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WO 2007/ 130241PCT/ US2007/ 007844 AN SO TRANSI STOR
HAVI NG AN EMBEDDED STRAI N LAYER AND A REDUCED FLOATI NG
BODY EFFECT AND A METHOD FOR FORM NG THE SAME
VBATHGROUND OF THE | NVENTI ON 51. TECHNI CAL FI Bc®usz007/007844
Generally, the present invention relates to the
formation of integrated circuits, and, nore
particularly, to the forntion of transistors having
strai ned channel regions by using an enbedded strained
AN SOL BR4¥SISTOR HAVEVGAN FAHEDDERSTBAIR HA YRR ANE ARFAMEEP FLOATING
char ge @y EErcaIoiND AMETHOL PR EORMAREG THEFAOIE of a MOS
transi stor. 102. BACKGROUND ART The fabrication

of I ntegrated ghERUREINRAHHLERIAEERr TaLT On of 2

| arge nunber o ven chip area
1. ZECHNHIMGTIERD 3 specified circuit Iayout Generally, a

e iFadly, itte pregrnt ipreoi@sdatisac hn @)Irr(ygp:egf intpapatad pirpudt agdy more particularly,
to the foMa@&xtdf Qﬁgstory\ﬂﬁrng kthined QnnGIQEInENy Bink Gakntbedfed Sl 188 in the drain
and seurfe rg A gg 4 O gﬁc’cc‘cs’ o & ca‘i’nteg)x[n?lglﬁy ﬁlmcgl'?auée@ ggltnh& all'vid%q_rans%

0g urrently one of the nost prom sing
approaches due to the superior characteristics in

2. BASKRCEBDUNDRRIher at | ng speed and/ or power consunpti on
a*ﬂedf’alﬂfcatia@sﬁm@fr;fmd&kemcg,equuame iﬂg‘:atxdﬁe:afﬁ Gdpgeingalier ofivir@ft elements on a

given ch@&m ﬁ&r&u@t & gsrsagc%d Q:irc!‘uﬁ lﬁlytnﬁ Qﬁhé?egi Cz[\maﬁt? ch Bx@l:e&@hyolmolognes are

current!y%ﬁtmrsg) r\]\?ﬁlenﬁnr;], ef?r nym%fﬁcsmrg 118;, suIEheas mmr]gpor?cessgg stoxtaé %%Ei ?{g%ke CMOS
technolopis [cprerptPrg oty SER PIPIRRE BT EEHAHE POPe TESeY ShagepsSs = view of
operating $paedSididr pFwer ¢onueep@ehd/areosbfifiaiinet Haringhe hprichtign plepmplex integrated
circuits Lsfr@ @Jc%t tMhindMey. amiffo R iaRlstols ) i) N-BhdE] tlafsis®BNBE Heah) transistors,

are fornd np sﬁ‘rgéate clﬁmghf gryamn'e %%Edu%&r ia@@’t Abgod QJnM, QXsp@:ﬂve of

I'nterface o rain _and source regiqQ
whthgp NP FYDBPEB WA ISP P SIS0 A g motons s
are fomﬂg«ebmewerfahpeof@rgaiymowég!rawnémmts FrEiogOCRE ’F"é@?'b fped channel region
disposed IR ARARGEnty Bf sobiberegdnannel region, i.e., the

drive current capability of the conductive channel, is

trol | ectrode f
Cl"gn?ogcﬁsctaﬂa OP % %Frgv,?l é‘gg ({enhg;: ef.brrc(r%ig\rerﬁ %ggnt ca{p'ﬁbnlqg‘ gf tgc iom{ﬁctl%@ﬁ%slmei is

. controuqdayesaw emhtede@m et e t:*ymclfrewe%ﬁ@ﬂﬁ%féﬂhefe&@w Bha thig wﬁatmg layer.

The confi@fivIR bf QA ct@neBregon dite trirmaios hhnerefiucti@isbentad, duh the application of an
appropn@tp Q&d&r@la&)ltéﬁ@ t@'the Al cldsro®d) PEOAL bR iR GRt fobdendebd, 8 BnobiBity of the
majority cpar%agat & e arg?vglg exthgg eqril ql% cl%HneI hﬁorﬂiﬁ H@Q—Lns:szor wsdth direction, on the

jorit
d’s‘*‘“"ecbﬁ?"ie?“e‘n“‘é S‘ﬁ‘FF& ““‘f gring “’@‘P‘i?’eﬁ[“é&l";ea}fglrﬁﬁm f“’talﬁé‘:}x'/aé‘i’f’é\i1 %{e Hlence, in
combinatieg Nt naptiiiy of snslvsrenned erprcter SemHolowole bftting layer upon
apphcatid:h o @aRGenRELMRENtt e 510 Llctedgntt el Nohd@givoN S| thatvhahel region

substantiaﬁy @le%gneg @1{; Sgrfoﬁxgm;egf asmeh @‘Q@@tlorsl ﬂﬂ&tﬂtl redﬁ&ﬂ@@ﬂthe' cfnnel length, and
assoclat%i tHeb&)vét? the redu non of‘ tthe ch an rcfsﬁuvuf{ cndlers ti?epchaqnyl !gngg%t do&gmlﬁ design

iVe“channel atin upon
criteriondpypoppptishiggin FTrethH & "c"cﬂﬁfri“ﬁ‘ﬁ SR7Rs! of g nepig H’e“‘éat e
el ectrode, the overall conductivity of the channe
rﬁagj:da{humg Qn&kh@& b dadid dRERNTaRES dhbfinpand ol FRReed Gbrewith

that have %c a css[:cr s%rg ksngpunguly c-)rfﬁsgﬁhe aﬁv gta% EM&eﬂ 9 Stfgig]l); Jé&easmg the channel

assocl at e eremth th F at? b of
tensth ofIOF assiepf *é°F the gutRiops i {paucion R By §“'t°Hé“"beﬂsé‘iﬁ’ﬁéf FRGLH®

the trangistphg ieqasitites s kdgetation jand pesgiply filsr neycéesigpimiens mfﬁ’gsh‘é(rFOmPk’x process
techniqueed) G IR@SE:n| popbhee O PIed adhhig 1B PARG] Oondubt@ity B @gruatsttr elements by

increasn% tﬁecéﬂxr%cs carrieh oY tul Ay 'cxﬁ%eﬁ%baﬂ K)@g %wgf a1 lgzrgaxn &bralnyffenng the

%g%ri%ﬂ%e&omangc lmproeementaLat 15 compara{ale %vlijtg 313 v‘g’.nocg ﬁ:qgre technology

potentia
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35 that have to be addressed so as to not unduly
of fset the advantages obtained by steadily decreasing
the channel length of MOS transistors. Since the
voorbi/mopus size reduction of the critical dipoRRSkanNs s
Le., the gate length of the transistors, necessitates
the adaptation and possibly the new devel opnent of
hi ghly conpl ex process techniques, it has been
proposed to al so enhance the channel conductivity of
node whitehpoifling prsit doee posgiopinemeny 4 yhei wrblomp SAiere &vith figrrgeess adaptations
associate itk d@Mice FRIAAY. | Dyt dfftidhhRecdiigin®et increging thefcbargeacagiey anbility is the

modxﬁcatgnp %ptﬂne‘athl,ee:ﬂgcttd?e mtdré%ﬁaqm re@tt)fl Qt;r uﬂgnct‘: hﬁcx‘éﬂ@ﬁ’g@t&%m dr%m;fr@fwc stress
in the vrcwlxt{r P]fet 1%%19;2% 1011 to uQ:Caecol {1%5 am “i tsub &gm\}%eg%g r(pl@t!‘hqglﬂ% ina

ance Yo afu
modifed PO TBCRAPPCH WPOBPICEPE AN SR *’ifeés“’a?\%fi“di“fiﬁ cgpneh fesion
may incrda@aiB mploisy pOiRiengheman yroaifiing Hie ppentib| forrghaetieobmpapodnagiof Frivpe
wransistord, h’?he:ﬂﬁtﬁ@t%ﬁ&x ARG FHslr@K EnpRASSAL Indl lﬁténg&dtck}clﬁiGbﬁneﬁon is an extremely

I e eosr al i e ered as a
prom1smgciﬁ>groa0%9'or fu%grd% Ie g%:!le?aﬂgnsr@l%p?(ﬁ §am;)f tr inJA%ﬁ @&S‘h ] EJF.@& d

e carrier aiono t.he

“new” tyP%lf"E feeié:oxgifx?tﬂci?amnét wﬁ.ic!ii ﬁéﬂy gwglﬁnﬂéel abncatlaoa i\ fast Fowerfuitsgrﬁig%lductor

devioss pjthaet arining wemETd ecrpongusivpr Bawhipe WEHY @8y |¢f hfevell-established

manufactWing kddhdighesGiay tthibe @ftannel regi on to produce a
corresponding strain in t he channel region whi ch

%Fegolég ?n 0'82 E)ngi Oflci ﬂle lhty oq'l PJI\)[ Sy trafns?srtors (! gx&igncgcn) f@rgqlg a strained

npr essi ve St ral
silicon/gempniupyelaxep etrait @5 sotpe ﬁﬁgﬁnr 3 R P E T rwméir"aly srained
drain andOhr@Segitnls erdyraip irotwé diangt siliven potreitdial Th dis b ifgrsinmgd source
extension rlgﬁong ef hOPVBEH 6&sifbrs Be RyrR& (Inrtﬂﬂﬁh§$fﬁrfrﬁmplaﬂ&eion Thereafter, respective

sidewall spg%errsodgeu&i% ga} t?%: Ea? £1%§€deoa£ rcailgl%ﬁ'lﬁfll Sﬂ%gﬁf rgr%g k‘ g déegtdpdm and source

fucions P, S EEIRERT PBPITHPEHEF da01 BdmgBRBracT G does dain and
source jugptivee  thefeoresient s bolestivsly rredertedi bas¢d proen Sﬁ'&‘y““ teacerp il dhegtMOS
transistor@ Sre AnasiREWSutlsyperiafa 1B epadiiebOtermmherinat is stiicly frayed in the

PMOS tr%%@tm iy e})ilﬂlglalf Mi’l Qaﬂx{q% @Irpla‘aﬁ‘ys the ROMVRE g Wozﬂ&%ﬂlaﬁﬁngb&‘é%% with a

certain d%fgéefeeq(}leé\lfegf'?l Wt %ﬁtgne{x% uroivhl L{< t%nr§ Vehcs g(ﬁl B(TPP tglu&‘ttger desired

strained Wﬂ’ugtﬂt}@l}f’“{ Wnﬁié{gw aqsd@giatr?aymgets? fol foﬁ@n%‘éﬁal silicide in the drain and
source redib@rt@fobei@ing b fdigatcoay resistates. Alrethh glleetivrpiivibipropespind EipiBEgmation
of respecti ‘[‘rcacﬂacrlh §rIdQ>En§ce| 1Sei &0 ARE RAhDYe! Tt@fsiioR @n BreShdisadf R@Fentional implantation

techmquefs ealéz annea pg)ggsgﬁ érl‘&mxedwa%[waierhoéa\aﬁ anQir r@k@sﬂﬁ‘iﬁg n‘?b%lﬂ&gcﬁ mduced damage.

transi stors ﬂ unpllnetz?as.’r!a aisod\{t‘fusm
Marcoues (A4S B CPPI PSR T SR SO LI AT SHEBFREPE" et & e
thereby fodvéngaelpat @it ighdiprs onsidhthnveined %‘g}P’éwm%mtfﬁF%ﬁ"é ri’dh“’ fhﬁ é‘ha"e'“
silicon m8te@h.N and source extension regi ons of the PMOS
transistors are forned on the basis of ion _
glg:g ?gcguema dcaﬂ¥ :Il;\l;lﬁwgtrese z? {ogrgsrg?ndme?% %E%éanﬁ%&ﬂ?%h’!’refd%p QB £ §i1bstrate
101 durig@frgsprictiyegppeg Proptie! e B P oreing 5‘5%‘51}?%‘@“3 e "b"ﬁg"’%i’ﬁ‘&e @ gate
electrodetl@inoadia a sglenvatlispheerismuctird 186 avd frmplinachiy rnpq&,zgrms igigg H05 that scparates
the gate EEckr@e 16D5EREbda) FeFRh 1 @Nn Ghick REonBRER dlinadl MapRGld SPUk@@pplying an
approanb u&)ﬁt‘éﬁ!l %it%%eﬁé Higéagee &&EF&W@; aﬁcﬁac&@ oetﬁé ﬂoﬁﬁleymx{ %Q&%lﬁ%ﬂm regions 103

may be IGpEFEY: SRS 4P B PSS B o Coorg e"hi" Shpye qepEgn resons
103 are fgrinkd loghty lgéxpniasniim#ﬁ'ilay@?m’ia@“%@B'&‘Lﬂtl%eI y for rred in the
PMOS transistor by epitaxial growh techniques.

:I‘FIY(aq{'aﬁ@Jt(Jr Yoo rliﬁ%e %%é'alog @Q b§é|s| o|f %Désggﬁsﬁ@ Qdc?&mufs ds arevxously described.
I
During G ERETR G CG PG o B Sy e AL e 107 ey

consunption of the deS|reqzstrained silicon/germani um
material during a silicidation process for fornmng a
nmetal suicide in the drain and source regions for

obtai ning a reduced contact resistance. After the

sel ective growh process and the formation 25 of
respective drain and source regions in the N-channe
transi stors on the basis of conventional inplantation
techni ques, an anneal process is perforned to activate
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The transistor 100 may be formed on the basis of
wel | -establ i shed techni ques as previously descri bed.
40Duri ng the anneal process 108, the dopants in the
vexewsioon regi ons 103 and in the strained regiraRsoldhfsss
may WO 2007/ 130241PCT7US2007/ 007844 diffuse, as
i ndicated by the arrows, to finally obtain respective
PN junctions 109 that are conpletely Iocated mﬁthin
the silicon-based region 102. Thereafter,
diffuse, ag jridicatbdley PnBTOvS ROy PR tseefte AR dOTFiRnt HE “@k@éé@“mw located
within thp Gilitdn®RSd 1Qi6A1f thhearst, kaienk dliddel (hg omvgemealy fammed in the excess
portions foegloptﬁl§st1lggd ﬁﬁ&f%ﬁlﬂaaﬁ ihe regBhE1 08 LRGE O JOdbdO Mm4toh the BAB oBwell-

bl.ished silicidation techniques. 5
e“abi“‘hafiﬁ’ll\é\ﬁatm%técélglguef ‘echni que may provide significant

advantages for bul k devices where the respective
T prodegstedhoinuer Beoeirwide grietifieant pdvaritasesdios Py dwyistsguherpatht frpRoctive
cavities tPAERHIng khe BRheDBIIBH ghemlinaaRiRribiiag bt Ahe®dek) DO MeSUbStstat®: and

the PN ju&ﬁontsh‘(% F‘.))IN pl:)ss’iltﬂﬁ{dl \91[&1%1 H{@¥IHQZ}% rga%hlt 'Lll@r@ﬁﬂprg\dulum l@wt!g@age Junctions.

con"nmaterj.a

However; 'UFI‘E"[S 16ﬁl§at f‘1—|6’v§%’€} 81)-111511? tor?%?lgéeg%%t rafcgy ?n oy el?csgtgﬁment due to the
limited ﬂqupq:sg oftbosticpniarer alderpcrc(assg ﬂ?at’%mdb étgecls thng:agsesfoéﬂrélgyctwtmout
additionaD@d) esGetedrt toadient., due to the 10limted thickness of

the silicon layer and increased floating body effects

W']vxe%];v of rthaéré]agovg %e%gnbg‘c{ sglt]alugne %ex%ﬁa? Sts Mete!i] Ry !m 1%9:‘3%%'&@“@({11& Q)Q g)Yreasmg

I S P PopiPRE e
or at leasi POy od ot eohdfitgaevi-gentifipbredesisng t he performance of
SO transistors by the use of strained sem conduct or

materials, whil eﬁé&%@%l(ﬁtwﬁa,\g%gl ng 15or at | east

%?e%gﬂ%&%p%&gﬁg%wg -ﬂrﬁ%umaw o?the mventtc}r]n in ?ercgle::r }O]S)La%l e E l%)as:c unederstzéndmg
of some gspeitygs] thef ireeatiosy rFive SYITEFY 11t forFRetivo AT ot d‘&rm‘teb‘m It is not
intended rafxoaxmjaeﬁorba&alezleuﬂdecrfﬁea:ndnmgoroﬁ ddione taspecbighegiivettipe Its sole
purpose is @é’?&%ﬁt@&nc c-gme§s QQWMCJ SmiRta p@enjdgﬁ)hﬁﬂrﬁ(tré VeRail O/ @K bR that is

he invention. It is not 20 intended to identify
d'swsse‘wév or critical elements of the invention or to

del i neate the scope of the invention. Its sole purpose

Genetaly, He@semt ingaive isGirpredpd stedhniqee Wil poYilds ewdnctdirepfprapgneg of SOI
t:ansxstoxrs) rn%llddﬁtg al @aih & AR RGBSR cheRialdia SRS lefpldiOd dbaiiaid isGice regions for
creating CT 1Sc§1HrSe dsgrax E}R %(e c!h%u!gle {-e%loln ywhc';'fh? :9 rc§n§ ea@[;ectlh Ell\ée&trésg&ﬂn@ strained

mhcon/gﬁ@fu?w ﬁ‘ﬁtﬁr(’,‘”é Lsocha%n % FPé‘ﬁ%,‘?’ éc? 8‘? gate ﬁlgcitroy aﬁorcover the cf‘fcca of a
floating kridy.joe omicelrenmpitu inatrélly dtplded SOhEFigep ev&quv@dlawa} ‘i‘?déi‘f’éﬁ“‘s
may be SIQUfiARIY RGNS ;foéiﬁoxﬂ&eraﬁdnwg ofl teegipbatiedd 1S tiyngtions withig ke strained
s:hcon/g&gm&at&%g |t%91@by Mé?&giﬁé fle re'sﬂactggﬁmﬁﬁp ﬁt%gc tihe silicon/germanium has a

valence ?agd 3& cP otn aﬁ)lprg matcl}rl 2:H)On rlilmo{ts (!,o?ngzu*ecﬁttearsr H1 GWLg‘gaSl% tiﬁ: §espcct1ve

ose’ pr oxi gat ectrod

bodvfdrawﬁwéweqde ctfe %Y PROPENGT Sk GAPFRB BBy AL By Pyl
accumul@ing OUMt Epeids bwlypaavt teahdry cificplitie tdischa@al terchn gknficantly reducing any
ﬂueshoid‘%oﬁtklg@ Wk riaRekd] tAcQﬁﬂi{g D Qe aspRN PAGLS ionE By BE effeb@ytily fibre&ninl syrained
silicon/| gcjerr%gnlil (%ne gnatlgé/al 819 ﬁlle tolzs%rgf nrgplﬁxtaﬁgxr @é!:hgﬂuegfcoﬂ@%/ o %Mﬁ)ﬁa\/ ﬁ:clamues in

I Oons
which, due to expected d;fﬁcu!tlcs thh respect to d&cct generation, the high dopant concentration for the drain

and source regions is incorporated during a selective epitaxial growth process.

According to one illustrative embodiment of the present invention, a semiconductor device comprises a

silicon-containing semiconductor layer formed on a buried insulating layer and a gate electrode formed above
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30 silicon/germanium material, thereby increasing the

respective junction | eakage, since silicon/germani um

has a val ence band of fset of approximtely 100

W Rdorvawktis conpared to silicon, thereby increasisngrtideu

respecti ve body/drain/source diode current and thus

junction | eakage. Consequently, mnority charge

carriers, typically accurmulating in the floating body,

may be nore efficiently discharged, thereby i
the S“*C@rcg'i*’i*?"ﬂi’&: sqeyduFEy Béﬁfvnﬂ%ﬁﬁ‘y“‘f ﬁ?‘é§'r‘f8f°&e \'Fofe{’aéf’geé‘ therefom by 2 gate
insulation/iayot. aith: @mgeondhctootedbafyitonmessasgeed] s fraeit ¢ tivyalhajhe gate
c!ectrodcbiﬁd § tJa@x@J éxl%%h/ﬁer&:ﬁxﬁdﬁﬁﬂatér@l 15t isabedind®e SinlcbRNN: PS¢ ABRMekt NG the

sidewall spac r II\?ore Ver, a t;I:h"am re mﬂs an%f LOGBE %Ioﬁtat'e E}nﬁe@%x‘ﬁhlﬂru\%ﬁun the stramed

con %o’ conventl onal ues I N i ch, du eb
sbcon oSSR RHSTH] (TPEH 5 B8 WEIoh b Rres  Ee et o Nloaime bocy region
therebetvggn dhadriio md st righardbpato o rfe@reereivANfptioptydth the floating
body regih, AhEciR AFbrERBE HEPK RGIIORSs 1bcSted WEDT POtraibadilichilzbrignian material.

sel ective epi taxi al growth process.

g;;:cg%rgxg:fon %ﬁ eéhl ugtgaﬁl!el lalézclé '%%E‘Ibf\rﬁ % d’getg;% My n?ontae m%%ofg%%c%}pgéeg foax:mmg a
recess adjOg Joj CRSIT-ksoPrIAPCHY indie oAUl Shect IR arERiFEgRogRlayr Bat s
formed daUa bueieh innsaltih@lab/eﬁg 'ﬂhaytemocafudhea cqatiess ddredk rnottand gilippmitermanium
material ﬁkt)lg\ﬁ%ess V@ngQQZJe 3&3&2&; P C;Eé M@&Qgrzlﬁgg&ﬁﬁﬂw&lhethe gate electrode structure

on- cont al 1.n respective
by an ien mip‘antatron é){occss LAY AR ogeQJ] %H&%ﬁ) fhe FQM%B so\ﬂ\{‘éﬂegblﬁ dEfﬁ@ pect

rode i's_sep rae ere rom n
PN Juneopi bt PO S EEEOT B ETRT OP DY G e T s b s o
portion o bRV juswignsas lgtatié withih the praioelsilif@fgmegnipn mateddl dewal | of
the gate electrode and a strained silicon/genhanium

%ﬁfnh @Jl yc@ ama}ncr lllﬁtsttagvge@ﬁgodln{énttoh fhe &@J&L&IQJQQM:Q |4 Qafathéd@}tfrﬁﬁnses forming

a recess ?%Jﬁ%gﬁna;%%{aggc%ogﬁ?ugémrf gm Ilucgr}%p aasr;cgw?ll slpacer w%hm a{bem c?n)c/iucior laﬁe); thatﬂ:s
formed op jsduriet fingilptivg 4ger. §Pr|tﬁe’@eff/ yeptrted miirpafee PRt Mol 8 fqgoed in the
recess atdNBer@dft@i aset@ g isBdinca Ricdnizgemsdur oateriad geranisidie f iPrige glopant material is

formed Jn tl%%ét thatrQ@ QM@@%M;A RasLeb el WeeHore, TRE £d Sufe &Rdsion regions are
ur.ce

d
formed zﬁﬁc({ tu H)C(E:T g I?actxioi;l]e ftﬁ' r]g?% aa? 90nai§r1g}aatatg)§ rc{gg’ss LS e&&éaygrocess is

er el
performeg 5 TS eopIFAYA PRI HER GGV Sy PP § TP Pl PN Jonctons

is tocatedswithin smgekd silitanombger metericim mat erial . According to
another illustrative enbodi nent of the present

i nvention, a npLAGGGREMSQbIl AR 10 recess
adj acent to a gate elfectrodée Sstructure including a

?!ledin W%mn maQ %ng er[df:rwlodcgd %Qef%ng'eetmm% %Q%% ggscrlipﬂynetgkeﬁ rx]lQBnJl!lréuou with
the acwrﬁf&rst%é’.fawe@ﬁﬂr PR SER G E “hivaiRLE Srrren ‘g‘é‘r“‘r’%am um

material in the recess. Furthernore, drain and source
FREE 0RSedtieall; 0hiRas arlpiatentandser tnhdufat:@Epehiet nrcoekaectional view,

wherein Sdt dud ﬁéduglﬁ:oggerﬁﬁudnp Ehaaeﬁmllﬁ%aaédoﬁd %Q&@&SPI@G%CMS alrdrleﬂ{ed by
out- d:ffu? %%Ele ?’ut p\?\éggmt thcrcg ns%om% ']?“F] respe]gtfvc Ip _]unc?%lo gmgple(ée? lmrhﬁn silicon

Uhct Pons oati‘ng y re
material ﬁfﬁﬁdlméﬁfé‘l"??“t”ﬁ *#rgHi and source regions are for rred
such that a 15portion of the PN junctions is |ocated
Wgﬁr@ i:l-ztf BBe:Sdiib Ml ARSI choks CRALGE HiBRI B CAANSOBREMidiad | with a floating body
region dlfrhlé vanous 19an¥180tX|% ségegtacbzgrdmé lo 1%&3&:@4 é%%dlﬁlgmso(g Itm&genpfnventton in

present 1 nvent[on, conprises formng a
which dcﬁ%%’@%%"déﬁ’j"‘ﬁé@ﬁ’f‘s ¥ 0’3’36%‘%“ ’é’lp l"i"’&de structure
i ncluding a sidewall spacer within a sem conductor
Fawey 3at3i adherhicAllg iRk cQRsBsebidial @ehwd $F3u[Sat irmgstbragiB . foating body
region dfr“x% Lnﬁﬁmgngfhc%ngls{a&g vk iR iR Gk ki CRNE SR R MalAL is positioned in
erial is formed in the 4,20 recess and thereafter a
second strained silicon/germani um naterial conprising
a P-type dopant nmaterial is formed on the first
strained silicon/germanium material. Furthernore,
drain and source extension regions are fornmed adj acent
to the gate el ectrode structure by an ion inplantation
process and an anneal process is perfornmed to define
respective PN junctions wwth a floating body region,
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The invention may be understood by reference to the
follow ng description taken in conjunction with the
acconpanyi ng drawi ngs, in which like reference
mmlﬂm{isﬂl dentify | i ke el _emsnt s, and i n whi gleirus2007/007844
30Figure 1 schematically illustrates a P-channe
transistor in a bulk configuration in cross-sectiona
view, wherein a strained silicon/germaniummaterial is
provi ded and respective PN junctions are forned b
close prag ity chi tff chimihai gpsiohen (e agiped adispratvle spaedi a6ty iapre itk Y“t‘)‘i’f?‘/qfi fustrative
embodintR€ ah€Spective PN junctions conpletely within silicon
material according to conventional techniques;
%?ggflgg‘g["gg%hg‘%%‘gﬁ"y 1]ﬁzht\1eﬂ%rgai%(%s£§%!:tlo ]el ér'l %‘:‘lggbfnmsnstort ith g floating body
region, ifi (jglt 4 mariohd i PREYICESs HLRerefgviRiatdngd stheg B aeofugy gl on the basis
of in sinBdopigesd ACGPiopHaRGndesl prdckss Sdcrdibg v durgeriBideratrerimbodifents fpéthe present
inventio €S€nt invention, in which deep drain and source
regions are formed by ion inplantation;
Fi gures 3a-3f schematically illustrate cross-sectional
WhigshOfvEfosd SEFaRRlp P oF it t ReU P oBR T h g BBy e specific
embodingfts Ggieasinave bveh g wy By oLrS exrapla P deinggergd e dersin digprgpdi Aeteil. 1t
should bk DRieShdhdd@ekr, Stial 1h€ @3drip@GRIHBRIA ol FLdifRl el édithents Ss @Oﬁﬂertdb@meldut the

mvent:ml‘x B, é%pmﬁl%o&gf JR0R 44 RGT é#&@@%&@%%fén&m@@ B % Boki¥cations,

equwaiegtﬁa'a&(é?ltei’nﬁtﬂrgsgfélgfx%g%lezg Q\MSEEIJI}'{ ang t'scogﬁ: (f,'fsthu 1In eataag ta? g%?u%bqu}zc appended
clatms, gnbodlnents, and Fi gures 4a 4e schematically
illustrate cross-sectional views of an SQL transistor

Wi t h a fl OEM(B cRrRefidSuT rArwWRvElr@npor ti on of
I l‘Stl’ahVﬁ: clf-ngocp ments 0§ the mvenp on. a¥eedgscr\%eg Eelorlbshq &L@!ngggt of c]anty, not all features
asis o

of an acgpRmERTIT af'ﬁmbem i e pPBcdsegde 6?&5?“\%5“ e in the
develophent by sich herst praltodipente pye o nrmiegenyftion-fpecify degigips must be made w0
achieve 1BYRAbIeRbpecBigh4D:, LR asl cBMRAde i bySteiB-tiSadad Phid takiBesd@lated constraints,

which w\iﬁpxralry%% oqp&lpre}ngxﬂibrpa%n%g I@&xto@&ﬂ%ﬁl\é@ agp%ig@d that RRR h E(i,vglopxneut
effort might be complex and time-consuming, but would nevertheless be a routine wndertaking for those of

ordinary skilf in the art having the benefit of this disclosure,

The present invention will now be described with reference to the attached figures. Various structores,
systems and devices are schematically depicted in the drawings for purposes of explanation onlty and so as to
not obscure the present invention with details that are well known to those skilled in the art. Nevertheless, the
attached drawings are included to describe and explain illustrative examples of the present invention. The
words and phrases used herein should be understood and interpreted to have a meaning consistent with the
understanding of those words and phrases by those skilled in the relevant art. No special definition of a term or
phrase, i.e., a definition that is different from the ordinary and customary meaning as understood by those
skilled in the art, is intended to be implied by consistent usage of the tertn or phrase herein. To the extent that a
term or phrase is intended to have a special meaning, Le,, a meaning other than that understood by skilled

artisans, such a special definition will be expressly set forth in the specification in a definitional manner that

- directly and unequivocally provides the special definition for the term or phrase.

Generally, the present invention relates to silicon-on-insulator (SOI) transistor architectures with a
floating body region, in which a highly efficient strain-inducing mechanism is provided in the form of
embedded silicon/germanium material in a portion of the drain and source regions as well as in a portion of the

floating body region. The drain and source regions are formed such that a portion of the respective PN

5



10

15

20

25

30

35

40

10 enbodi nents thereof have been shown by way of

exanple in the draw ngs and are herein described in

detail. It should be understood, however, that the

vdegor/ijptdion herein of specific enbodi nents p&r9inn7/007844

intended to limt the invention to the particul ar

fornms disclosed, but on the contrary, the intention is

to cover all nodifications, equivalents, and

alternatives falling mnthln the spirit and scope of
junctionst ifpe the heredhy totvessthaiopiingdddsbyeitnited Bphehiadrred ditingnd soprpe regions,
is within MEEERMS) silfc& RN hleriADUThe TedhtidNMEREES fuldtion leakage (which is considered

mappropxuéésféflﬁgl\aéekfﬁ{& &EIQ@% %r}gcﬁcegfbaﬁdhﬁp bf‘éﬁ%ﬂ:t/ée%nﬂﬁﬁnatenal compared to

silicon mr,atgxéell l{ﬂaé grog?c %(y%%céetnt lgfka%e nlbarfl fgr ac un%u% ed c!narg%'cg é:rs 1 O% g!;a ing body

region, theiybyssizgifiersily ediaips SHresPpling PR depsgfpe e ‘é’i‘ﬁ?ﬁ‘r"@c?lsﬁtfﬁw edtoas

hysteresi{ difatts.i N t he devel opment of any such actual enbodi nent,
numer ous inplenentation speci fic decisions nust be

Qﬁ%rogmateﬁr desn%mng%le mamn'e giﬁ%p%!)c%&%ﬁ& @Q@&}oﬁxgg Q%@Jn%e ctch process

ce w t stemre
for formigly S FFEBEHRE PTG TOROPPAPHRED, Se‘vﬂ‘ﬂ‘%‘wpwt?ﬁ"“ PP Bie e
implantaiqnplogsyefat fatnigrthe dserpdvot hredsourdybrsionyasd apprapriaff qnpealjeshniques, the area
of the r@ﬁarve ONGlRGbrk RatidSiUGHhia thel e¥:l0 BifeRkeraffir thataial by be efficiently

adjusted, QQJPQB &ko Q\Qdu]; yg:mﬁ‘(g %Umnﬂg for%&ptﬂg)&lé @afﬁ%&' gggt“ela %k ]ﬁﬁ&xop Gakage.

Contraryttchcgg%%utonzﬁ guﬁrl]xwg rs{aﬁrg t@%ﬁm}udx{xg hx% cf ]Zf‘“t corape ons X/xth a olﬁxgtﬁl%defect rate
may havp poglereltyged jop et idemnand s the wewﬂo@w&é@&?%@dn%“flhmff pRiniafighased
formatiod 6f N Bndibisasdyathsfehgyler ggnifidan ingresse S juaibu kedsge, sily!smem"ﬁcanﬂy
reducing %Qung %M%C@r&n@ gthrema.t\daﬁﬁg liMprél@@iagteeshrid chjagid rcAMiInABy the

prov:s:on Q'the straup ? Fconp ermanan %r@ﬁa 01!?, s&m@{er %ﬂ%d:‘?ﬁm@nt?&egg‘foﬂf?&me increase of

esent 1 nventiaon wt

SO wangiay Wi TG PR GEE SRY Fild THFERE BPUo K PR Eisonivetr
material iheseatdxmits edharhawslmgendy estignclisprdadtt spagerddstsinitise faghef the strained
s:hconfg@ﬂiﬂﬁliﬂd Mhatkrial l&ﬁy rva talijMRedemadyplaasly Glomt iRr @E\@S eBduirements, such as the

. fom:atmn Qtv mettai Qapc de i gn ‘ﬁﬁ[n%a g&lg:e petﬂfogss Q)%ns@&@quynﬁcr @ip@ctﬁ%lo@ op@e PN

ey S0 L ler %I‘ et ed t aa he ev n Exghcr mcre ed, thereb
jotion A5HE] S90S NS RGET SPAREERE B T hos” JISTae hore
providing, el ppbtiglsios retiyping [rumsefugiier fIpasis bosy efestsy e, ey Soogg siion
germaniva88dral magl @bt nidebshiON beaofrovadett @nimnGkcepiipigis dor adcammelating a metal silicide
s0 as to rg?l.fnhtny &‘.‘a}gmc ;tnﬁgd theterii if th@ (fl@iﬂlty Jef® mamﬁm@(rndds MAkdkadd Mkonventional

tcchmqu(fs mnce ?%?mly % EE mctapg] d:%g ] i Hm e&ngb%t!:axg'ol?y pk?e){ ar, co%grat?qlﬁlolf lthg Qraknnand sSource

consi stent us
resions vy AR GRS P P PHEEER B GHES e 30 et
silicide. Censequorly, phesgsaesied oranientiothe providahnkovahg psepedtiang meit sifgigrgesions, a
further edt@uced e RN AT nOhd 1@ EssddRadilafchato tuRaeE Sk oi@tkeygiGithdybechtained.

artisans, such a special definition wll be expressly
?é%ﬁ\%g Entsgrge% e%‘é%?a?nzfp%%ﬁ—&e/g}e&gg uhv%r@t: I rel pgmcgnlec{f the respecuvc LN qu(ﬁmns may

be posmgp(émtl-ar} strefpdfd sy Bepafipp npajsgal prah fﬁh@fxd :Wﬁlialaglén—mduced damage created in
the straifel REE@lgbyhaniinh @afefi @ Rbpropavteln icoraminemplieaios gequences and doped and
undoped%ﬂn!ahﬁ %ﬁwﬁmechrﬂﬁx\sg AW Etraéréﬁ)ékl)coﬁlﬁealﬂailu&tnﬁfenﬁf chitectures
a floating body region, in which a h|ghly

eff|C|ent strain-induci ng mechanismis provid ? he

PP e e it St S PPt FYRE i G HEt ¥y ooty of e o
inventiorp@itl tobw ihe dscribkrbindrozd dvtadn dissm 3r ebematigrilp Alystialss Petops-sgaiopah view a
semicondbctBiedib-do, Q;hlctl hpredQis a9 801 1A@sidd@ Ayih b GBI body !‘a:gioxd I"Ete k1@ R 200
may comlpnslérlg ﬁusrrn%.guf%:&%n%&e a%[ﬂgggge 4 %ﬁtuh;ﬂ?& ba@e RRLhI R argffor;nr:}emercon a

buried u‘f‘tllzﬁleg gl\éelh \élel Tor cxam;}l&h gle éxlb 1%38922?3/’ Emg-ver{e rcsent a sngléog fsrb%ratte rearesentmg the
body region and t he hi ghly, P-doped draln and source
regions, is within the stralned si li con/ ger mani um
material. The resulting increased junction |eakage
(which is considered i nappropriate for bul k devices)
caused by the reduced band gap of silicon/gernmani um
mat eri al conpared to silicon material may provide an
efficient | eakage path for accumul ated charge carriers
in the floating body
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5 region, thereby significantly reducing correspondi ng
oper ati on-dependent potential variations, also
referred to as hysteresis effects. By
vappnopoeat el y desi gni ng the manufacturing protessin7007844
that is, by controlling a respective etch process for
formng a corresponding cavity or recess,
appropriately selecting inplantation paraneters for a
subsequent 10 inplantation process for formng
base matqielsd 0.dpaperformedithe e clicaaipiign Byea AR T %F@ﬁ%‘%‘“ﬁﬁh‘é&?mml as
the buried @6NNNE 14eS 211 hemai ea e fbutiddanstlep ot bis @M!qc@rvetmwscrystﬂ"me
layer 20:p r&,y,gﬂqﬁe Wido) 'c&xtegth:@aysﬁer@' n&sle §érl:dn9@lﬂﬁxgerr BB cbtPared to any other

t l I 10 ormat:on
compone;g)t? g tkl;edayﬁr ﬂByThe s%mlcﬁnducéor lﬁyer ¥02 a%[y'ﬂacd: & ck:'ielg'sse‘lrs ?ekab(. @Iﬁﬁ* Qe

AN S el 1 %6 8 a thickness of the
of parcasoep ot el PSS B LTeT T Bri” PR OBREY ‘m}s
semicondp@eniant R@nady wrea dhvi ngproxinady Hylo0max Tyrtprnas. ﬁgéﬂﬁleﬁﬁmdc 204 is
formed ag&[aa}msc&@&ﬁﬁdﬁir il 2080 Sndk dpardted BkeF@bbea gef adatisralger Qe Yor

exampie, sr? crng :lkgfag'?e eQx@Gc'dﬁmqenp e E:pc e?éc&&ie g@ﬂha@gc Q;fmp;is]a@ iSthis Sakl@Riuring stage,

b
of polysﬂl:c(?[: rflﬁ’feid (S)ht?r[cjlf)npae%lmil{ﬁzn 'gg eln%Lh § %@atet ehecme %l‘bi i p‘gurea §ae gxe hgtgontal

extensiongif GRieftt eeetrede; i PRREXBRC AT B SRRy 5. Fpispiggs ooy
50 nm ang leg4) i Thi: gﬂd’ﬁlsluyﬁudneﬂj’bk@ﬂﬂgaﬁ @&t Ay ah@d)ylateﬁtﬁlqutcgnam;ﬂj sach as silicon
dioxide, Shidoh hictHRI lﬁghacl dﬂa‘lc@ﬁc hmagv&%bﬂﬁtloﬂﬁh&&& hRMKe Ha pakishie tMotrode 204

may haveofgitmaéld Qne 1?; t(l? surf'ace a r%lg Iez%? gltnlcﬁ :Q% ﬁ)f %Q:.lngaega comprised of silicon nitride

ox any OBHLBHIOER SEheMBETFioP ALY %P??&fr WHLYC GymPEEE @ spacer 213 and, i
required,tarta@rSil 6 ey 5> rrivides! @ sl Ve oo diycodtAOGNR TeRy S ilgniden repions
203 mahlam&ﬁaﬁ fighYon RSk @BPAGe ibAnSiay 8¢ e SEILT ANt Ekctrode 204

incladin I;i(l:e C re%l g‘n% nQa Q L‘egént % 1‘1911({ R@r @m@&l rediérd |ﬁ9ra Jﬁ)ﬁr in and
tuct éﬁ%g% £ |§poégble gﬁ%cer &herelncthe offgit of ?he e

souree “%‘f"i‘sé‘%h'@é‘a fo5tf4si | i con/ ger mani um material nmay be

adj ust ed i ndependently from ot her device requirenents,

A UGHcal Srobdie fidvD ForEbrinGy tef vasisvet 2D as whoon de Figrre t2h enad reaippyise the
followmé’;g}gceggsu rA%r Jr@.gia AR sumﬂuﬁ% lndhy hdvh ErhRASREEH hY Slicon-containing

iayer 20£ Wf:lf %E;gﬁl}sgeéir%u a:%rm u(?cgstselzs Oafx]cludu G ﬂb %gmmoﬁ DIJ x&lahﬂ-lestéctuﬂé'(%?gmwn)

ntum even
and csatfipfieeichassiicd YRSt SRR FFSHF BT 5wtrﬁ%2 [5G gy bf Bipformed. Thereaftr,
the gate dl@detei20rg the va@ping latret 198 pndf thepate invgativo byer FSfrgng begpatterned from respective
material I'l_'zHrErg ReHLED LR iheltags St §:@dal@Taniot BGOdon QRAIRRA ETOWEA LT dopllisticated

1lth0grapF’H¥ndn 8&1 Q8m§§e§ ar- IthrYaﬁpre tl*g rlgkglj ?l%d:f \%c{upcdanmﬁ %Y medh %lr gxntancc by

<:nuciatt<;\q3| ﬁ‘dﬂﬂ‘g?"‘i”"é}“ﬁ)‘é‘e f%‘éems?tl? nggoforWﬁil egcisntm%]a ({ %eecm\c;? er an amsotfopncally
etching thdreme e implenyitiomprocs 21 Smavtve P?f&g’éfd PP By éﬁt“laﬁfhsai“‘“ extension
regions 208 GihBkig @ Sective intatafidpifhmfigerd gy teedadily cgitlished ahahd asig ¢f@imulations,
emmnmégg§;@gm&ally pl anar configuration of the drain and
source regions may still |eave highly strained
silicon/germani um material between the channel on
By R RTIATY ST e RO G AT BT e Sl A
further sGivedtl sayeer suwetyre BES priowmbderdsideyetiseo tihveeate e pends Pefercprsting to device
requiremitd, WhirblS a WREH P08 spater bkikdR@06 BRNARE Odh Sipe@ SSa hasEimSRet during a

subsequefn{]lmﬁlant%l%n Sllogegs%%g'mg% ﬁge.lp ﬁ%% nc{ s@!u‘gc r%é?(ﬁls 5@%@@@&‘1 ryﬁect to the maskmg

| O tained. Jioln csy are flon'nedm
oo G BETERT 9P hd R En T RV ERETBh B et 11751
the semighdicrelayae §edipienido BNsHaeen Bivp SOhrale E;@GCpaglpttirea ¥ be formed on
the basis\¥ tviil- &taSltsﬁuﬂit@Bﬁhu&i ihdh@@p (g esnfianal deposiehef ¢ &ler matdrial, if required, such
as silicorl &%e‘:% P2k dib&guehm%ﬁ% &{‘@ nﬁfe@ﬂts&ﬂ ab flicoh Btride and the

like, fon%%ﬁ;}a;y AP ﬁlaso}rﬂ;kﬂce?c egsgtaoQéxxyo% nzontai l?lyo rthRx[xslﬁ&eﬁJ)S}{ed spacer

i’on Sequences and ‘undoped
epitaxial growth technlque§ of the stralned
silicon/germanium material. 35 Wth reference
to the acconpanying drawi ngs, further illustrative
enbodi nents of the present invention will now be
described in nore detail. Figure 2a schematically
illustrates in cross-sectional view a sem conductor
devi ce 200, which represents an SO transistor with a
floating body region. The transistor 200 may conpri se,
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5 of partially or fully depleted SOT transistors,
wherein, in sone illustrative enbodi nents, a thickness
of the sem conductor |ayer 202 may range from
Veppooiomat el y 10- 100 nm Furthernore, a gat @ecelembrace
204 is formed above the sem conductor |ayer 202 and is
separated therefromby a gate insulation | ayer 205,
For exanple, in one illustrative enbodi nent, the gate
el ectrode 204 may be conprised, in this nanufacturln
layer, wheteia g resesptive Gipsyaif Repidsth, mag b &0 GHICKH EDHYLP, Gk ETH B appreciated
that othet @RIGE Aica@finclubige, gaitigstotdeclS bitapgbird@Ogrs, imap be maskedfprigpie en 2 process
217 for ﬁ)hﬁngh% JeZQad Als. 10 et@?(ﬁr&fé@z@'nm%f betﬂaﬁor@ai & ®l 86t 6OGB, established

rec1pes, wgyem mefsQ Eara%eteg?gn%h Xs tl]'e cg11c: xﬂ%%ﬂ%f ﬁ&lm Eén‘é:@t@&' tye clu@c%%nahty of the

i'ns
o oottt B Sy et FOSHEY SepPRB P GNP g © i
certain delir@|o€ Gitdpi-aehiva bEhE atacer stongthre 286. sSHpreqvemn A to b akstricted thickng of the
layer 204) {Ifllg EdiGfocesbe Ghs :Jﬁaplgddslx 86d Iﬁdan E‘é&ixﬁ%ﬁdrcﬂh&f crgsﬂ}ﬂglgﬁﬁttﬂamﬁﬁa subsequent
-t : e like. The gate el ectrode 204 may have
Selectwefplg{!sgiovo"%%?otc%pt op surface g cappi ng | ayer 212 V\%I ch
may, for instance, be conprised of silicon nitride or
Bimyre &t dsbamarigoly Bipttiain o pEERduar ot RB YEFE 2 gelectitrepiriel srowh
process BP SGRE WALH UG MEEsIRONPIhBiungnagerid JATR EroRl 8: trnekessesf216. 1uring the
cpitax1al %gwh'xl pFo%Qs 218, hd é}x@:relegt;loﬁe PRYs BELIP E&Vﬂeﬂ@ih@&apﬁdgd@%ﬁi Sd @ spacer

structure E g(n onc‘zggstra n{ehen%ogxgﬁlt 5e§rf?e%g (<8 %Eaxkarr@ o@:ﬁlt ﬁ&de&rhts is performed

concentration, of a
S“*’S‘a“"Fﬂyt"Si‘b‘é“ Hopan -y "‘I’af’if‘?’r’éﬁ ‘55?51"5 & ierye f”ri’é“"g‘j%{‘l‘”@” ted"’“*“es S0
that the @lrat rsdidey 2Quininmohaxairnp7t he peredded g6 ruwbaniiallp padogpgmaterial
ConsequbrRY, uicq:l@crc@ss EdHipleiftRbilinetipBhx BOMEVEE piodetseN 8 hByibe sgifiemsy fedoed, since

in situ do% Qf 5 { gbﬂ%m?aﬁﬂm%%&%t &&Q:‘a@@%ﬁ t;hl,-;Jng 14\193 p@y &@Ex@?&ms@ QA stable

control (g‘y : Csa Br orC e3° oeW (s)r nnceng ti n o ¢ ugsg’r! g’nd carrier gase? in the
Sk PPh wgﬁffsemza“ ity SEDADFTRETRL of ik

respectivy epeding atposphgre, glpe rﬁp@v\red:reﬁsgrct tprapeE Rt fhgts@sl?@fnd (i Jilgeyy Moreover,

an excesfBottidn@ves ey waslovided nieenthd heingi silicodmmoonhaiarin go1. tyds. in some

embodm%p(g the\é\@alarled @ﬁaﬁc@@ubt%ﬁa@nﬂ@%e@@h&fdia&ﬁ'e PhAGESRES defined by the height

level of a 1063 su%acg] 9%?% ho? ttIeor ?]suigtr}mglygrl 2?)9' ?& Logx'g :%&aldget g&imgd&othe EXCESs

est abf eci vertlca dopant
portion 2;9%% -‘é“’ﬁ‘%‘?‘“t“ﬁéc"l‘eé%?é‘i‘ g gmop o PEYEPTEET mHE( gy be consumed and
thus conpatd i@p Aedal sThigde paflitemandfleigatge. d et fodeti2eubodinsas, the excess
portion THAR RiafBe bayas: B0 BRdot hﬁho@ﬁtxﬁtexiadﬂ&hﬂre&? ip@Riding yiinc@0Bexibility in

forming n%&a[@? oiBah tth% Qx%gn {OFI R mnrtﬁs?‘ﬁ%(:; ;_l;lyrgaty gf@vemtz%ﬂdhéd mlicﬂMﬁﬁ &chniques
? dI bb % atnh Q ﬁ; Al mQthal Q7.
way be ‘F‘élc“r‘f’?f’*a&ii’ § wf”B’I“ﬁ Sthe H‘HB°37GC§ g’b %rfsienw ved T rtogr ap"ﬁy an

etch techni ques. Thereafter, the liner 214, if
IFROE 2 €Bbmatayy xhl&trﬁt&hfﬂ%ﬁipmbfe@!ﬂﬂidMamwlablyno@piodeaqql@)n form highly
P- dopcd%@éii d%%bz&@ QMﬁdgtrle(onE Ay, SRBIC BkySexddd ddYo B2 th@diNRelathy 1ayer 211. 1t

shouid be %pg)ﬁclatedl tp ﬁg mglmé)laglaﬁcﬁléJEOIGecss il@)&% 4 b ap@ﬁor%gu &Qﬁerbgs%l of @'L):l,céé arameters S0

antati 00 Process, 215 e
o 10 mpip SLJEIEPTIGR HRAF " FUSPETREUPAT A Uay B0 D Sosaniol
undopedeos r@prsive fmplagliorser2 08h ayghalogiplanadenrad the ik, mppeaptornsdgn order
to creatcPEFIBL QEsired Yo arbLia tie by AV ED | AsphethudnexpihiecdDgSicgtingh certain

degree of 1|E£Bk|ro%§ B&QE the %Qr?ﬁ&&%lfs'zi‘ﬁdﬂg&e g’cﬂdit {s l@x@ur‘e& l!ﬁﬁ the portmn 207 Fe'mng{ Qasked

during tlfedw?lﬁaéagmrb%ﬁ)/%ﬁ é% %ﬁ{x}fst%rstazh fe:v? ﬁ}:i?pog{l;on 22’;]33 Iﬂ?# also bﬁ acgr)]us eQ by selecting
appropriatp @ennelby dudisabedmplanipige 1y e opdicy SRR EoBR OTRBRe s, On
the otheOhant, HE 2 gatepraloactd rd@nd04 iadsien di g phor @A7Bce respective tilted hato
lmplanta‘i L.ES@ MB%erfdmgf Bl ik (d)bablt @fatt%'ﬂﬁﬂl@ﬁl@ﬁiﬁd’opﬁt tsbHCibUbi@hing the

£d with respect to a masking effect
deep dr &
oop acfandswmergm%g subsequent i npl antation process for

forn1ng deep drain and sougce regions and also with
respect to the masking effect during a netal suicide
formati on process. Furthernore, respective recesses or
cavities 216 are forned in the sem conductor |ayer 202
adj acent to the spacer structure 206. The spacer
structure 206 nay be formed on the basis of

wel | - establ i shed techni ques including the confornma
deposition of a liner material, if required, such as
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10Fi gure 2c schematically illustrates the

sem conduct or device 200 during a selective epitaxial

growt h process 218 during which a strained

V&0 bloorezger mani um material 207 is grown in theuseo7/007844

recesses 216. During the epitaxial growth process 218,

the gate electrode 204 is reliably covered by the

cappi ng layer 212 and the spacer structure 206. |In one

i llustrative enbodi ment, the selective epitaxjal atine th

feonphschmgiabsilerges e furire ALt Sr BT ARt Paier b iy e
dopants ia the engsions PO e dropdrin amimbueeeiregfons 228. fsis fudicatgdrpy thy eqyvs 225, the
P-type deQxﬁs i %@egio_ﬁ‘sl 9 Raend ko @i@_lzsix{gﬁﬁlhﬁ icﬂ_tigii‘n,e gzg)age, lﬁnsiglh&theﬁdﬁ)ﬁamations

ol ! | 2 - terdd ©f the anneal process

s g L% S SR IR PEL Sy, 07 :

F“,u oped erj.al ) 4
208 s REREAY - Ho g BREES SBOIGRIL g TOF i 293 Y] Poer
thereof, giowidhas PR eis Sorpaigwitdy tgetrainegriferiarariym reftitle ot or S1ATRE. e
termperathrd axﬁitltelnﬁur@lfbﬂioflge ﬂﬁca&ir&&:&@ ooR :‘@ﬁmmnbttﬂmm%ﬂlb adcraaetdif_ﬁxsion Iength of
the P—typgg%)gﬂtqgl%:s Yool U cggangcﬁﬂl\n?g: Jhr@s\ﬁ@ti&a FRBMncli&Oid LépBsicdd UHRCIhSHhplantation
e SO0 S S g SRR PSS, v ppon
the PN jigtion| 0P isgelisbly mpipeipsievihadise sfai%sﬂéf%%gwi“wa&ffﬁﬁﬁﬁ ﬂ”&i gemple,
as previchigexpBisgicnt degee pineisaupeduitsthpemationroéthe feotstie 6yl serpbipdon with
the impidlod PSadlelektor tfr@OM @19, magQesall ifeX QB SnDE st 10 RUROFAAciona Ylopant

activatiorp gndgg-glg%ta(ﬁgzgf ﬂ%\{ee stljilnr@airrcl'a_til{i&i tH«?;SLn%L|2b£x99ﬁ1%(hmiemo7. Since the
mat er | 7. that

i i % = 5 i Lt sikidmn 2 lenbOd] ﬂgzptbsc eact!ihemv stigated and/or
diffusiondyhaxiod {098 APPRYHR GEESH s'h‘é’?’%ﬂ“%" YRRy ext and  above 4
calculatefheingnproriey et ofgrogest prEER Y™ dTE WETGHT of dirdisive Berpgye ot
Consequ&th,fuGe:a, 2008, iDfhe trbe-sgadmef FsuRathd ot afifierpo@Bb209h mag byweliably
controlielt oh 8 Lz{s@t)f M EBINRAL AR MnSeby a8 cANGE 88 afPhrldnIT _tl% QrhbaniEunction
et b R oo of S RAhnlaha A TRARS o6l o BTG OBl Mk
substantipyt dafined by the fiepdy phivingd PHUwetigIa i SOTEAUPIY WTEgeIYs ‘Rai“ and souree
regions 120 @Y bd dficirsty Qtniey @itdind ootitreriteained Hicopremapiim PBedglntthedigsis of
implantaacgyt&hms, REndod Qié'sMﬂﬂlla@ J!b@reﬁ Oflf]jﬂﬂc&fndl&nfkfgé!r(x}a% iBTT}:catntrellie«:] in order to

o teri : r rovi di ng enhance
Slgmﬁcagg/rr?nd&ﬁglogmggﬁéig?e\étf'f)i cide i g the portion 207A. | % this

case, a plurality of well-established silicidation

Feh i guesatingly ihstassabe trapgipet 209t ip &) foyhepipedArsat MpBfaring stage,
wherein infafal 4RiV6 @gicby 22he: preSenoe «oksstrheios Pi7Thcontganeghitedg 204. As
previousg%s@%%eg{ dg%qang & e gfdna%?imqmjuﬂﬂltﬂe)éxielss' dagbh 8d78S ad HEropriate

sitanip ity g B e L deR IR AR FERREEE drbe tcon
any appEpipte (iFish SHRlyS SR Rfroobd PRETBERPRI T nggec for the
formatioh a§/€fespdibe mbthl sioide| Sindgabeapl eibsidet 238 ist sbptantaflp restricted 1o the excess
portion iol?f})J s@ﬁ{aﬂiﬂiiyﬂﬁ sPLHOGRSSi0h Y, HIRYisdaen lﬁ?feéiﬁk’_( TR dhe@iby biloedinsi cficient
strain goQhratlBl BERRRRRRLATBLGTRicR 9125 tO maintain at |east a

portton of the strained silicon/germani um nmateri al

207, indicated as 2078, substantially undopcd, or

Méthpeetioyie Fiamst rtbduthonletraiye emiodiprotsef the prrggnpinvention witl now be
describedl hoaddeal,i iDRhictnle {thded silkeygenmayivip @apdd fsqwsigged merosighely to a gate
electrodd Qb &S Be b ESRRGE k¥en SRILL QM MutlopRste &I MM R-ithe

portion 2078. As previously explained, by creating a

certain 35 degree of ani sotrog‘é durj ng t he etch 4 & buied

Bt Bigwe 3 2 it I cmmriys 2 st U HRTHBE PR oy 210 and 2 bure
insulating Gdytri DM h@ig foemditnsommskugndior hgpr 60e Reppiian thatproprrties of these
componﬁltspt@@&aae 284@ria PG LEHAvIEIIQ cSilded Olith tdaeenpowtﬂi@flﬂomél , in this

oAy %r&r@& Sold thi seBREIBSor layer

manu{acg‘ﬂ% [l g’tu%g #%Fg%%ﬁﬁ%h%éf&%ﬁggg reduced size of 7

the portion 2078 nay be degsired. On the other hand, if

a nore pronounced EN junction is desired in the

portion 2078, a respective tilted halo inplantation

process may be performed with a counter dopant

relative to the P-type dopant used for form ng the

40deep drain and source regions 220. WO

20071130241PCT1US20071007844 Fi gure 2e

schematically illustrates the transistor 200 during an
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15 cal cul ated, an appropriate set of process

paraneters may be established on the basis of

respective results. Consequently, the area, that is,

wm2ihesoonoss- section of Figure 2e the | engt her@kbhH®rss

portion 209A may be reliably controlled on the basis

of the above procedure, thereby also enabling the

adj ust ment of the amount of junction |eakage and thus

the efficiency of renoving accunmul ated charge carriers
302 and strragivr Soffroaltiamete bodyior eyr #if- tieerping layes JBsprR|topspripce of the gate
electrode A@f dnd @ ehsaytive pecef diiidirt y130viag n@ekiffelwjdtr3¢iW.omsond@@ion with a liner

314, pm&rk&eaqtéﬁ& hiMtiontof oz Ql%&z%!éérﬁ%mdﬁr?%n? #ggt@umaﬁs&menm width of the
|
Spacers 36% gng{ufjxgﬁ ﬁxggmcg‘r% 4 ma ;e ép roxnnatc Of. s:glnvycan %r Iess %n[a%a"y :qr!some

SiTT na er
ustrativp pppoginestt iF5h bt @eﬁ’mnqtelég i [ &b s A ‘P%“‘t TR Famay
be formed| @gheBasdbf jubsrotallp e lseakagess ralpidoe a¢ prtiewol desdritieh wigy wisgence to
Figure 24 Ot SoQ8 inf h&,@mxwm&e&%&ei iwQatt DY Ledy fehteat Be bk gliE@formal
deposmo? Ieclmﬁuc% %E\Le%%b Y- éslaLl%?édraﬂgo%%plg Qﬁ: pt“orcé»gs§ l ’ﬁzta Rher thQnaly Be Brmed on

oF “Aevanced PanU acturing stage, 5 wherein
the basis pfap g ¥¢F%e regi ons 222 are forned |n the excess
portion 207A and the gate el ectrode 204. As previously
s eissetlaticalBRiaehda he Gns e300 Yigke of citoerss 27 forighning @gbective
recesses érr&a\tltng?: l%)ixct@?‘ &nﬁgﬁdtzété}rﬁay%aé\adjﬁ&t @pﬂrs%&'sﬁlc@lre 313. Depending on the

spacer m?‘;% 813% an% des1red gefgreeo (%J u%?%@xé c%grce (g axabol: (Igf)y oh{l@ % aﬂgoq:z:s? 5f7 may be

excess
appropriatefy Gopiesd: aﬂ’?‘ BETOpY itee s ‘wﬁf PMate ek pRecEs® PIraY Phifiveed =
substantiftly @lé@hrppic @B akdoes in ceBrmi siigtitphs=voiler wdfe cqrafach & hesednity of the
gate insufafdn ilybr%oﬁ O@ngdomhgc!fch 2o @SPRat drdselediat Jith rSdbbck G Meinstance, silicon

nitride, s§1|con c%oxuj?: aamtc‘ﬂk Sf!)xj ét&)knﬂ%lli@%@mﬁt&aﬁﬁb&s&%ﬁg Ltﬁéolra{nc manner are well-
rest

€ excess portion
“mm“m§d%gfﬁhtlally no strain rel axation my be caused in
the region 207, thereby providing an efficient strain
geResaticngicimycihanies N wirsikbrBoadbioglysck@iygt @iax@R drowth process 318 for
forming Wdablec[ Qﬂic@{/&ﬂ&%mkm%f i 08 $n &@-r&ggsses §1l$r tdﬂﬁx‘g thd bgit@lidi @bolhBrocess

318, non- diggc rsihﬁogl&emnamum matelaegr es e grolwﬂ aE]e ko{l]%cyr\{lg ltl!t, clg)(QsWaLase with respect to

I'n nore
process gl By Fr@‘é iorfa?ﬁcuwpmtfaécfgicarncllugngp%%ints-rltzbqfvéaag rflﬁrlsepl roag%i:)&p]amed
Moreovet, @ @e Jaineti3babeEdtcnotie stotmpalicodedroninhanagrid 7 meritedorpgsd up to a
height 1&%%3(!@3]@1@,%@@ %di@i@ﬁjlayﬂrt’j% Eind-ah ene ﬁe:ih@ fok- kbR &latdgd a Zfetal silicide

may not t??ﬁ_qmr %dr?ba ’dlS(%S‘%E @‘l@lsdns tfﬁ&ea%% Qhe(‘s g 51% §1§i tf?e cgmtiaryéhﬁl may be

ase nmater)a ed .,
seiectweliy ﬁgmv(gﬁ, If‘cﬁ gnsfaacy; ec)fn t%elliasyﬁ g% g}y fs%?cﬂ!@ dwaL ﬁée rnécal etch recipes based on hot
phosphorgapil wbmdrctroins gy 12 a8 he Spﬂég‘é‘ﬂkﬁf‘rfgbstahté‘%@&’@éﬁei* pladicqgpitride.

t hese conponents, the sane criteria apply as

B lgyBcpﬁgéﬁétﬁéuc%Pf)p'lil@é!rglgsqhé’\!ﬁnhst&eﬁb@ﬁtﬁiﬂgﬁl $oPlakrdiGH p@cedBB15 for forming

lcspecuwf cxtens!on re%mns g%ln tﬁqe ia crn%a mtau rcul‘ugzgff'%ﬁcasg‘%!acd shlgon/gfcrmamum matorial

rlses a ectro nmed
307. DGQ%V%O'I e regrsi @gﬁﬁ?fd{mo?xt‘?‘%WFng?’ with respect to the gate clectrode 304,
additionaRBR /380X 4% REVAUBE 00 a0 PR #devB D21 inghtesipitpdai®éd
therefrom by a gate insulation | ayer 305. A capping

{‘l rg 5o sg;le%atggl}gQﬁlﬁuﬁesmgmﬁsﬂ[ot Ho6n pfunﬂehﬁ!vﬂ@éd@na%fﬁ%ﬁé)ga%e Here,

ctive spacer SFUC&IJ ayl.ng a
te gue @ifge#ef%% ST TR EBTOIHATT A5 VT THE o o
number ‘15 rehipiddd sifagrr elawe'@r?@épﬁsmla’f’ fipgs mgierialsh i€ rega{eé, ta P@tufier tazagpsxrcd 'fateral
and vertid drofillng oDREp drhih bifitshdtel rvgone BP0 donrin pyrpoge, Wi dévive R0 it brosed to an

implantatidd poedss fo? ;n?i-o&u@iﬁg MﬁltyBQdeE}ﬁ whth € Fequirddhifdpdaeoncentration. It should be
apprecxatgcg B\a é\l rparfnfmo\é o]f e acer rrgr{wgﬂé f3bbc %t ]LGonxjm%%Sthcamwm’stebp of the

ustra ments, ‘even
approxi mately 2 an1and | ess. The tranS|stor 300 as
shown in Figure 3a nay be formed on the basis of
substantially the same process techniques as
previously described with reference to Figure 2a. It
shoul d be appreciated that the spacer structure 313
may be formed on the basis of conformal deposition
techni ques foll owed by well-established ani sotropic
etch processes. The liner 314 may be fornmed on the
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Figure 3b schematically illustrates the transistor 300

during an etch process 317 for form ng respective

recesses or cavities 316 in the sem conductor |ayer

D dwadivagent to the spacer structure 313. Depeididd@oy

t he spacer wi dth 313Wand desired degree of

under -etching, a degree of anisotropy of the etch

process 317 may be appropriately controlled. That is,

for a |l ow spacer width 313W the etch process 317 may
implantafign prwes gﬁtehP cagicout PGP IEHPPE PImPien &b PP of tat dopp drain and
source rd@ioBCES 3s requirel. de the bomsit betvantsingk kypca viohoht any wepdyidedein ¢y spacer

su‘ucture%g agilfcl Hayt 2EoMle8 bR ik %as@fof tul'éﬁ-es@ﬁttﬁed 544} atuniks] AY Sercafter the
amplamaho Iﬁay(l:)oe g)er%orgtoc? tdo OI;]{% %t %eeg rdeCI KQE §durc\é@ég%ns ﬁbeas §1§Lﬂ$ Ck!zx\( ecin anneal

on nit
protess §8| may g pﬁﬁfWFdd@ lachbas:f ﬁ%aPP‘iol,){Qtein 581Fctf-éit R Qargnmteir alﬁ)h as duration,
temperati@ ke ty& of haat @enkfergih loyderamipgoriiathi re creatifre fmrdpnigtion-induced damage and
also actiVyRldbpa8S trﬁb&&&iﬂ@ he iuﬁblahﬁt&m@fot:asseQ QHEhGUM © aBGectt:h @nmEi sBalihirative

embodxmel‘xts Hn% te:{t reglgr% 3%£ n@lme §ép%tei Qrglegé&ralﬁg}ghe%nﬁﬁlta%&; 31\5 :g:g.prxor to the

p axla ? thr OCGSS3 ? 9111 0 he rogess strae g
formatiog jof the SiHoPETRAR ITRCHEERE AT ST T4 rf he Pr ecesse%y 3
previousDgriigiepd tiths refysingeds thatlevige %5’\911%%‘?“6‘@@@39“ BBl At WA HEe implantation
and the 18de) rhA30a /p GBH B Hribd o n&aﬁtartheainpfmmbex Sgndmior tottizampligyation process for
forming {hg[j%lamgsog,g@mé;&@ﬁor aints wwth respect to process

control conpared to conventional strat egl es including

the in siiu dopi as i.s prevjousl | ai n

Bt il TRr oLt A B RBHE PEETbE b dp et
advance $i bidoon hgresoniately Writchatpegtivainn@d Fargnepjersh ehdrad rite this gaset © significantly
mcreaqedz&rt'ib@bg)fﬁ o advehtiafle hidnriesld bycolihi@-dgah uainas silicab/b@fantugnyedterial may

be provné%g %Ial}grglatﬁ)g o?ﬁg l%s%ecnw?el cg\.htges gl% clo@G &@E&Q@&&&Q I, @@ﬁc@ldunﬂg the

o e B PP P S P I T °§"°§’g’d“"°‘¢°"s 2
of which cpy eigniBERt meryorha9delscleteley e‘W““r drovee RSP BTG @G 07
ConsequExhl@ thasiise Wwh c&iﬂpgh:ls yﬂcﬁﬁngGdyh&gﬁm\M]t a phagmioSellicheteg e portion 3078, is
compnserd%? 'stﬁ@l%d bas eﬂ%xMat&QQ% an‘olsc@y B&ked 1MABR2 LIBe BRAP R 321, in

VA e[ 1“%‘” fgmbxrpog Io;fcratxonp o?&g fjewca }(% %%a Suléln é' c%\ Eo tgé Jléée proximity of the

e Icon ni

strained SqeR/AAPRTER PYCT] P e fpRat e cpE PPFI%%%“&"&?Y TR FRRGERS
therein rhafrPt ettt ircrhighlysffier:s n@dEr. Fothefrorembagyoqeesipeasy fsvlescribed above may
result in %&Ig%ﬂ&dn@ﬁl:&r%&d%ﬁxoxgﬂﬁl} b dnl3@n Andij@dased Qi@ oA Bf Be PN junction 309

that is log%%it\b & tQLI éxtanc.ed S%Icgrﬂ%%%gulﬁ Ha:‘e&.ﬁ’ né&:@c[q[@ﬁy lﬁmn%f@ir Lr@llon leakage is

en the e
abinec ARSI 1 PR TG HE QT BB T a’é")’(@m"“ﬂ‘“’g e
current copftfilityivpgraibingfop gish méﬁé‘ﬁé’é?“slg ﬁ%tf‘ff‘@‘ﬁom) may be formed on
sidewal | s of the gate el ectrode 304. 35Fi gure 3e

&ﬁb&%@% hé @(lr ik SDdAJ kbl RLRS G(Int}@le& 5ARSHasE Fkne 3@Wprbdassd17 and thus on
the basis c1l{'l the WldrthdﬁQ%i W as 0 Gngquet ltj era?g:o nggft $tain Entagougc@tre%nons 320,

or Ime er._spacer

which ‘%"’@’r*ﬁc%"&‘?“é’“@@‘é o WhiPE Freny™ P éPaﬁ‘ae"‘%’ﬁﬁ}“ a\‘b FPOPEd gt @ respective
implantariembreqessof Furtivainut, domdrrigp aven! pobenpmnstesiohyrbegprd de plypoontol the
degree of bUR@IFRLAEH @Rtk opahtf in bRGKUS E¥4h thi GsipiiGvd dehclph@or®SAr Bdl instance,

in some 11@1&%(1@3' em%gzgmé{l%r }oélﬁé?il:ateg raxglfeél técﬂgqugsf ngr%@ Qse@I r:@hﬁc@@s@pbased or flash-

urce reqi ce, 3

s A o A A S BB S B >
heat the gefropdpprer lehgy¥A i anfer fipcelised pagrrg Iﬁeélerﬂ’ hbigiegrepRiepant wckivaton may be
achievedC ORE-QIBHaEdi 0300 is kikniShoy rdude dudlappet ihattiedofitirattivigpe process. On
the omﬁmmpuagat.afm&,&@ JERRER B tctc;g@&m;e@ BQ&uird) By REBrhHE AhEG rcatment

s ey o A Pty TP O POt P P G St st moy

be carried out |ntern1tteqqu |f a nore conpl ex

|ateral profiling of the deep drain and source regions
320 is required. In the exanple shown, a single spacer

el ement may be provided in the spacer structure 306,

whi ch may be fornmed on the basis of well-established
spacer techniques, and thereafter the inplantation may

be perforned to obtain the deep drain and source

regi ons 320 as shown. Next, an anneal 5 process 308

Ermnore, as

which a &
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200, other inplantation processes, such as a halo

i mpl antation and the |like, may be perforned prior to

way 20af/tzers1t he i npl antation 315 and prior to pPOBUS2007/007844

i mpl antation process for formng the drain and source

regi ons 320. As previously explained, the diffusivity

of thc respective P-type dopant material may be

determned in 15 advance in_order tg ag&gqﬁala el %Ith W
be signifigraiheeduoqdedifioreriraiess ma et St Bre S IRAYERY > FRoTHi §he
be noted @ASGyresponding iviricaizntdaytedhnigieemsetho po FEHEMY 3T & qbination with the
embodinSHB AN nath lejern@no Bapada-ay. count er - doped strai ned

silicon/ germanium material may be provided due to a

Bgt{rg%‘éc;hg%ettﬁg%laéﬁgﬁgf?g} e%%:ggreja i%\z/tlﬁ}rtlhersz’xdv%r:!'cgd ma uégux%a sé% In this
stage, the308sjstad PAOffurgieempifiset el Fﬂut%@mab ﬁftfmfdsw an‘fpp?fa?*aﬁ‘ E e ggioed
sxhconlgetn@anfuhﬂﬁdtén}{l D b WRBRR e viectBN JouNs$ profiissi3 0@laptd, whimgh! sgicide

322 mayc‘ltbg n#oitﬁega@&hlrp%et 'mQL@nﬁo.}(a’f\ %aﬁxo&toﬁ&uﬁ@ Wb tRicks héton, since strained
stralneg s

sxhconfgecangghﬂ%mal g:; st:l? Hreggtrxﬁgal %gbﬁhe&x&n@ny p?ondmg aF foicmnt stram mducmg

rses In
mechanigmpi i o phampl) segign ﬁ%]rq PeAEd gEloWH ﬁate Lnéulau{nh éayﬁ 03 %&gusklranve
embodinefs, 00 MPTsis® L0 afay Strthaicramissd domprowivee pirveead w*wﬂ?ﬁr jwhich may, for
instance, tyh @&mp'n&d Gk Qﬁc%ll Yiitrkd@ Cili@Onady Ge 8Amail @ t@h cbi@esiotyress @gihe Masis of

plasma eg\-nzanded Che§66 vg%og ggtﬂ)rxl C\’B?Yeclt QQ Mggﬂr thﬁx@lr éﬂxdngﬂg Qé stxtamen the

ue
sl 5o {4 P Ftbeat P SO ﬁﬁ‘ﬁa’ b IR B0 e o 22
with resregi S the ity Bsuddtiom g 3%Pt‘ﬂ°€?ﬁfﬁ5f°“‘t sfress BHdl frog e Aregayr 324 into the
channel fe@&DﬂIthﬁé@ b8 bdc@bplisHeleb@bared iy ddsign ebshewmdridures & ali hih yhich a

sub%tantx%f rhlg)!eg %ta%’i’b{h@ omExU(vSJEfemaé ﬂ:e eff&ﬁveﬂ&@ GES stzdsltRAhSG Yhréu§h the
correspo?%rb ggu.sra dpbﬁﬂé rs cturc ﬁ??sfc;gmnﬂe He tﬁ:niL gQ:ra?on as 91{&”];, |m°l§éu‘é ¥ provides high

In an I Ncrea
drive cuiprok qepabiity309R adﬁryteff*émpﬁrﬁﬂusﬁmt%m%@“f“r?at‘hﬁ P& gg‘at"‘éﬂ&“ portion
307C anwtt: Rhianded @resyt traaifereakcimhibh opmifgger Nemveriy gt mhiy additionally a well-
controllabid BREHAG L lki¥e ofaRE ﬂmﬁﬁcﬁ&S@dAJpgﬂﬂisithﬁ Jtln&aalfﬁ[&gﬂlgé &d tht;:s zgmf‘ icantly
uci ng any floating body
rmNWd%F?gﬂ#mquEQ%m%Q L%ﬁ%ﬂgénggo may provi de increased
drive current capability in conbination with reduced
o adfirmge o Gidyreefafiecihsher HOTHEe gptpdimgfts efil Dot PuAiCR oW be
described R Ynolicla® aslvhidh G@RbEDh l-al@i0n abd@itdxhs grewtd feclnfigesetit iy situ doping
may be o%&,gﬁeﬁﬁém&’awl gﬁlqmton USudRdadhR iDASiSingl stk ficiattd madBIV as
as on t further | ateral proflllng of t he deep
drain and source regions 320, whic
aeBempia WY trwafafs‘iO% R aﬁms%a“‘s‘t?éé“é\”d‘&ﬁ BhRAELT I 10 and 2
buried iB@HDH RAdri4ON wikrtih aacriespeot lhyce 442np Pantdaritsrbuprddesalgdng layer 411.
Momovfwéala%ie@wd@ 404&9@% Rédndd & ApaSadhlafin08es®s pad anpdoapse ARewall

spacer stﬁxcltureagéj aaxa Q4 ;tn§gola)%pﬂt2 r P-Jnh&lﬂ&e qt?tgﬁ %@nu@afctugr%tsfagé En ek'éﬁs%ﬂ re@ﬂ‘on 403

order_ to,obtain % 9
may be lioﬂxgd ﬁ\dlixatsieralﬁongwAlay?g 8?2 IIﬁgzirchHe; Cﬂée van%%comﬁonenzs and any process echniques
for forminks kg senrealt igicbeeiTditTEnERPoliBE|SH Sty ipulyaloatih digh reference to Figures
22-2f, MRG] 16| bk S xR Yary OB b bt BRGh), the ranalaioC400 ras B expragigdargmplantation process

419 for g;ln@lﬁ aer'ic‘ﬂ%Q m{arsgﬁ@es:%ﬁ&m 55254 Iha%b@ mﬂ;l)lﬁﬁéﬁ&i pakatheiddd bi6 Rel&GRO K that the
uratil o

comespeiits 4 S GRS Are R L gl Siob y AREF LAY o Wa by e
dashed ipgs.y for ofe’arr"rgz EUPCRYYA TETeSseHGh Cavitiey, "Pﬁ‘ g & @‘fqéeé"l’bfm&doﬁvé‘htmamd
silicon/paiadivBlinhtafal. may be achi eved, while dopant diffusion is
significantly reduced due to the short duration of the
activation process. On the other hand,
i npl ant ati on-i nduced damage nmay. be re-crystallized, if
requi red, by performng a {peat treatnent 40at reduced
tenperatures in a range of approximately 600-800C. In
this way, a diffusion of dopant material may WO
2007/ 130241PCT/ US2007/ 007844 be significantly reduced
whil e neverthel ess a high degree of lattice
re-crystallization may be achieved. It should be noted
t hat correspondi ng advanced anneal techni ques may al so
be efficiently used in conbination with the
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10 mechanismin a channel region 321C | ocated bel ow

the gate insulation [ayer 305. In sone illustrative

enbodi ments, the transistor 300 may further conprise a

wapmpr/essiivel y stressed overl ayer 323, whi chpg®yis2zoh0f07s4e

i nstance, be conprised of silicon nitride, which may

be fornmed with high conpressive stress on the basis of

pl asma enhanced chem cal vapor deposition (PECVD)

techni ques, thereby further enhancing the strain in

Filee dhaherelicalelhrpesade @usigs Febip ep 2dvgy paguipqiuing stage, in which a
selective SplRGE gRtindcyss plsangifoaod fuhgtis,at 4 B pife ¢fhie pretsal 184, substantially

non~d0pe§usj,tr§1laé$esﬂfcgrg eg‘%mgszgmt;r'éﬂ 4t R é'r@vﬁpﬁtﬁt subQqub e Gakpropriate dopant
I NSu

re effic tr r aine
precursor {161%15 lé :gided ¥o theer ggpﬁﬁtlonmmo?ﬁare |1rh|o?d|211 tc?c’ pro%ﬁé ; s@t!g%c &lained

VErla annel regqgion
Sicon/sagECEOHER NSRS S DO ST 1 BEF G S S ERRwA® P
explainedTiegpadialg ik Bncph@f fori formidei tohsubstaoiads tadepddagirhiyedr pdiaigle P74 may be
controlleWtﬁLngl$brl:éls§dndﬁe RAkd 1htﬂﬁlswv\ﬁidl'ed)f e SR /eérhenief heedad. venegsently, a

portion 48’];0 i5 W,gr ? tdrxr? %.r}sxch £ Q?ﬁi @fu : o Ez[npc&%néal?& 1§;95Juﬁ§ %ﬁg '1rﬂ£Jacent areas, the

n sequent
e e e f“%sta““ﬁ“y gR*-ivpe dopen
material. JThusy; eeacthy deandraie apamrqqrqumwg ag wellps V"é‘i‘%’e Eéfepqxqfxlrws 403, the comre-
spondmgsttohab;ﬁd geeeI atiAng chaEaRinsbatOfidet B hiplElg Pslo@fl striienductor material,

while in the L2l &%exﬂ%&eép@an@&d sé’aQZ an@ﬁ},dfzﬁ He e &hﬁaﬁ@rﬁdﬂﬁ bEIR &R “neighbor” of

the mmwglapp%gxg%oaﬁtclmgﬁxgs ;1 1';'?;5 V‘@T ilopam c%ﬁcen Qno onse eql:zlyﬁ, dr%tgng a satbsequent
annesl psiece, 9 MHEPRASTACERUH SO pﬂnﬁeﬂeejé@awﬁ?lg‘w?ﬁu‘i‘fe“fsr’%‘ﬁmg o e
extensiodse@ak agiehandp thlsang isginie fréstran #30ymay dd ugi@qjedp ot piglificantly reduced
diffusmnva@ﬁxl:@'is' BASeoh Rt rfltl.f Qfdhé RicR @O, A0 el 32 the vicinity of the extension

regions ,}% and b ef er ec[tl ? an&dﬂsoumg %g:%r?s :f‘z@ Iﬂ'ee Inm]::&!gdt &%Em 'dlf}uHc%'I xrn%I ‘b\/iﬁge the

e ont r}vent Lo 40 tiv plg junction may be
BB 7 L B S A Ayt o PSprsin s
establishtce et (el eshstamviebepintdapeid abrtigr $RAAN Tt BheH by arepseciied Haf ¢ appropriate
paramete? kdiddtidd GR IR GrddBRY 4 IBEthA QTR H @i of @6l sb@antially non-doped portion 4074, in
combmalmrrni\lmg g;g ?otphegg!y éeﬁgy&ﬁgea%%gt@rs lnEB/ &1&1@6 asxglfaglle ﬁ:@rQauon of a portion of a PN

I con ernaqbun1nat H In Figure 4a, an
ﬁmmm“%ﬁ@“??ﬁﬁ%???ﬁ? %6ﬁmﬁﬁymggﬁpr|se a substrate 401
including a base material 410 and a buried insulation
Faye pc Biehaticalan@irftesaheS@isisO0Hd att e cdmaiedon of O aljoge-dogripgi@nneal
process, OffenleBe %ép@zﬁlmg Rsd @kid g sduY Shiofhlido m3Pnow\RERAMESR extahd down to
the burnig msulaImﬁSCt r d4aQso dwtexg%n t-e%{ome 3 % @ongél & [llle%é'bl c@& :'\ M source

R e > Wil g t? f atec‘ as 489A is
regions ‘y@%hegfﬁﬂfogmegatbiﬁcﬁgcnlwé% Ptz%T?flOS‘,r_\ﬂ pl§ ﬁ rar?ﬁ’? p thyrgo c
tocated Witk stained pitioosagaiuna mateel GHSAGTR 1 B W%medﬁ@“ in other
nllustratuteQ{n'iKEﬂndn& e as Qﬁhﬁaﬁdﬁﬁdﬁﬁpah&yc@ fis 140 2riticRegia Frmlangtrctnheﬁ’ may be

omitted e rtlkqugﬁltuq URQE!PJ&J sna? IBQ omg Q{b%?ﬁ??? é:g:%?géi{ Gh}gﬁ§ mb Qlbstantially non-

dmmd“%ﬂ%ﬁﬁﬁ%%ﬁ m §“BF3VW%WD V described with reference to

Fi gures 2a-2f. Moreover, in one exenplary enbodi nent,

tFhere il anmehsit Ay liﬂ@&tmyﬁarbetoewp eseding ¢ afrhandlvairtieg gypixnent in
which r@ﬁe@&%sr&es%é 4161191)”:1@{3 fee BhtQ adﬁ@ﬂt @l PhcaddduSBUDE @n the basis of
appmpnata%? designcg sgacers sg Q%m olomlaqglhéa Iog B 4F {‘cng@Js Qﬁ§wﬂ{ Espect to the gate

e correspo %5
cleoods iy HerePe TS S R E A BT G <L oL fomed
when a derpisﬂfrnduaslmphmi@atme%yﬂ £ s ciaech 68 [Henfomationopt o eRiaFgly erown
silicon/gb/@RRAEL hbtWe, (LO/TBRE indfprpand. IN@SvirNEt imfkeatou bEeauyen bdriprmed at

this stagi, B%%ﬁq%%ggﬁ 1 %tP[t%J S dhd EQN%{)H@Q\@)W PRt Rmical tayer YD, wherein

a rcduceg S??é%ctnc%xg:]stslon an duce? mg{lacr)agt?ci% ener%y maﬁ gelmg{ :9 Y gx%ﬁéﬂcgntly r%clirl)]ced degree of
advanced nanufacturlng stage, in which a selective
epi taxial growh process 418 is perforned, wherein, in
a first phase of the process 418A, substantially
non- doped strained silicon/germaniummmaterial 407A is
grown and subsequently an appropri ate dopant precursor
material is added to the deposition atnosphere in
order to provide a second strained 5 silicon/germani um
mat eri al 4078 including a high concentration of the
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20 paranmeter selection for the process 418, that is,
for a thickness of the substantially non-doped portion
407A, in conmbination with appropriately sel ected
vannealsopar aneters may enabl e a reliabl e for pagiy@Reodras
portion of a PN junction within the strained
silicon/germanium material. Figure 4c schematically
illustrates the transistor 400 after the conpl eti on of
the above-described anneal 25 process. Hence
orystal depegrie thpsraiingsiireeperin alntaritus e G EEIDH RS ‘“H’Q‘Om‘f?ﬁﬂ"’ may be
performedd @MbrCO 1At doRtsPaSiny el betds, downprévivutihn desiribed edh irdfgekato Figire 4a.
ThereaﬁeL %%ng’res;%&ng,a@gaxél Suth Bx%ce@Qqs %H:slblgﬂl R0 AB2ndERY the process 418
nnect to the deep drain and source regions 420,
maybe"‘f'?%’é’?’egby forning the respective PN junction 409, while
still a portion thereof, indicated as 409A, is |ocated
Wgtrhbdschdetiay disrach B¢ 1ranssvr/"@@e v e eprITiEioR P th¢ respective cpitaxial
growth pﬂoQJsé/ AQIZLB'E; shtstaiBOUndo o€ siBRRERGInRiEdatd- B0 A ligHodtel @Fove the deep

drain andI sourgesr!:e%ra%g h%efol%mé) EU tf;@lﬂéh‘?y in Aﬂ%{)e@%alegﬁ L&A e[‘ﬁerbéﬁ@zci !:ongspondmg
critica, Cb antatlo

omesl i Bty CrPPERERATPIIE FEETM P PURBEE AT DGy BE e ™
junctions@Bd, ai ineivisulty striaired abtryin e peritnef @P gﬁswttVﬁrlﬁ Jupgiigns a0 Yorains Tocaied
within R Washandilicad/keymdabm- doead 407agi4o1B. 4 0Hefeatdrt @ firther processing may be

continued fgﬁprg&anlg\/h% ra@;ge@tﬁéls a%s%?%ﬁl the capping iayé: It QA ffkBling an additional sidewall
spacer fOf @ gub?ca?efxﬁémééaqor Elr()(f'ess Q,Ionsequerﬁjtg £ de enlb%% lgu[.nt %ﬁ%n@e(d‘ Q%gjuvngreference

rative
to Figurep M@de@sﬁp@@éggwewgu%ﬁ?m%\)-@\crﬁué a Hortf%roﬁtearesé)&jné%Wncuons
is locatddo if hee gait@/relmegtm ogdeerdD4vwiol fdrdenpimiigluigt d@Bge in the strained
s:lxcordg@ﬂﬁ’ﬁﬁprnlat@staellr%y e S gnRRsySPAGEN &1c4d 3 cSabiRG dpfix@DErakH pocess for

forming a su?slémtl mmng‘e}mdg&\&ﬁp %g'é@&rglﬁ‘% séf&@onﬁ“c&hm&gﬁpe(ﬂ to the

&Ctrode reover, at an earlier
rmnuf acturing stage, the extension regions 403 ma )
haw esivebnp:ton ireehtionbreridea scioproaddahdiva der triiranicae] GH transistors
with a ﬂ&hﬂ@%&;‘amgl&l & \Lmaanugatyage,,emafmmemmtcmg mEhmE@t i eanbORd iteincreased
junction %Eua% at i?!l l“ éémg;er&{‘lEle fﬁalalllrlg%gtﬂ/ e@@(ﬁﬁ%} Mmp @rulx §Jmf: aép@cls implantation

riate. atl on

processeypy bﬁ'ﬂ B]étc é)?f’ dvthgnam%?f U{cﬁs r%m tsgconfgcr{nﬁmum %Ptcnap ‘hereby providing a
high degrempmd»a@awngdeangmt PprsPERpRPN psopgerimh® Fﬁl'ﬁijy P e portion
thereof iOFitHirBe SRMRIGAMCGIcOF mhtarsl thedBPgrovdierisi desitt@ dcradiieetpn teakage.
For exalrggpﬁ @&b&%ﬁt@ﬂtdgéﬁﬂc@ Qlﬂaﬁﬁrcﬁ&%@%s AP ANtRdaicQNuRET 18¥age vp o

six orderz 6%’??1@%92 aoirlgﬁ%ﬁ%ge%&}? %%ag Zﬁe\éra[ag‘ndslcll%ﬁg ésg%g&rrgﬁ l’%re IWQ otherwise

n
il rQEPTRATIGIo6P FPEBRPOFBRL (O P AP TEL SR Py & Fiswes 2001
may alsognindytid b Riemifient itclvese iofitht iamitient Fasrec 41 Privaipatole up Ert o prAfEYP! magnitude
compare b 4 c&%n&nﬁl@ﬁt&g&&&oﬁ&n&g satigbhalDy, @R e88yed @GnitoBductor material may be
positione@ c%})/e tQ Fﬁg e eclie%§§ﬂr I»Q'x@xgm% B@etro@faﬁ;ogﬂﬁglyb%ﬂng We@ leﬂsanay be achieved,

bt 0SS e oL BRI LB ey AP PR o«
respectivg 1r8reppayaf the dxp@ chrEsrigsppbility. In other asqgﬁn@ ifpRianiptons P EHEOPIRE F19) Lvrms:c
epitaxialiglowthSdt ma biasied iR o/ getindiuain@rerid @8y bf do@binddieredrontpt ebilbdefagfrate in
the sﬁanr&@&anﬁc@xﬁﬁ&%a&ﬁalepl t axi al gr owm h process. Hence, a

substantially undoped silicon/germanium material 407A

is formed above the deep drain and source regi ons 420

bt s epciiris ISR oA TS g SRl Y P ) 7 300 e
practiced Mtifeadht @t cquivaRo rmmspodiray tathere akillqdrip desst ruye e benefit of the
teachmg§ ﬂé‘r&ﬂl e@}oroés&mﬂlfp tfeQrdbeds Q@pd‘ £6 PRE abdve niy ak PerdRtkdSO Wrdiférent order.

Furthermrgre n()opmttazr’:l ng are lﬁlqend(.%s g%l% Vdﬁ%% (ﬁ? lé'on:LQucl éﬁ%tdks%m%clé"qghovﬁsotﬁxé than as

P al ne d b ar{3 cuqare odi emg é}s%io d.above may be
describeq é‘§’EFe°H'PS\}’é‘°F*N i AP et ¢ % e RS T scared w thin -
the strained S|Ilcon/gernqglun1nater|al 407A, 4078.
Thereafter, the further processing may be continued by
renovi ng the respective spacers 413 and the cappi ng
| ayer 412 and form ng an additional sidewall spacer
for the subsequent silicidation process. Consequently,
t he enbodi nents descri bed above with reference to
Fi gures 4a-4e provide a strained silicon/germani um
material, wherein a portion of the respective PN




As a result, the present invention provides an
i nproved technique for the formati on of 801
transistors 20 with a floating body region, in which a
wo gbtasoefifi ci ent strain-i nduci ng nmechani sm ipgTgQmbMEEk
with increased junction | eakage to significantly
reduce floating body effects. For this purpose, in
some aspects, inplantation processes may be used
instead of in situ doping of the strained . , X
altered o6 iroitieNdrgentinant wamiatinas e jcantsideredh iR e g RG] At ARty fventon-
Accordinfl® Fe@eorffion shigkd Haichniiday set faricie 8ik gminbeldvhe respective PN
junctions, wherein it is reliably ensured that a
portion thereof is within the strained sem conduct or
materi al, thereby providing the desired increased
junction | eakage. 25 For exanple, in enbodi nents as
described with reference to Figures 3a-3f, an increase
of junction | eakage up to six orders of magnitude
conpared to the conventional integration schene as
shown in Figure 1 for otherw se identiCal transistor
paraneters nay be obtai ned. The enbodi nents as
described wth reference to Figures 2a-2f may al so
provide a significant increase of the junction | eakage
of approximately up to two orders of nmgnitude
conpared to the conventional integration schene.
Addi tionally, the strained sem conductor material may
be 30 positioned close to the gate el ectrode, wherein
an of fset of approximately 2 nm and even | ess nay be
achi eved, thereby al so enhancing the strain in the
respective channel region which correspondingly
translates into a respective increase of the drive
current capability. In other aspects, inplantation, in
situ doping and intrinsic epitaxial growth of the
strained silicon/germanium material may be conbined to
reduce the overall defect rate in the strained
sem conductor material. 35 The particul ar
enbodi ments di scl osed above are illustrative only, as
the invention may be nodified and practiced in
di fferent but equival ent manners apparent to those
skilled in the art having the benefit of the teachings
herei n. For exanple, the process steps set forth above
may be perfornmed in a different order. Furthernore, no
limtations are i.ntended to the details of
construction or design herein shown, other than as
40described in the clainms below. It is therefore
evident that the particul ar enbodi nents di scl osed
above may be WD 20071130241PCT1US20071007844 altered
or nodified and all such variations are consi dered
within the scope and spirit of the invention.
Accordingly, the protection sought herein is as set
forth in the clains below. NEWCLAIMS WHAT | S
CLAI MED: 1. A nethod, conprising:

15



formng a recess (216, 316, 416) adjacent to a gate

el ectrode structure (204, 304, 404) including a

si dewal | spacer (206, 306, 313, 406, 413) within a
sem conductor |ayer (202, 302, 402) forned on a buried
i nsul ating layer (211, 311, 411); formng a first

strai ned non-doped silicon/germani um material (207,
307, 407) in said rec™EWCIAMMS316, 416) by a

wHAPH €CAiMEpepi taxi al growth process; formng a second
strained silicon/germani um nateri aI (40713) on said

first strained silicon/germanium material (407), said
second strained silicon/germani um naterial (4070)

conprl sing a P-t. dopant and formng drain and

sour cé“'?“é‘%‘?%%? é( 320, 420) adjacent to said gate
elbatibtg adecesst @w@tnﬁ,e4K62@4jpccﬁ()w,a 404 elebtyodarstrbgure (204, 304, 404)

i mpl ang aladan g@@g,ﬁ@g%ﬁ%go Shanea 9 3&@%@% ﬁéﬁ.&ﬁ&&dfﬁaﬁr

and source rcg i ning respective

. PN j uréds ¥Rs402pfgned309 budggdnsulggngtiayar @ bat |, ﬁbl)body

rf@ﬂh%"a £22maindPddn-do dﬁ.ﬂfcﬁﬁf@éﬁnﬁfxu@ Ah@ridt 2 47UBEE UON % said recess
(209 309A, 409A) bejng |ocated within said first

“strai & %Hﬁl‘f‘ébwagsé H‘é(ﬁf"iuﬁi“ﬁl&(%'f‘? BPe$07, 307, 407),
Tibreninge tah edoralf sﬁﬂlﬁﬁdm:ﬂc(}nfg&tﬁfaﬁiﬁh Mawi | @0TB) boryaidn@rst strained

duct 0 7 d
i rot SUEFARRRT PR Ao R SR i B Padyy ator
t 0 obt(4(78) eontpesigha Pypvdepatthatl ext ends above a hei ght
'@%ﬁ.kg &i@&'aﬂ@qo&ae .@g.&gt@zd awlc@éy ﬁc%n@l@gauf %Qéele&%a structure

formed bet ween said ectro sai d
seni c6Hdui%of0d) hwrwre mamwyrocess and a1 adpeab SO ain and

of cl abme’&egndrb €120] 320 SﬁDﬁHcﬁﬂﬁE@‘éﬁseé’tﬁﬂPN@ﬁﬂmﬁ Q209 B8b LI0DAkith a

f
RN O R TR R T e
wher eibring Riadedoxithassid S staord sildoofgeomatieminskeria(207 B9k d07).

as a silicon material. 5. The nethod of claim
1, further conprisin rmng drain and source
ext endho weth@bggﬂelm( Q%@T—hcﬂef&)wwg BRI s Fesh saisQsAucky jmpferial
(2074, ti@’l)foﬂ Ish¥H Fﬁgst ?t?a'uiéd Elﬁ&ﬁ&%rtn&ﬁ&ﬁ,ma&l@ (261.@D7) to obtain a h@}ghtTB@l that
further

C CONpri s eV
evtends Ao 2] P s i e cpver PG Bl e gid eme
electrode3A@, 40416 satd cbndéohductol buyeri(20g, £4).d first strai ned
silicon/germani um material (307, 407); and

3. The method of claim 2, wherein said excess semiconductor material is formed as a

second strained silicon/germanium material (207A, 407).

4, The method of claim 2, wherein said excess semiconductor matenal is formed as a

silicon matenal.

5. The method of claim 1, further comprising forming drain and source extension regions
(203, 403) by ion implantation prior to forming said recess (216, 316, 416).

6. The method of claim 1, further comprising:
removing said sidewall spacer (313, 413) after forming said recess (316, 416) and afier

~ forming said first strained silicon/germanium material (307, 407); and

16
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16 AMENDED SHEET form ng a device spacer structure

(306, 406) at sidewalls of said gate el ectrode (304,
404), wherein said drain and source regions (307, 407)
are formed on the basis of said device spacer _
structure (306, 406). 7.The nethod of claiml, further
conprising introducing a P-type dopant into said
Samigondivizct epactrasgrecture 4300) 466 absidewiatiooh sidrekgciectrde (24 404),
prior

. 0 50 S50 8 4 i Wl s

device spacer structure (306, 406).

7. The method of claim 1, further comprising introducing a P-type dopant into said
semiconductor layer (402) at a bottom surface thereof prior to forming said first strained

silicon/germanium material (497A).

Y,
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