gfé)f)fi%t profile

e- anor phi zat 1'on i npl ant ocking materia
141 in grepppurteidraia regipas bt process step. Figure |G shows
t he sem conductor device 100 in a further advanced
manuf acturing stage, wherein the formation of the

sitdeM@lld bePaspeéctatdd thdlake l@g@arsc PP hfilyesk faaearid ftdofdance with

dllustrative enbodi ments of the present invention, the
requiesmpaiiedf the saaesponding dopagt prefilesktl inghe segions 1 himihaga width of

the re%ﬁ%jtigg g%%gfsﬁgltlf gg %il:ag gge‘a"%]\n:ﬂ;%rtet%ge&? leagl%ed\ﬁa%ieﬁ] il g&iopcﬂl%ce with
requirements. For example, a single spacer element 111 may be sufficient or more than two
spacer elements may be provided to act as an implantation mask for the formation of the
drain and source regions 112. After each or some of the implantation cycles or after the
very last implantation process, a corresponding anneal process may be carried out to

substantially activate the implanted dopants and to substantially re-crystallize the pre-
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techni ques. For exanple, according to further
illustrative enbodi nents, a dopant is inplanted into
w0 b@seirsTe/ drai n regi ons 112 by a respecti ve PONUS2008/008152
i mpl ant dopi ng process 142, using the sidewall spacer
amorﬂkﬁﬂe@?e%%ﬁﬁaqgﬁﬁid, O NBreSdrit, " Gurthed SRAPI SRaiARARUCR Ahirae in the
141 in the source/drain regions 112. It should be
semicapguater layadlOBhat t he spacers 111 may be formed in
accordance with requirenents of the corresponding
dopant profile 141 in the regions 112 so that a width
ofAdcBRIifE &P BRIstrk®vS BABEdifehtks] thedtdevdll sperd MBI YR configured
t hereof , may be varied in accordance with
for induejng raaniafrinsic Sterss dx anglaanelaregiongl 18 byawethe @atenelpetrorde1105. It

be, suffjgient or np t han two spacer el enments . .

shoulfibe Klor 5T dhs e o Sroipn e SRR A R O RSl Stess, i

selectt@rdepériding 0h ttdigistiralype,aind, 8€pending’ GOmdRthet e trAhdiQbr 110 is a
each or sone _of the inplantation ggcles or after the

PMOS drapsistos or ppiME@Saransistqsr dastl a fyrther ilustpaivgi empogiment) the one
! ' ol Ly, .

o 35Sy T8 5 SEI0HES I ST P B, e o

compressive yetsldritarsilt Baes! anomdeptol enhandeaie o1sink3heration ir 4 respective

present, further inplantation- induced damage in the
Cham@Lrﬁge%hah%t 5Pr pXapaple. §g st rPReRy meriall laxerrmay be deposited on

the bR Wﬁ%&;ﬂi&ﬂ%ﬂn E@@é’}’%hkh 2p %ﬁ%fﬂa]&xhlné@ychgﬁxical Yapor deposition

configured for Ing an I1ntrinsic stress I n

(PEC¥hanmlkreire gheodegobBidnepaametees datimg deefiirmaten bf3he korresponding

shoul d be understood that the e of stress, i.e,,
spacef S5t 831 W Gbr B8 S0t MhbAcr Eed Eed! sfessaarbein the layer as
deposit@de P R&taiPlel [daRAL ThO Heposhon, le: £ the IRPEAHN ST Qilicon nitride, the

whet her the transistor 110 is a PMOS transi stor or an
deposifignsparpmiqtsr s tsugh as temapdraturey presstrige ioni barabardmentvand the like, may
| t. he _one or nore spacers ;111 may. be forned .
be adft3eQ 1k Fpfin ah dRoBPE, e BB PAPERLR AT oFPbod Freuf afBippressive

stressQIAPpIOk frhatelysk. 5 € gaFiscdl @ 8V drPmdid ©%Stendilk sPeSke6f dpproximately the
enhance the strain generation in a respective channe

same magnigpdet 13 For exanpl e, the sidewall spacer materia
| éW?Ire THY, H%_Q/sqﬁepg’éﬁi'éggd&[brt&@iﬁgziﬁb ?rr 2 ]i‘urther aﬂvanced manufacturing
wel as p ance

-established reclpes, suc asnma en d
stage.C vheteia | the guerandepliged iregiofPHCYhavewbesreianndaleel and the dopants

. depasiti o ar anet er uri the formation of the )
lllustfet?ﬁ&&sﬁﬁﬁgqn%@t g%zﬁ%.lil ¥ g%fayawageaj LAFCIding R sprgtillystrative
embogﬁﬁéﬂts‘? thd AIRABAY oﬁ&fef‘p?@-ahﬁrﬁ{iﬁ‘&f 28idn8 i PRIdrA¥E acBGding to well-

deposited. For _‘exanple, during the deposition, e.g. .
established deghasques.oFopfexaimpie; @annedling the pre-hmorhhpardi regions may include

. aneters, .suc s te tyre, pressure,..ion. . .
heatiff 28 TRl Fom EHIPLeRE doFieR oM Bl DG b g embgriments,
annealiflf 'the) pieCarfibipBred irBgibhe nfaSREGHE ‘s’eﬂeétﬂ'}é%r héaRingithe pte-Sfibrphized

. a conpressive stress of approximately 1.5 G gaPasca
regionsy 136y 8. pyrlaser gradiatigisi | e stress of approxi mately the
same magni t ude.

Further, in the manufacturing stage shown in Figure 1H, metal silicide regions 114
have been formed in contact portions of the source/drain regions 112 and the gate electrode
105 according to well-established techniques. For example, the respective metal silicide
regions 114 may be substantially comprised of nickel silicide or nickel/platinum silicide,

which may be reliably formed within a silicon/germanium material. Further, metal silicide

regions 114 on the basis of nickel or nickel/platinum may be formed on the basis of
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Figure I H shows the sem conductor device 100 in a
further advanced manufacturing stage, wherein the
w@e@ansphi zed regi ons 136 have been anneal edPEmnuS10h&008152
dopants illustrated by the dopant profile 141 have
[ oth€ Tiei
oomolER ARG naAE S0k e IS RELC g e i

regiofi@iagnise fernizdehw depehitage ﬁfedrdsgedtﬁ'eWﬁéﬂaEshahé icehegt portions and
techni ques, For exanpl e, anneali \r;\ﬁ t he pre-anorphized
subjegting éhfs serRiFopdieqteddevieat Phdt tIRest e | @niashiRosviensettgra sufficient
[ other illustrative
tmnp&ﬁ%&&@%é%?@:ﬁg%ﬁégﬂ?%a5§he pre-anor phi zed regi ons may
i ncl ude selectlvely heating the pre- anDrphized regi ons
136, e.g., b I irradi atign rther, in the
rriﬂt?F‘Sdﬁ‘ﬂPF‘iaHé a@ng% © metgli Sgleﬁ@e Fagiongil4 may, pemppdse nickel
or mEl?egb‘pPRﬁuﬁqMWlh@Hem 8 éﬁaﬁﬁgeédﬁ Q0L A & ce%ﬁdaﬁeﬁ With transistor
the sourcé/drain regions 11 the gate el ectrode
elemérmﬁcanammg agigndicast hmesntabl nstheﬂhcmctﬂmnmgh as .thd-drain and source

regiof, | LLi5GE i FLUPPY BB Bed™ Gy FERsr Teie] B MsFa silicude regions
114 ﬂia?k&in‘) PHist b Bt GpstSprinb| fék’ra%‘ﬁ bfethe! du@ﬁ’l % tidniBe, cobalt,

hin a silicon/germani um materi Further, netal
tungsm Dlaéleumeﬁglddhs likg4 M@reom Habpelddfe &npmted)ﬁlat the metal silicide

l.at i formed on the .

I'CglO%% approgl Oéllg ({TH%? {h \R?Imgh %gfn% nu&)(ecrg may, 1 Ssome
emboaﬂﬁérﬁsslb’mtcﬂhp(rxs%@% dlﬁbﬁenﬁﬁ‘ﬁzﬁémﬂyl ddpdedihg PnOthe p’i‘Bééstnd device

formed by depositing the respective netal on the
requigggifiiet porti ons and subjecting the sem conductor

device, or at |east the contact portions, to a

sufficient tenperature where the suicide 114 forns. In

orla actdrdatce atithveil borthedil et vetenebodihealts shovai theFip@gi 1¢N S stress-
) 114 ma rise nickel or nicke|l/platinum whic
inducig 1430AEY Kged QEBHhetFnSi3iRg ?W’é‘rﬁ"ﬁﬁ???%‘?%‘i%{;ﬂ?f induces
a str&k GBINeScAREIALE D 133 B Fthe e RIRUBEe A05.  According to one

non-silicon matérial in the drain and source regions
illustrpti®e  gokddimentsi ﬂhccsxrﬁsgemdm;mgmayelr nlsotahénelmrhoetpmamt slayer 117.

ide r r|s an

Accolgffy Bbes I riiAiERs e S 300%inE SavBll & etk stop layer
118. cobalt tungsten, platinum and the Ilke Mor eover, it

shoul d be appreciated that the metal suicide regions

1 ¥4ccogdipg CSUWGF ﬂumm‘@derwoctlmn@aﬁhe cpptpel layrrel I pemmaises a first
type %‘t‘ﬁérrn%l a? 28&3 et %.gden;“ Q&'? eg%lﬁgcrggrélsn gxﬁt(lj'lgf eg) clrx\eer glpannel regions

113. riBstuéxaatpbd)tihe cbﬁlaétCkagédem: enal Edﬁc@hpﬂded&tﬂtﬂﬁcon nitride having an
illustrative enbodi nents shown in Figure IH a
Intringic, cRIBPIESRIYS figessa )ygy: nﬁ‘;‘? t {EADSISEPT o 1% H represent a P-channel

trans&(o?nﬁoﬁg ent\l\ﬂ iQ chiie tl?é §faeer él%gxgt' T‘lq Jn@% %fso'lﬂ%‘ HEeh formed
a st ress annel lon 113 bel ow t

to exbibatcarnr UdHnSIiO@om&!mzsswdlsngsst 80 @meo support the stress transfer mechanism

provided by the contact layer 117. In the illustrative embodiment shown, the contact layer

117 is formed in close proximity to the transistor 110, wherein, in one embodiment, the first

contact layer 117 is formed directly on the respective metal silicide regions 114 formed on

the source/drain regions 112. According to some illustrative embodiments, the contact

layer 117, which may be comprised, in one illustrative embodiment, of silicon nitride, has a

desired magnitude and type of intrinsic stress, such as a tensile stress of a specified
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illustrative enbodi nent, the stress-inducing |layer is
a dielectric contact layer 117. According to other
WO k00903781 | ve enbodi ments, the stress-induci ngpCHYE2008/608152
an etch stop layer 118. According to sone illustrative
magnfti8Q WHENHE trahfiSiof 310 3 fo teP¥eREnilah/ NCATRH] $8Rsi%ok) Rhsequently,
type of intrinsic stress t0O I nduce a correspon& ng
in thistqasé,the spadee al@s@ecklilvmagrsnbaver bepnoftsmeéd 30 dxbibit an intrinsic

.exanple, the contact |ayer 117 may he conprised of
tensiIgSPSGH 45 1014000 205 5SS PRl eniom fspided b the contact layer
117. stress, when the first transistor 100 is to represent

a P-channel transistor. Consequently, in this case,
t he spacer elenent 111 may al so have been forned to

exhibit an intrjinsic conpressive stre SO0 as to

S OfRptert A @k yort s Tiston v 5 B BedoByed preor above
the fifs@8bmadt 1hyran 7 1wkerelmtheNgyer 111 8 phdyatid foemBdBPdh ABPYopriate material

shown, the contact |ayer 117 is fornmed in close

that enpllgs aireljable cenieol tof anssibsequentiatoh prdresseion remnavinger second contact

' e first ntact |layer.,117.is for e
fayer SRR yer iGrarbbily (0 AR sraUEL b et Sl PEER igiator tayer
118 rhayr begstovided hethe dorng of akicon dRGide1gyek12. According to

some illustrative enbodi nents, the contact |ayer 117,

whi ch may be conprised, in one illustrative

o . i Lt de _ si.

R P oy Sl A4 85, 0418580 SR g v 17,

instaricen sk | @ silidoas aitnde daype evifereiamagnprevidasly Wnphaihéd; the deposition
transistor 110 js to repre&gnt an N-channel ) o

paramiers &pay; Ry 2N esers Wineh @) Way that ¢ Apsired duee andygagpigidgof an intrinsic

stressls §J¥EVHed inl the B BbRectNaY& PEe nCBHEsgi%qdi'hg &?Béigbﬁ cBhlditions are
intrinsic tensile stress”so as to support the stress

well ¢stabishet imtehani For prampldethebfjrst bentaaiayart 1 I7ampey be ldeposited to
Mor eoyer, an etch stop l.ayer or etch indicato ayer

have ¥ 30ERHS riagh 66 cSmPRss & Sher®! wEeq e Pinsifinabid Ffappresent a

P-chahddl, trRRE& Br tdRavedy §feckiBmaByitfIe JraensRe sebss@hen the transistor
appropriate material that enables a reliable control

110 igfo pepeasprted;Nethtanaeldransistos e sihefeagfter, dhoeich gtap eregtehnihdicator layer

act |. net .shewn ver. .t stor 110. For
118 o Aot FEn S b SRR -GBSV ey

be provided in the formof a silicon dioxide |ayer. A

PECVD process may be gerfqrned for depositing the

f iAkqvecthatcantact tayer 1117 an figterlayes (dipleetric ygatgrigh maydie formed to

. trj.d té fodi Sﬁ'iﬁl : [ I | ai .

complfes e CAAEE GORRHE, Rroich) BhiRt; GIF stofth B Wlen, elffesponding
contattsate @ dormedita rgpeectine coraaetiregides affthatrangistor hE), cuch as the gate

str is provided in the first contact |ayer 117.
clectrpgly F3S paeh P HEAIRGR SRITEY BRBHARL i ons ar e wel

established in the art. For exanple, the first contact

|l ayer 117 may be deposited to have a specific

metgording tosthenibipsteabievemtndinenys, thsidewhlé spacand ] ktopiat least one
sidew]aillosplagerti mord than %% sflewall spacer is present, may be removed from the gate

electrode 105 before forming the stress-inducing layer.

Figure 2 shows an alternative embodiment of a spacer structure 107 which may be
formed instead of the single sidewall spacer 111 of the semiconductor device 100 shown in
Figure 1H. According to other illustrative embodiments, the spacer structures 107 may

comprise, in the depicted stage of manufacturing, an offset spacer 108 which may be
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P-channel transistor, or to have a specific magnitude
of tensile stress, when the transistor 110 is to
wo epeeEst a N-channel transistor. Thereafter, PETESHISONS152
stop or etch indicator |layer 118 may be deposited on
comph'@&l BAghy a?ﬁroiﬁﬁ&tl‘: -Bakakl sadhes BRCHDIfRMMRN PESHsARPYRr 108, if
he contact | ayer 117, an interlayer dielectric
requuredt malydvle fquyedoby ﬂcpqmmgt aaldécurq@tllcbmgalnﬁ flevies 1@0/and anisotropically

ctric, mater t shown i i.ch
remopf SR FEFE0H £ 44 o5 i Bormt IRt AT ddfiber i, gonforma
liner CENkpdcker I BB GRSy Me Fhenddl aWRicht MayldthibRUg hsidstabfiflly L-shaped
gate el ectrode 105 and the drain or source regi ons
configuratiomctbatr &, ilge tspacst H@B ¢ampreses @t pytiosrafodlispedified thipkness that
extenﬁ? gleo\A% ti‘lff‘ %Ri%w%ﬁ eoJf]t}]i ﬁE}eCt‘I}S’?azlﬁ)ﬁ s%paﬁse Lo prlﬁ%aécg‘[lon having
substértiilyeke {anihidkacgahat akads mﬂg alfdbt dfeh®seénicondichd 14y 103, in
_Sstress-inducing layer. Figure 2 shows an alternative
whicls Faspertiverfiraigrand soperectiegions dé?@r%fmdwﬁ%ﬁewﬂwhe spacer 109

RIS S5, UG L BB of i

corredponds o g shapetbofiahe phtk widaratie 165 ewhbadi finizental hgortion extending
spacer _structures 107 may rise, in the depicted
alonggy Bgjkob ﬁierﬁawafaaétsem‘:ﬁgeglaﬂs bﬁoéléqre@b%e@é’fat@sgnw arprerggditional
e RSO RRYpAPROBN ALUTRUAY Ghos RSS2
nay be forned by dep03|t|ng and/ or oxidizing the

e Paced Ja T ey e e gkgg&%ﬁgﬁg%&%ﬁp@?%@%xh%n a significant
etch ﬁ!brchbﬁf with r@@'&:@fdﬁl& didlet@tic RlatetfAP6Lhe %P&el’@ﬁ@ Iﬁfv‘wew of a specific

formed, whi-ch may exhibit a substantially L-shaped
etch @gmf:usgms 4o icoable rtrglective ramevad phtherspacy Iddnphilessbsantially main-

t|on of cified thickness.t at ex! nds al,on
ainifp i Bectel - P issbiffieh 1 PO TP Bl s BB Contorma o
L- shapemspa@esoa R0/ bé 66mPAANGF Silidist @iBkida) Wiilé & &88r more spacers
thi ckness that extends along a part of the

111 mynbe spmpdses of] iljeqn nigade. HOWﬁY?éhOthéfsi%EWSv@f dheaspgcersd 09 and
111 rﬁ bé %oritglgnbfﬁ@ecd g6 i"ﬁgt?iné othgpﬂﬁgt fatd od'ilggnt thg L-shaped

acer may be consi ére as a con orna
spacelrlll@érmmy be paamrised bE sdicapaiwide Wvhié tsa lysicamnl l Bimay be formed of
corre gonds to the shape of the gate el ectrode 105,
Sﬂmqwdﬁﬁ“g'"horizontal" portion extending along a part of
the drain and source regions 112, thereby separating
one or nore additional spacers 111 fromthe gate
eIBmt ¢Q1d|‘ernl&155pa¢ﬂi 109e may dven faamed sryu htiéalbegépmiiingla appropriate

ace be f d of. .a _dielec eri.al .
dicleqE PRRG N £ 318PBPRgn By diF Sergidd ShERSE (2 hiehly
confor@&P &Bhioh ahd) @ulsldeqhaﬁtyr 4 Guriidr Qs[’pbéﬁr 18¥er! FR i8RaR&@ a 3Ron nitride

in view of a specific etch reC|Pe so as to enable a

layer giapy be idgpositedopdhe basis pewslhigsiablished regipgsesuch as PECVD, wherein,
as prec'\H&?stl?gueﬂh 1 d Ioﬁtx‘bﬁ' aeplgf\:}éeggi 1918%@ fcgrgr?ait hUf the corre ponding

ustr e contorma
spaceplayer may be adjusted such that a desired inherent stress is created in the layer 109 as

deposited.

Prior to the removal or deposition of respective portions of the spacer structure 107,
a further implantation process may be performed in order to obtain the required lateral

dopant profile in the drain and source regions 112.
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L- shaped spacer 109 may be conprised of silicon

di oxi de, while the one or nore spacers 111 nay be
w@oopndzed of silicon nitride. However, other PEDUREE8/008152

for the spacers 109 and 111 nay be contenpl ated. For

instance, in another illustrative enbodi nent, the

L- shaped spacer 109 may be conprised of silicon

nifigure &, shuwd en talterrspiaic embbtlihentagf besefracanddctof device having a

si i con, di oxjde. The conformal spacer. 109 may be
stressflaﬁiqf:érbg léayexi 173:316\?} %%qrttﬁ%g.a ) St%[p[ﬁ'o_é pﬁleaﬂécer. structure 107 of
the tdhBBL 110 GhEWheln Rlgurd BCRafibedd fbaRA H aXddi@nct with 1the spacer

speci fied thickness in a highly conformal fashion, and
structyrgtdpseniadt wigh respeattto Eigurpd tle excepy drat tegsidéwrll spager bl1 has been

ol T T 3P P B SRETS 85 i S o

in Figfre ¥ @idyous| forn&agtple,t e NMOSS trahfiftoRareREE tife datidu’Tstressors
the formati on of the correspondi ng spacer |ayer may be
employgf mayehe conbigured e induge gitensge stimiane Hie dapee) segign 113.
created in the layer 109 as deposited. Prior to the
renoval or deposition of respective portions of the
s Faguees 4A fand UBrilludthie a durfthr tehbodiniglt @0 tatbldhing Dd@H8d strain in
may be perfornmed in _order to obtain the required
the chaghel rggiogdbd By aontalied sfrpss Remarizationdpchni@isr Fdgygitoshows the

transidtde 17D gigrf nartBRNR ﬁ%gé Ghataks! (‘.’cﬁneﬁ?mg L}HEtHE rﬁ%n yacturing stage

seni conductor devic Ing a stress-inducing layer
showd 1i, Figh8&: flGr meedepyvihat tthe sidesvadli spawers1101 hbve spacemoved. In

tructure 107, of the transi stor 110 shown _in Figure, K 3
accorfince wih 91 ARV SOURANREY Vi FAYe HBYEpARa1s Tormed “over the

sourc&/Mfaie téBishsAEIDCHY RREveM faler ®PBSIfibN HPodebIWE ol 41 a BEERAD process.
that the sidewal | spacer 111 has been renoved prior to

The ¢dver flayeraldBomayfbe keleetivedy slepondigdi ag..| by emplaying langappropriate

s RS Sl DT RSl TR Sver v

143 mapbe pashidedyos BORMHoP trafkidtor 1 10lUGEter depOsitibie of thetdver layer
in the channel region 113. Figures 4A and 4B ]
143, the |pgesamgipbizedirggiope 1 3@ arsodmgalgd. dfsualdy H1s papvalipg & accompanied

by a vg)glft%% F&fﬁgéﬁ&ﬁ)ﬂhk Bré—%o%%ﬁqggigﬁqgﬁpaﬁé ﬂ%?/céoﬁrere laX(K prevents, or

stress nenorization“tec
at leasthreusces fveshrirkiage of dre fréGiniorphizediragiast136i dugingtangealingah tensile

i s conparable t he .man cturing stage shown in .
stressysfeyBioBY Faedogpt of PRI bI% induGiRe @Ba%e?'salq iy theepgnnel region
113. g@ SHbUI® BP \1RdersloBd AR ANERBCE W ErN BNyl ! Bésitomtgérl] ‘é@ as to have an

mbodi nent, a cover layer 143" is fornmed over
appropuate ctresh resistanegyi ienstolwizhdtgndathe piressek ayerlvaflewob ithé emnealing of

roce 144, .e. PECVD process. The cover |ayer
the pAR PR S regiatisdop, Ao B TEdnigrap e cfPofimpdyfhgover laver
143 isformpPbPdlited Gitrideski ng and etching regi ne. According

to other illustrative enbodi nents, the cover |ayer

Figure 4B shows the semiconductor device 100 in a further advanced manufacturing
stage, after the annealing of the pre-amorphized regions 136. It has been found that the
stress is substantially preserved, i.e., “memorized,” even after removal of the cover layer
143. The removal 145 of the cover layer may be carried out depending on the material of
the cover layer according to well-established etch techniques for the respective cover layer

material.
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143 may be provided over the whole transistor 110.
After deposition of the cover |ayer 143, the
w@e@oanosphi zed regi ons 136 are anneal ed. UsuaPCTUs100008152
annealing is acconpani ed by a volunme reduction of the
PRYhARhE '&bé@éj-n{e gb0 iiﬁgtrat?{/@ (é?nbtoﬁﬁn&gé’ favd Eb\é@[?t described with
prevents, or at east uces rinkage of the
referqnce tcaarpinglel traadistaagit shsuld:bﬁ midenswgd alnat@adehng)ndacttoe deviteusually

tress l(ill‘?i/elosin,the dlre ons .136 ind PBE

Compf‘é‘??sf‘llé i%h YARSISHES-ch “’? iy Y rgasistons; mébio ¢ same
transistOF @yt Q‘% Shade Niaf GFankB¥e "tygétdr BR%hd P-danhd rtﬁﬁlglstor type.

so as to have an appropriate stress resistance, i.
Accordmngva dibearbistritey es¢embodizenisnthel pladlivy Dﬁtramﬁestansnedhdﬂg -channel

t he hi zed .regi ons 136. According to one

trans’FtPfslﬁthg[ ?Vgncg‘ﬂ"grbe& aBsipto 9St he cover |ayer 143 is forned

of silicon nitride. Fi gure 4B shows the sem conduct or

device 100 in a further advanced manufacturing stage,

affigure Srebows raesamletgldgf:mt Hevipe 80Qiirorqshrdeade welhiibnyratige embodi-

b t 4he st 1o) ti

mentgpcr)fe {Sl]tgrpvreg:% subée r%e erarmr IhZeZs %uéoz\?iglﬁtor fi{sa\lr’lllg:g ?gﬁtgeg}pr%?s N-channel
transibtoss OWEN ab &’y@fanﬂtﬂ?tranﬁ@ﬁ)ri emeyadink4o dife illi&rtio¥ @mbodiment, the

| ayer may be carried out depending on the material of
SUbSUtaFf‘e 104veqmprisgsr gae cdeciodgs t195wef [aneBrehsnnehwansster, 110n and a

P-chahﬁ?ll'tmng 1f ll%é (’vﬂg peegltnb (f‘uzcaﬂgg m:pFa)ﬁg'i)lo %(m\g material 132 over

mat er | a t1one fra
the gaatnmﬁtmaast leﬁtanahbeetypéetsmrslsb@dlwnt ind dfecPeymetrhmsigor 110p, as
or, it shou under st ood t hat

gle_ tran a
illust e B FIBE: D MR aw}) Whprt depiciedn. MepuGeigring stage

that Joﬁ@ﬂﬁinag % the MAfufBtMbiAg s{a)éeQ;f thd ﬁ’gﬁélsctglo[ﬁ) Em%vrpﬁt Plgure 1E, the
the 'sane transi stor type, e.g., of the N channel

details refnwhgthoand e rmnu&fctmh eofPwihiiin pe nmr aema@dolnert:yph should be

t o ot her tratlve enbodi nent
underQR8 384 2 FsPuiRd b o Db i RGP RoR eI PG N bt one of
the abve\Madrtionsd Mﬂﬁﬁ%mﬁd&ﬂéﬁ@ﬂ@cﬁsse& vEtH RfRerfRQ¥Fighres 1A-4B.
sem conduct or device 200 in accordance with

illustrative enbodi nents of the present subject

n'q}lta%E:Ordg&{%r Wit 0 dtﬂﬁgtparttvg ﬁ\fﬁbco%u‘é%{ﬁ C&%re Sc’lgﬁ)rphlzatlon implant

hanne ors as wel

blockinfgamstesihlor R is Aocfumhw gvérahe geteicldcustiesal0Svef atindie dhiandstbrs 110 of
t.he substrate 101 conprises gate el ectrodes 105 of an

a serNeoRinE | ey [ogn SPS FSRETHRYFT MY Ram-LhiBAHEANsiskosh of <t sqmwonductor

1 -
dorickA D bl AERPAAT B0 AL A0y R 92 i sty
formad- bygrepart ahshe tgate d:lé:ctnaimsl dfhe séintoppdudtomdevist. orAddOpling to one
) as illystrated.in ure, 5. .The tran rs 110n,
thusifiee qERROiTRET FreaPrr RO ey loFkige ToHFREs bt e formed
over R LhR SRAMRSt M NMOS! R8Rispdrs ! Metdagnht Stal eflRo&0¥N PMOS
in Figure IE, the details of which and the manufacture

transigtorswie étee of gherye- amepphizatibnHgpdant blockinguhatetial 132.

Figures 6A-6C illustrate a process sequence for the manufacture of a semiconductor
device 300 wherein the pre-amorphization implant blocking material 132 is selectively

formed over part of the gate electrodes of the semiconductor device 300.

Figure 6A shows a semiconductor device 300 comprises a substrate 100 having a

semiconductor layer 103. The semiconductor device 300 comprises a dielectric layer 106A
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understood that the transistors 110n, 110p may be
formed in accordance with at |east one of the
w@bwomestent i oned il lustrative enbodi ments di scCREHES2008/008152
with reference to Figures 1A-4B. In accordance with
aboveoﬂhe %Emidohﬂt%t&alta&ééel (BThRBbVERRE §emfc’3§dm@r 1378 10BIAZ @t%%lfénelectrode
| ant bl ocking material 132 is not forned over
matergaétlayee 18ZA s tmed 0 T hefgatd elecmetmaﬁnsalslamrsloﬁmmcﬁovaed with the

duct but t nl art of the
pe-a SRR i e b 55 OFEE o8Pl R s anc
layers € thRr RnAaidABoZ Akl 300 oRfetpdHdoekihB GedpRétdrd Mlatetals zhrﬁi layers
sel ectively forned over part of the gate el ectrodes of

descrijed e’ﬁﬂbtﬁgd@c'loothe gemicpadugtor deire 40Q showe in Figyses bAjapnd 1B, and
the pre-a hi zati on i npl ant bl ocki ng
the desC é R Vf[%‘ﬁh X nc?é?‘f'?@g}aé%gf the gate el ectrodes of
NNCS transi stors, whereas the gate el ectrodes of PMOS

transistors are free of the pr e-anor phi zati on inpl ant
bllheieemiconduees dgviass300 qmaprises adisstgegipn 198 tyhgrain g first transistor

110n F?{ R 68 YornedUGCE sé&%d?gglomfe\?ﬁér?ﬁlea %co?ld transgtor ]tLOB is to be

sem conduct or device e- anor
formddorplmatie fidsoedgiorg 168t diei rk-ahd2phizatioal ﬁqﬂmeﬁlycﬁlﬁg mﬁﬁierlal 132 is
te electrodes of the seni conducto

er part of the
partiaffy sog&red ith MG o 55, €Bodhgioresift s Adaed Baskidg idebng s lateral
dlmerfs%fﬁrdfszﬁgat@ e?ég?l%HE YrGhd 3 stl'l?éﬂsﬁ@bra REHE GeAHACkBlon PYE the pre-

. The“sem conduct or devi ce 300 conprises a
amormhlmt@mt lmpdadt dyekingBieb b2 ist immosemic drictunbsk 133y enay be formed

wcord e LSS RS, L AT 82U i et

have £:66d £teH 8eleBI Wiy With k tol{Be Pré-amepHea8i8n Wnplint Bl%cklng material
pre-anor phi zation i npl ant bl ocking material 132. The

132. above-described materials and | ayers of the
sem conduct or device 300 correspond to the respective
materials and | ayers described with regard to the

S diitigosdond igicieYs I @hd Bxbdsbd pre-drfiofph Adties ithplaanBlotBng material
and the descrlgtlon of which is not repeated here. The

132 is sl ciyplycmom e By iap stdduprosesspiis whersas thegire aggirpiizatgm implant
blockyi%eﬂlgfgﬂalal 7, 515{11 tf[r\%‘x%?ﬁﬁloﬁomn jgﬁrﬂalﬁrgxﬁ ‘%?dﬂg‘g efch process

regi on eln a sec
154, teinkeénihg Itlmepbrtlbm of e prerasorpleigation xhﬁﬂanttﬁkﬁ:kmg material 132 under

the n%é]ft g?\{ p%é%%{“ggal:/\?nfl anf)wgflgﬁgégggtlgrgglgl{) b}ocimg material 132
expos@@ HeOg RS bl%tctr@de ﬁ‘laféﬁ%ﬂla@@ﬁ ko540 N@ﬁf 'anfaté B@ﬁﬁlﬁé SRk 133B, e.g., of

di mensi ons of a gate electrode of
the sameatype 96 dhe miapk 1 B3A sddba firstaggion 159,11,8 thned over the gate electrode

| ant hlocking |ayer 132 is
"m““ﬁﬂi @%A ?hwsﬁﬁ f§§ﬂ y be formed according to
\Amngure 5Bahbivs fetsehficdritiuatir devicb 80@ ia fligieFBdincéd mahufacturing
the mask is selected to have a good etch selectivity

stage,\Whescindbexposed poreiopy ef theprgamerrhizstion iplant blerkiog .rmagenal 132
have B8nffehftived $om the gate electrode material layer 105A and the formation of the

gate defining mask 133B in the second region 151 has been completed. Hence, the
manufacturing stage of the semiconductor device 300 in Figure 6B is characterized by two
masking layers 133A, 133B which define the gate electrode in the first region 150 and the
second region 151, respectively. Further, between the first masking layer 133A and the
gate electrode material layer 105A is located the pre-amorphization implant blocking

material 132, whereas no pre-amorphization implant blocking material 132 is located
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In the second region 151, the exposed
pr e- anor phi zati on i npl ant bl ocking material 132 is
W@ 2000003782l y renoved by an etch process 154, WhET/E8208/008152
t he pre-anorphization inplant blocking material 132 of
betwdeinehé secvind megking 14760 133Baimldythe @itk iefdctrpdé ﬁmetﬁﬁlalyyr 108A. In the
tch_process, 154, nmintaining the portion of th
churing, piage shewnin iFigre 9B, phe srsangd 'ﬁﬁ%l%!?g baye&:l,éﬁ‘% riBdhe second
s, zation
regloxtllig glgral‘tﬁ ciigci%aﬁeg mattﬁlg %%le(%%dé)%é%éaglﬁggﬁ@z&
electrode mat eri al Iayer 105A. hbxt a gate defining
133B, e of the sa pe, as t
Fﬁ%’iﬁ??‘i‘&‘ﬂ)’ e‘Bg SAte1gprtrades flgg ﬁﬁé"e&/@‘ “{%fgfsbﬁiag‘mg isayef 133A and
th &bﬁ@‘iﬂa@ﬁi‘ﬁ 21588 A prbORIBABYy JeBrMRECAtni @SB etch
©s . |gu§gB%B shom§%¥he sen1co§&kbtor§%EV|ce 388 ' pnxz%
134 \f/lmlph remoweh/thn eadosed pdracnsuef thg gsteagectradecmeteriak h@'er 105A The

anso B B 5t st RSB f BT phP R ey isclosa
with ﬁJgﬁﬁi o0l SurBItEE I TRéreAffdt Sthe WRRIANdydrhS 304 MEhE erihsreﬁlgtmy@er 133B

gate defrning mask 133B in the second regi on 151 has

are regeeiedcunthe dasig of M@Hcfétabdlhhedmnmmauﬁsmsm @pég'etfbregmtdeto Figure

1B. %‘%C(t)r d%%)ci 111% t\é/ialltgv?ss Arrf]lel:l 61% ﬁé? Ei gl‘ﬁ? énaskmg

layereiiﬁﬂ ﬁftdﬁenh(Wabh:ewﬁthftﬁb saft@l @bhrigle and §1ﬁg1ess€éi0n¢or example, an
ion 151, respectlvely Further, between the first

ident gmaﬁgla | aperberuseal for dormias ghe dirgt| maskinglayaid 834 @ind the second
maskaf% gyle}oi%é‘B' SrT:hgﬁC ?éigngs l\aﬁa REMATALABE 7110 f‘%do'mleﬁghsmg a first

ng “mat e ereas no pre-anorphi za
transistopliand respative myandceurieg stag® the firacadmsidhethuvary i lpate electrode

ond maskin Ia er and the ga eIe trode ) )
covergd b33 BiF-3 gt oG kg R seERL T @é@@@ﬁmwtor ina
respettive™ hﬁHﬁﬁc@ﬁng th%esﬁl%%goﬂmt?gﬂs%lj 1315(@; ' QtetJ‘&:trode free of
second region 15T 1s directly | ocat on the ga

the prst-anonpbiretiomimeplant blockieg ma@HAl 1Blbsequent |y, the gate

el ectrodes 105 defined by the first masking | ayer 133A

and the second masking | ayer 133B may be provi ded by

PEFiE @B shows tBOk&RichRdictoraletite 300G 8 Furtitd adbdrieBd manufacturing

renoves the exposed portions of the gate el ectrode
stagenwhedeinathe [p&s; amompbization peocgss basthesprarried oht, meé«éleg prergmporphized
regio ¥3 6t BS foq ﬂrét Qr S tgf ?(5},081 Ile tga torsll As a result,

osé re ar gure erea Pe

the fmai@mgtdrame)h df&lié sﬁﬁﬁbdnh&ctﬁﬁﬂkhﬁ@ 3Da)cemp1i3é’d35(ﬁfrae/dram regions
renoved qn the basis of well-established technlque
12 whyig PESEdeaff IhParkBier amerphized ape ajgate glectindgillg fres Q3 pbstantially

free df rék %fnro HiYed Igggﬂg | MBNhe sdcBfd %ﬁéﬂ%tggl m ﬁlf I%l% SahicBRGuctor device

erras ngl '133B are renova e same
300 ¢oemmmeq weurce/deais iregjbms itkmhlﬁo arecaadlemit an part prdeamiarplazed and a

d for f the first maski
sate 1G5 B S 03 KRR F o UBghE TRORPI Py er 1838, Thi <

; ??éégafcﬁng Futhe SPFbERNHE UfAhe dEMIORIRAGT 8QTRY 860, NHe First transistor
110n may generally be processed as the transistor 110 described above with regard to
Figures 1A-4B. The second transistor 110p may generally be processed as the transistor
110 described above with regard to Figures 1A-4B, except that no pre-amorphization
implant blocking material 132 has to be removed. However, it is to be understood that
process sequences which are carried out on only one of the two transistors 110n, 110p

require masking of the other of the two transistors 110n, 110p, e.g., by a photoresist mask
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transistor in a respective manufacturing stage, the
first transistor having a gate el ectrode covered by a
w@e@vanosphi zati on i nplant bl ocking materi al 1BRT/UsS2Vd8/608152
second transistor in a respective manufacturing stage,
or a hdr@ maskonBurthieaNsilisidation Infdy bapteigmeeddey eespb@dier @Bkniques which
free of the pre-anprphization inplant bl ocking
Teqmﬁ?d?%rqled'lateﬂﬂc}“ﬁll&ér‘%“e(‘}es%ﬁbv\s t he semiconductor device
300 in a further advanced manufacturing stage, wherein
t he pre-anorphizati on process has been carried out,
yiFer ékagpler meaileiljeidezegdione gihidisart 3ornedd Bacmagibetfbined of cobalt
,__&%r t tranS|s or 110n and the second transistor 110p.
silici l?hegﬁb't {qxp@ % iaf ap elevajed; temperapyg, wherepgpmetal silicide regions
r
fom R SEFEREE e 1O RS BRE HURCAIAAL ekl cde o
nickeHplitinumailecidd lcethirmgdes]s%evfatedeempemuinm avitiabsiliyides may bk further
pr e- anor phj zed [ d the second transjstor

regions,, .
used § FrREER A BT OU o ER cemPBraLsip P UG GBiaE e of the
smnuhﬁgmﬁ&ﬁk%%% which are at least in part pre-anorphized
and a gate el ectrode 105 which is at least in part
pre anor phi zed. Regardi ng further processing of the
m conduct or 3 rst transistor
FSPgSose oy el sitbhnephEeinii SiBFEAS,Rmee Fitides for
NMGSOQﬂePMdgkrirﬁ;%rg 4y dTQbé asedlfOr BBandihe afe §§¥?ﬂnetry in the device
transi st or I@i/tgenerally be processed "as
[

behavipi A itha Hfst 1811@1 #ee maswb@mm tlmop,ebl&nddu%thﬂmdé&rence in
cond v%& fe}(ot}e gta}la-]atni%%l E{h%l(%n&[) é)%&! &)ncét{% saf]élde IYIoreover, a

ved

provisien tof th'e tlypebeéﬁhﬂmﬂ sillvide ﬁfa?dﬁ%rﬁﬁlﬁtﬁ%ﬁopﬂm& h)vl&fnesignificant
carried out on only one of the two transistors HOn,
amoupEy pfiollagsi SF@IQ?é‘éR‘FtH’gméfef‘taHeSléﬁlﬁ’érgeﬂﬂaltlh@ e4ubon and the like, may be

Preseﬁg@gﬁ%g«jg%feg%ldﬁl%/ orthi rau?xn@s&ll?eébx%gﬁﬁg ﬁzrmskor a

ahonrmy e-preformed by
respective techni ques which require | ess el evated

techni ues if cess r ex e, netal . Ci .
- disondingn ene JREERGTEirbedimei dab his vRBHRSR | 195 ebig semicon-
ducto? Y& i&E 300D EC hin"iMOS  1@hieer aﬁnda'ﬂheelsﬁc\!&lde‘ilransmtor 110p of the
tenperature, whereas netal suicide regions formed

semidoatiectondgvideatlOus MO dtpmsisty. be provided in the form
of nickel suicide or nickel/platinumsuicide requiring
| ess el evated tenperatures. Metal suicides may be

f Ut tshelilduirthet bePbpyresiatedditat SRe girbeedhssistbr NI1OP and the second
tenperatures to the various stressors of the

transigtonild Bm et o farmpd da closs prexigraleceachjother, wherein a corresponding

1solat¥31 %: %\Ir@?h&tsﬁ\%élt) %’1&%1(}%% glg z{ %g&%&rgﬁglg& g(‘i‘ sophisticated

applicmieds,f or tixalfamei ofga ashallasy memdhr ysdlatidnhe IdeMlhele embodiments, the
behavi r of e first and second transi tor |ces

tranmiti)@ 11 H(ﬁﬁ‘ a4y glatyhéepa?sr:flgsltréﬂggo;%prow ed 1n rent die regions

formed on the substrate 101.

In summary, a technique is presented which provides for a pre-amorphization of
source/drain regions of a transistor while preventing pre-amorphization of a gate electrode
of the transistor. According to illustrative embodiments, the pre-amorphization provides
benefits in regard to the formation of a desired dopant profile of a source/drain region.

According to illustrative embodiments, the stress transfer mechanism of transferring a
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conductivity of, for instance, nickel suicide with
respect to cobalt suicide. Mreover, a provision of
wo awInyes of netal suicide may be consi der ed PCT/US2008/008152

appropriate, when significant anounts of other

stressSitd the RBargieDre gt ©rthédeby isluch aasrre§ionditigltRainCiarthe chainel region
the like, may be present in the gate el ectrode 105

may B dmprovef dYdPEVANtEIEI PEoPeRhIZalP 96 the ZatepglegirasiengAseprding to

r r.
s @fife criah Ak, F pRo g Rk on bl o @Rkl is Hined over
gate ahatublies serdndare r @ndes pravetier frbmt I’melrgelps'm:mdqmizeﬂ The pre-

evi ce 30 PMOS transis hould furt
amor&p\ﬁ?tw i PHSHkna el ALy ba ReliePs d tgetr uilh {bf gate Glcctrode.
Accoﬁﬁﬁé’@o&x@@ﬂﬁisﬁ%ﬂe HPodRenRe ﬂ{eol?)on Id hl% blB[:Ei)ﬁg ThipYant may

to each other, wherein a cofres a i on
be pastlenwdtluraese(plamte stepwimvoirayg ineellpestabil idkat] teahmqeest ypl celfey for the

din so hlstlc ted a Ilcatlo t r
respe{ i IPONE BHEFL PSEPRTEN TRHTGL M HUBE it blocKjng material
may bé 3lfRbAlKygeh nitkdkeANGiORY JFBNlicdRPARERN! Ap‘i)iﬂ’ll':‘a?tio%t 8f the inventive

provided i'n different die regions fornmed on the
techngqugdtas dreen ilbistrated fox ﬁmgkytraralsms laniwglieasi for prbwelityeef transistors,

o R O e

pre-anor phi zati on of a gate electrode of the
transi stor. According to illustrative enbodi nents, the
pr\éarm%r%q@ﬁspa% fenindpOVE desiress i fthe shannet segien) of @ trppsistor have
been fd% éigﬂd 9«Ie @eﬁ %&aﬁﬁ egqg 3514 aft! %f ' %) 54 lustratlve embodiments,
source/ drain region. According 1T
the typebafditieen pvidedebs theesiesdora ks dduptadeothe Itﬁim;l@(for type to which it is

A ansferrlng astress into the channel region to
appligd, ePEIFIE G eRe a{%s?m\@sﬁamlﬁ@ng the0ns QrangrR sPgsanRaY be formed

S0 asr ﬁgéﬂ{‘bnmys glﬂanf?Q\b?qnﬁé’reﬂ" SYRO LR zf%r rﬁ'I?FngfE 4Ris Y} tensile

he gate el ectrode Accordlng to i tive
Stresse m’n @ddfrretnt gxhaacep the- streom ;genzlatlom nn janpEspettivel obaimeh gegion thereby

signifgcgatngl Wgﬁ‘:}%&é geﬁt?%g?/%s%at e 1?1%15?: gg aswﬁ) one type o transistor,
wherélh @REREPREHRL $paler SBMRNEs BF A bihgr MRJeCs Bhansifidr ABy be removed.
patterned together with the gate electrode. According

Othex §trgssh égansfer ymeghanisps gpnjg:@bhem gponllmgtlon with the subject matter
I P | I t atter
discld¥e§” AR 2&%@6 e kflo lﬁcﬂxg of &I% g C(?H‘E cq%r glloy in

a separ at |nv ving we | 268

sourcafigaih aegipas of Qhe tiafsikes P didperdingl eic khmﬁ)xﬁpdseﬂidrﬁ had the elements
According to illustrative enbodi nents, the bl ocking
used n%&r'éwrpsasvvqw&wﬁ%s 5| Welb s ofpYlen stEasseso gesy Psiiasicedyin the channel

regiofl, | c‘é@ﬂagg tfﬁ il ratf%Q QHb%ﬁhhéms glfsfntegselddﬂ gtlé})é? may be formed over

tec niq een | ustrate or sing transrstors
the raspemmld tamsﬂsmrs awhtreimalthe \stre§s-indacisg siagers mayobe,afor example, a

e B RS 8 B e b oy sss

mem&riZa8i9a {eBhiife GhREIBR! ah CRLARIOfstRsd I@MHRVEIPEd NAME memorized in

source/drain regions by annealing the pre-amorphized regions under a cover layer that is

capable of resisting at least part of the stresses developing during annealing.

The particular embodiments disclosed above are illustrative only, as the invention
may be modified and practiced in different but equivalent manners apparent to those skilled

in the art having the benefit of the teachings herein. For example, the process steps set
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been di scussed and are well established in the art.
According to illustrative enbodi nents, the type of
W@ Lr0emss7pT ovi ded by the stressors is adapted tBCT/H82008/008152
transi stor type to which it is applied. According to
forth Gab@ve | haks tbeapdriemeabadh ndifferent RRdGN e FRAFhBMideS ﬂaClem&atlons are
. may be forned so as to exhibit a specific type of
mtenqlqs{rer%@etglﬂsf fsconsteugtion 95 degigm hersy) shovway, priss thgp as dasaribed in the
cla1m§ befow: It 19 ﬂ%ﬁ&gfe %@d&?ﬁ%‘iﬁ% ég}?lc %ﬂocﬂfr{%ﬁ{sac{ %c%‘sedrbbgve may
respective annel region ere Si gni
be altertldadrona@ﬁé@ and hll8ach tszm&fne mrem&ﬁi@maresjnwnmh the aedpefaﬁnﬁ spirit of
one type of transistor, wherein the respective spacer
the méﬁwéht@cw&lnglﬁethstpﬁ@ﬁctﬂnp@usm hereipds ay S5t fqriyinghe claims below.
removed. Ot her stress transfer nechani sns applicable
in conjunction with the subject matter disclosed
herein include the formati on of a stress-inducing
sem conductor alloy in source/drain regions of the
transi stor. Depending on the conposition and the
el ements used, conpressive stresses, as well as
tensile stresses, may be induced in the channe
region. According to illustrative enbodi ments, a
stress-inducing |ayer may be forned over the
respective transistors, wherein the stress-inducing
| ayer may be, for exanple, a dielectric contact |ayer
or an etch stop layer. O her illustrative enbodi nents
enpl oy a stress nenorization techni que wherein an
intrinsic stress is devel oped and nenorized in
source/drain regions by annealing the pre-anorphized
regi ons under a cover |ayer that is capable of
resisting at |east part of the stresses devel oping
duri ng annealing. The particul ar enbodi nents di scl osed
above are illustrative only, as the invention may be
nodi fied and practiced in different but equival ent
manners apparent to those skilled in the art having
the benefit of the teachings herein. For exanple, the
process steps setforth above nay be perforned in a
different order. Furthernore, no limtations are
intended to the details of construction or design
herein shown, other than as described in the clains
below. It is therefore evident that the particul ar
enbodi nents di scl osed above may be altered or nodified
and all such variations are considered within the
scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the clains
bel ow. CLAI M5 WHAT IS CLAIMED: 1. A nethod, conprising:
providing a substrate (101); said substrate (101)
having a gate el ectrode (105) of a transistor (110)
wi th a preanorphization inplant blocking nateria
(132) over said gate el ectrode

Page 25 of 30



10

15

20

25

30

(105); said substrate (101) having source/drain
regions (112) of said transistor (110) that are free

wW@bBo0gadxIspr e- anor phi zati on i npl ant bl ocki ng nMaPE¥/U81008/008152

(132); and subjecting said substrate (101) to a
pre-anor phi zati on i npl antClpAIMSss (135) to thereby
-anor phi ze at |least part of said source/drain

re
WH '5§$ MEi)Z) whi | e bl ocking said gate el ectrode

(105) from said pre-anorphization inplant process
(135). 2. The nethod of claim 1, wherein providing
sdi.d subsiatladds coPiiyingonpri ses: provi di ng said
substrate (101) having a gate insulating |ayer (106A);
f GFaviAe YarEte (Bt ode material |ayer (105A) over

sai : iy Y10 b oL / ' ]
e RGOk b U b R0 0T HEpSROELLI0) it 2 pre
sai d gatneorphizetioro dmplaat erlocking ayaeridl 1032) ;ovandaid gate electrode
patterniB _sai d pre-anorphization inplant blocking

mat er i dil 3532) and said gate electrode material |ayer

( L8RPSubiRa@S10P) RIvaYd SGure@tiMifloforR! (@€2Y 0U&id HARJistWE {10) that
sai d preanorphization inplant blocking material (132)

over sairefrgaoésad poa-amdephizag6h implantilecking hoterod (132 and

2, erein patternin i d pre-anorphizati.on ippl ant
oisbiEFEE R Sie d0) 7o b Bt Rg il dPREBESeESs 135) 10
(133) aHekbs %'kéialﬁbﬁﬂﬂi@z&ﬂbdsl bt @R shidrbaste/dPhiAGKEiBAs (112) while
material (132), said mask (1ﬁg? bei ng positioned above

sai d gdtlecking seidogate( alegyodealdS) draini saifl Pag-amorphization implant
pre-a ' iQn i nplant bl ocking material (132) and

said 33%2&%%2%% ode material layer (105A) in regions

not covered by said nmask (133) so as to provide said

gate el ectrode (105) with said pre-anorphization i

i rfpl ant BiedBRIAE ok glelnlatherepproyiding said subsiate (101) comprises:

el : (dLQB [ . i i
RSl AL L R e Al X e
THermiegho gatef elekcabde Inaténialt hager ClFN)i evengsaid gateaitsilagng layer
a dopﬁgﬁ é&42) in said at least partially

pre-a B “ed source/drain regions (112); and

arfeRRink N GaRkP prt- SAAGPRB/aHbR | iplR08ibltkidgl ddterial (132) over said gate
electrode material layer (105A); and patterning said pre-amorphization
implant blocking material (132) and said gate electrode material layer
(105A) so as to provide said gate electrode (105) with said pre-
amorphization implant blocking material (132) over said gate electrode

(105).

3. The method of claim 2, wherein patterning said pre-amorphization implant

blocking material (132) comprises:

forming a mask (133) over said pre-amorphization implant blocking material (132),
said mask (133) being positioned above said gate electrode (105); and
removing said pre-amorphization implant blocking material (132) and said gate

electrode material layer (105A) in regions not covered by said mask (133) so

as to provide said gate electrode (105) with said pre-amorphization implant
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5. The nmethod of claim4, further conprising: renoving
sai d pre-anorphization inplant blocking nmateri al
w@ 2®2)p9578nd form ng a nmetal suicide (114) overPERUK2008/008152

said source/drain regions (112) and said gate

el ect r asdeckid®materfal (3% ovet baid gafe @batddel(105stdanid mask (133)

conprising fornmng a sidewal | spacer (111) at

si dewal QVT 8Aid PEG-eMeEPhizaipa implagkblogiong material (132).

subj ecting said substrate (101) to a preanorphization

i nplant (135). 7. The nethod of claim6, wherein

forningnﬁahdhsddémhhhlsﬁﬁﬂEfc@nﬂﬂﬁmgincludes: form ng
§E$emall pacer materi al e 1393 over said gate .

el IBP{AGEE § @%ﬂt (3 pdersest Pﬁ fﬁ@stawraﬁ ¥% 85 yppiPhized pource/drain

process,(ilg0)1 109 Qi sotropically etch said sideval

spacer terral layer (139) in order to provide said

sianeeding sajlaswarce(drdihipgionh€rl@).n sai d pre- anor phi zati on

i mpl ant bl ocking material (132) is renoved by said

ani sotropic etch process (140). 8. The nethod of claim

65'furth%Hn&BH@Bféhﬁﬂ4'HH&@FE&BEnﬁn lopant (142) into

said source/drain regions (112) and using said

S i rciepming sexdauemn(orllM1z)tlcamnanlmbbCkowg yataealdd 3 2)g and

desi red dopa r.of 141 aj d source/drain

- GaBE (R SmGla e LB, ke Sent SRS BGRAPERRS (1) and said
Si devvaléatcsaa@tﬁfde((lai)l) is separated from said gate
el ectrode (105) and said -source/drain region by an

intermediate liner (109). 10. The nethod of claim®6,

wher i Nl dsh d3Welily PRARRL. éénlg%&qg %%%f@fg 2 Yflewall spacer (1)

insic stress in a channe
at s1®ataﬁs aifewid gde £18@)deld05Y héenstitjocting§ said aubdtdate (101) to a pre-
urther. conprising formng a stress-inducing |ayer
amor@l‘ﬁ)ono‘ma%él%ﬁ)t ransi stor (110), said stress-inducing

| ayer (117) inducing a stress in a channel region

(113) below said gate el ectrode (105). 12. The net hod

of7 cl ai Thelrb¢thothef eliaim 6hwhelteireﬁxmiir®lm®d sideway gpac€rl(1T)) includes:
is.a dielectric contact an etch stop | aye

) Jotne Sradoa oRceragiruial oer (i Bbeusippsic plrgurode (10s); and

I §J¥Rr6k M thglars hkiS¥@dpic %%Cﬁr'bcéss 1340 ﬂcor Qfﬁoﬁﬁ‘ipﬁaﬁ?te@ch said sidewall

el ectrode (105) before form ng said stress-inducing
| ayer (spma)r matqualﬂaeemﬁﬁﬁmn @rdeasltmmmde whidrsadewalbsphcer (111),
source/ |ons

t
r egl on ¥ e&el& Sralg %resatr? 1z tl%lhgﬁ%l t%lgc@l%g%%‘taiefg ?gﬁ) 19removed
said trmi(sirﬁgot{obwétcbp}@esgdmopat e el ectrode (105).

8. The method of claim 6, further comprising implanting a dopant (142) into
said source/drain regions (112) and using said sidewall spacer (111) as a mask for

generating a desired dopant profile (141) in said source/drain regions (112).

9. The method of claim 6, wherein the sidewall spacer (111) is separated from

said gate electrode (105) and said source/drain region by an intermediate liner (109).

10. The method of claim 6, wherein said sidewall spacer (111) induces an

intrinsic stress in a channel region (113) below said gate electrode (105).
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15. The nmethod of claim1, further conprising: formng
a cover |layer (143) over said source/drain regions (
wai@prossneal i ng sai d pre-anorphi zed regi ons (RGBYUS2008/008152
wherein said cover layer (143) reduces a volune change
dLJla t 0 Bl thethod el dldigh Of fusdief compriciiP TOimingd $tRgs-affucing layer
(1 - and renoving said cover | ayer (143) from said
(117)S%YFF09@)(HFf8PﬁStP’éé1 s sqid 1pmess-mglucimelayern Hdd) dedusing agstress in a

r e (101) conprises
Chan&e@tr%@r}gcl? g % ?%9E@Cé% lp?tpe transi stor ( 110n)
and a P-type tranS|stor 11 Op), with said
%da phlﬁgg{ |nplant bl ocki ng material (132) over
e aethad gfedaim ddy voherein; thenstisppanducingsilaep(147) is a
istor ( 11 OQp). 17. The
(hde&QGB&g%gggﬁﬁ ?ﬁge%%egﬁiﬁ2§i wherein: said gate
electrode (105) is a gate electrode of a first

by, <t B0 CRlh; b rhensorgpTsing SPSPving hsidepal spacer

(111)(fm)sa1d?%tedele°éﬁbﬁ% (PO He?&é%oﬁm{%%détrgﬁhﬁdl%l & id 99'@17)
(105) of a second transistor bei ng free o# sa
pr e- anor phi zat i on |nplant blocklng material (132); sald

substr 1 a ur ce/ dr r ons (11 f )
S ol erpl LR R Sl el Y18 comprise a
stressr—ﬁ@hélﬁ rééﬂ;ﬂ)m@lﬁmﬁgﬂ |adstﬁ';%§ QNehdnhalN fdgddrP (1133 14) sdd@ itRdsistor (110)
free of said pre-anorphization inplant bl ocking

belowfhegategleqnoglpY10Bnd subj ecting said substrate (101) to
a pre-anorphization inplant (135) conprises subjecting
said substrate (101) to the pre-anorphization inplant
(135) tThdmethedyf plﬁaﬁnanﬁrrpia't Zemplisihgast part of said
source/draln regi ons 112) of said first transistor
( fomingaroyss laygre(éé%o‘ter aﬁéusgvr&rs/d(aﬂ e9gionsy@d1Akor phi ze

at t ,Qf t C e
SmEq BAN olns Ryl RpELECtBIou At gl S84 lner 1)
el ect r addudes 06 voluimes ghahgdei dwt td rsaws amtealing Iof O3aidviprdrembrphized
pr eanor thagtgg. 8. The nethod of claim 17, wherein

one of '§&1°8° 3 ansi stor (110) and sai d second

t r@ﬂx%bﬁ%%ﬁld(colaépl)ayéxs(la@) fof¥as §oh?dé$dr§ﬁ1%g16ﬁéj(1tl}29
0

ot her said firSt transistor (110) and Said second
transistors ( 110) |s a P-type transistor. 19. A

thod, .co Nng _S§ er i n
o oo/ THARURRERBRE 1 s, N ERTb s gy pmrise
gate ep?awae& (103) pf &n NHe tmﬁmtbpa 10h) ﬁucg@myﬁd @aisisestq 1 (35 Wwith said
pre-aglorphization implant blocking material (132) over said gate electrodes (105) of said

N-type transistor (110n) and said P-type transistor (110p).

17.  The method according to claim 1, wherein:

said gate electrode (105) is a gate electrode of a first transistor (110);

said source/drain regions (112) being source/drain regions (112) of a first transistor
(110);

said substrate (101) having a gate electrode (105) of a second transistor (110) being

free of said pre-amorphization implant blocking material (132);
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said substrate (101) having source/drain regions (112) of said second transistor
(110), said source/drain regions (112) of said second transistor (110) being
free of said pre-amorphization implant blocking material (132); and

subjecting said substrate (101) to a pre-amorphization implant (135) comprises
subjecting said substrate (101) to the pre-amorphization implant (135) to
thereby pre-amorphize at least part of said source/drain regions (112) of said
first transistor (110) and said second transistor (110), pre-amorphize at least
part of said gate electrode (105) of said second transistor (110) and maintain
said gate electrode (105) of said first transistor (110) without pre-

amorphization.

18. The method of claim 17, wherein one of said first transistor (110) and said
second transistor (110) is an N-type transistor and the other of said first transistor (110) and

said second transistors (110) is a P-type transistor.
19. A method, comprising selectively pre-amorphizing source/drain regions

(112) of a transistor (110) while preventing pre-amorphization of a gate electrode (105) of

said transistor (110).
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