10

15

20

25

30

35

40

AN SO TRANSI STOR HAVI NG AN EMBEDDED STRAI' N LAYER AND
A REDUCED FLOATI NG BODY EFFECT AND A METHOD FOR
WOCRIMBIR4THE SAMVE BACKGROUND OF THE | NVENTI ON PCT/US2007/007844

TECHNI CAL FI ELD General ly, the present invention

relates to the formation of integrated circuits, and,

nore particularly, to the formation of transistors

havi ng strai ned channel regions by using an enbedded
AN 501 %hrhA?iVsmd)ﬂ AXOING AN EMBEDDED STMALS QAYER m;g iAd;liIDtl@EI? FLOATING

enhanc e pﬁg‘?i RV cETaRR]ME €gi on

of a N&’%ﬁgﬁg‘éﬁb é Aér?g?%ﬁ% ART The fabrication

of integrated circuits requires the formation of a

| arge nunber ofBAUGKGROUNBIOREHE INVENEION ven chip area
Lo ALY SR ool ogi o5 e cHE ontl G e

: 1 1

GAngralyy £ dressph By EHRD refalss ‘°c‘§ﬁ%>°l"g‘§<“°'é ioﬁlélgeﬁrt%{réﬁ ,"s‘!sg'dc’%f’déé“ ore particularty,
to the foriihtidbh OPTOSEES brving syhiordennelifgians By Bsing @ cwgféé?d Rl layer in the drain
and sourck %@BEEQL Qith¥ncle Shasdélchi@ibl thobil@NR tl&fchidﬁ& régixgitof pm t@mi:gor.

approaches, due to the superior characteristics in
vi ew of operating speed and/ or power consunption
BACGKEGROUVBXARY f | cj ency. During the fabrication of
BIRTRritatioh Bt ieggratk & ciropits eqiibsthel HrmaioCh3atze spmbsk efgjrcuit elements on a
given ch,g‘ drdal a%ﬂ,ﬁdigg wol § SHSS BFSit 1yolk:  GdNe:GINEANRrakty @0 pioSdso feshnologies are
) nd P ¢ annel transi Stuor Séucglgsemlf QA rygecés er,]stgrageu@nﬁjg LA e like, CMOS
currently pragticadWhEreS: OF SREPPAT CIHE s8I RoNGUEL or 1 ayer - A MOS. . . .
technologdyrig gtestixopne of nheeg?;egqop@s@g@pprmbqsh@*c to) theNuRaRig phafacteristics in view of
operatingts[)&@ §1!1<§Jr95w69 Eorﬁrxﬁpt{bh gﬂﬂ_ﬁﬂcoi Etlﬁﬂsﬂcs.t B:‘%Lriﬂgshed'ei?'sht@g g)ég,mplex integrated
.. CO es sq- cal I | 1 isfoRy 7R P-dAYnn8iNransistors,
crovis S TEMCIERRo 7 b ER A 00 e 6l OB
are formeyl pih a @RbsiRY delEing e SERNEIUTIGRSE A gd pos g *on reske
whether RELISRARE triGistE af NPchyhd mamiser {shrensidsted.ceompatgh smhcallqhPN junctions that
are formed Ig]ydzchlLtlex){"Acg Xgﬁ%hl% Iagpeﬁ Raansh 688 1@flons! wifh. an iﬁ\h:&elgl ldbpe@ channel region

current capability of the conductive channel, is
disposed bpfiye S AR 158OR2Y SOV LEE Phde formed near the channel
regi on and separated therefromby a thin insulating

ﬂé’&)‘hduc;fng o HaQushbiEdioh, 0, thd@ive Radaetapatalfy ofthe bgduwtive channel, is

2.

ormatign of a conductive NNE| pse -+ insulating laver.
) controneaabft gtﬁeaet ?cgﬁ e ?rmgé: n%ab %e ghanne?xtégo}g grld ﬂi%?edttl%réﬁlaﬁx by a thin insulating lay

_ ropri at ontrol vol tezgf to.the . onofan
The condyatiatyeff ¢hetchasdd ,reaefélpél??é}§°r6ﬁ“‘i“rﬂ§ ad’ﬁ?ﬂﬁ‘tve chweentrat vy 13 -
approprihth @qd'ﬁBb{'dlﬂaéeYtoQ_ﬁe bdue ela@jods, idependshar ge dglamtr j:oeq:egtrqiqd,, th§ mpbility of the
majority%hag | VGl )éxticg Ia%nlerpgxténg_gn ml?emﬂﬁlnelrr%rﬂﬂ tHe Rrahsikor width direction, on the

ransl Stor W dt N direction,, on tpe de stance het WeRhh  Hence, in
distance tHgEvesth e CRUEH AU PRI R Rl SHIE® WAIFE AT alsS Teterred ’
combinatien &@h dhanpellity ehgeilly ¢eatiee 2 corduetdistshinael RetpWuibe Haspiaiee laver upon
applicatigxagablixel LdnMo10Fotta@Diotiny gateeadctrbdd, @heCoVREN Cdohdtetiiyasfntgé channel region

bel ow the 1nsul atly q Qpﬂluk Gt LRBidAlof thB &n 1 length, and
s“bS‘am‘éﬁ’h%’eSP ‘“%%‘1‘"@55*%’“ agce% f g@ég{sed%gfi ectrode, t:g% over al | :me.  desizn
associatedothetensth Y Fspugion ©of ghecthapletesifeY SFRIET K%t eh?r'%/ 3 cominant cesig
criteriond6 a6dofipAdig bl Bicieese frohagprGangabeet hEthp OB gtaed pisjus- or S .

Thus, the reduction of the channel |ength, and

?rzg g&,ﬁ%ﬁg #1%&%#§F£u%nggtorr rg?{%}é)lfnso Igisgsf [‘P:l]lll'}‘aglitg Ic';f’;1 Jsgxlgé associated therewith

C engt’ om nant |
that havel @sHegidressidtse p$ EMOf widulz offeshidt pdhiteags elrfained by sigadly idppreapipe the channe

length ogg%??z%tsfkﬁ)rss gl’?fld ﬁeﬁ:ortéihgofu'b flf]eﬁ@c:luaﬁcﬁgf ;fﬁﬁ;?:, i;., the gate length of
i i lex process
the trangigiprs,cRecessifsfel g pqapHgn and po gséb %glsg o%i ated ther etg% f8ly comp

th that
techniqugs ik hasobds PEAREITER 4% @lgo €phagee the) ch%xpel Lﬁqmcgyvné/f cff g trfnﬁ:gtor eleme.nts by
increasifIiha BhA@ gD mabiligdn ke himedidiyn fHhee rvas cingnd Ilre'gtbh'_aﬁﬂé'l offering the
potcntiall o gctl-lhew'g% a mn]“lgn@p §1&p§<§v@&x§m thg HY G(ﬁpﬂaﬁglc Q@lﬂ&ﬂe&@%& 1 laZ&ure technology
reduction of the critical dinensions, i.e., the gat e

I ength of ‘the transistors,degegsitates the adaptation
and possi bly the new devel opnent of highly conpl ex
process
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techni ques, it has been proposed to al so enhance the
channel conductivity of the transistor elenents by
wone7aaed4ng t he charge carrier nmobility in thePchaszmi/007844

region for a given channel length, thereby offering

the potential for achieving a performance inprovenent

that is conparable with the advance to a future

t echnol ogynode whil e avoi ding or at |east postponing

node whildTBVYAikH orldd @adi [pOdpoRItE neng OF e arebibmaicndpuntered fith ghespgocess adaptations

associated \P?tpé e eh?&rﬁr%ggsgg{ gi;ﬂhtlggrﬂ\%c%%;sqgﬁl‘ %C@re&ﬁ@' hée @lrlaréa‘l@mer mobility is the
modxﬁcatlm qle'l lftf}cei Sgu‘tt'ﬁ% 1%%thu?x{§]ar€¥|81h ?or ins .ar ce t1y C{ean% tg'l%ll [anS'Esswe stress

| Ce st r ucture

in the vicihity dffite cbima¢inegionrte produse afcgreququapf@@ 1B>9heé:p@af1 TegiPm which results in a
modified &&ﬂﬁ& k£ ef@ltroh AR h&18S ke¥&c§¢el’y€ For éxamplBSompessivie Eyauofn thedannel region
may mcregsggl? nrﬁ!ﬁhhlﬁé g}‘ ?ogesit %ﬁgy\?&{gwc in athg %Ft%lgﬁ?%p gxllhg&nﬁg Lﬁéagé?fohﬁbnce of P-type
wansistorsl itoguctie ofGirese OF 1S F-FEF L0 iofoEaf5a 8’5‘?“%?‘3‘1‘““1‘3“ js an extremely
promxs1ng%§ﬁ‘8&ll or FErHBIMCRIBS geriEratidn,asinte, ifor civepls ltzained Isﬂlp@gmyﬁaewalyldered as a

“new” type oS Tcﬁx?@r A} all ' vt/ﬁichorna QhBR: tht RAESIBYN BF @i Sévirgful Kehiconductor
en | a

or enhanci n perfor mance of y Il-established
devices Y‘Iﬂﬁﬁglrﬂ“lﬂ‘% ex-PﬁEWf: n“f %ﬂ‘(&&c 06 nm t]enasst r ghsga g)ra\n)SP 9 (;f Hl% well-establishe

manufactu@ing tedledubsgpyistilt e uset egrat ed circuit fabricati on s an
extrenely prom sing appr oach f or further device
'%ére E‘ﬁ?{ tg'ﬁl %g Isa%) alclp %’16 hp € m bq@ S E'LGA;ST]@{S%EQEI%%ACEcPW]fomg a stra%ned
silicon/gemmenimm lafer injfhg @'p,m ﬁﬁ%,sogﬁ:agﬁgémf ﬁ%th(f gﬂ]ISliSteﬁt lebeﬁeubgk %{gqresswely strained
drain and BEWEYS rt:é«iJ)ns SR ceRid Cleaidjackay sil@s chvinhd oagiony &g thiy ¢ndgthe drain and source

extension \/r\EﬁD &5 %}' %agﬁ%? xgs%golljscflrg ForsEH &l thébais oY"fb'nhxﬁplEIﬁeﬁMn Ofrherdafer, respective

fact t |
sidewall §pagsEs arerf?gra@f%lﬂ@ ga{;??negwgi% a-ag ;Sequgl LR fgr ?‘F} qulon n?th c{eép Aralp %nd source
junctions RMOBe infeah siliddeon 8 litg reavhfartona: Wef Brigfi t dhedforsrarion éEF deep drain and
source wﬁétlohg Q9 ?ergfsﬁ{]hﬂér&ie&%@l& fedtsded ®addl dinNtha Bidevell speeers, while the NMOS

|ons of 0 r r M6 f¥rmed in the
transxstor§ lée8 cﬁpgﬁechueg %15 (Eopbd ‘é‘x’ﬂ%n%&%awxﬁ IQJEPR s%ﬁ&i ¥1§ ffrmed in th

ce'regions create strain in hedd ith a
PMOS traldgstacbmpltmlall BrowHh teq#alﬁvﬁéi Tyrigiiigrive spgmphiilicopRgmapiyp is provided wi
certain d&br@1 &F "@Véﬂﬁlﬁ‘%ﬁﬁ@ theYepidxsal @rowtte (i N tofredubrethPiiABumption of the desired
strained s1110010§er?1t Ol{rg’ m %ah d%n@%%ll%‘haageprgﬁﬁlﬁ i@fmlhé){] metal silicide in the drain and

L1 on. ereafter, res ve si dewal.l C

source reapr@ fprmbmgaﬁtreciuﬁeél c@xg?cé re&stgx&cle.r gggr tgesselrecétlve gxrpévgx ?r§c%93 aﬁg §1e formation
of respecdﬁaf drhih tahdsouk rdgloss dletlaqz)quha}nnl trgmeistare gp g@ tﬂ'a%%ft qoawgtzogﬁldmplamatxon
techmquets f‘h% a%ﬁﬂroc%éé'n%e%nﬁeﬁ t@aclnaett@ﬂopﬂiﬁé’lédﬂ ACErydling isplag@ion-induced damage.

riror to the t t.h " also diffusing,
Moreove]r Sm}glﬂ&fgnea][%%cgsgn’ﬁe c'*lopants wnhm &1& g!?a?n%d 9[19) erﬂﬁﬁt x%%Erc%?e Iso diffusing

rons are selectively recessed . . . .
thereby fhaseiresretivh @Nsw@mws‘éb&e gradned jHicréecprghuJpyST and within the adjacen
silicon mhteAdiSi stors are nasked., Subsequently, a highly doped
silicon/ germani um | ayer Is selectively forned in the
%\/grg d ;F}’aeggtlxcfsqtlyglrilgs?rgt&}e ‘é"tdr%é(ﬁlo%l %%%?hannel zaenggtgrl H)ldq’érmed on a bulk substrate

ermani um i s provi ded
101 durimy o tBspectie@drineal proctexgiO8 e Inghis 'm@vé'?cp‘npg stagg {he ﬁqjlmftﬂrel 00 may comprise a gate

electrodcelféh tn@fﬁhﬁg a Qﬁ%l Qpa'cé} SQlEddﬁé 106QGind &ﬂrﬁﬁﬁmtal‘g%tcﬁxcﬁlsmmfpiMeOWS fat separates
the gate ﬂgcgrog 0|4:f§){ni f}thor;lg Iregl%rq 18& Ll \9119 %ﬁme%ﬁagﬁﬁlb@hd l'neﬂgpplymg an

cess 1of orm n% Li%)f xt ns nre ions 103
approprigté) eongtplaiohiass tithe A dlestipdy) 0n LjapT b‘{“’a'?‘i‘??' ﬁe iog 1P GHEs é’ g
may be 16Q1H 861 cofnBSie S lndb& fely Aigh esnctrvetieaif e Bitype éoxgpto Wkt tpthe exiension regions
0 mieeibiisabn and source
103arefamed‘i"ﬁ§]ypJO?%SL?%L{:IQ%E{} lqltea‘r;lzln5|zétors on the basis of
conventional inplantation techni ques, an anneal
Thoeasistol B0pey be fored! dohakssis ohvell-esighlishedstechpigues as previously described.
During t&@ arfrbal ShoRdsh h G the WBpaAR i i Qrehsital iegshs doaTagan thysngdgrgions 107 may
ring the anneal process, the dopants within the
strai ned silicon/germani psgelza,yeg are al so diffusing,
thereby form ng respective PN junctions outside the
strained silicon/germanium | ayer and within the
adj acent silicon material. Figure 1 schematically
illustrates a correspondi ng P-channel transistor 100
forrred on a bul k substrate 101 duri ng a respectlve
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the gate el ectrode 104 froma body region 102 in which
a conductive channel may build up when applying an
wapp7apei4at e control voltage to the gate el ect POUAISI®4/007844

Adj acent to the body region 102, extension regions 103
may be | ocated that conprise a noderately high
concentration of a P-type dopant. Next to the
extension regions 103 are forned highly P-doped

diffuse, asShdicuddas 1B drtow6th Gaslivaubiainmespegive BY jt@Hons AR that 31p gemapletly located

within the SQ10ﬁrr;r§e}§a£ ge %g rlafg'\l;%geagtgea g%%l §Ah@ée (H&l Jh?lﬁﬁtfmi]ﬂegbﬁd?d “L; the excess
portions l?,%@fé@trfegi sxltc%g%m egions lt%{zl dem he atc elecgroﬁ foadll %% sis of well-

St on regl ons
establishedi$ilibidarior taéhngihesai ned regi ons 107 naydlffuse as

indicated by the arrows, to finally obtain respective
Tthﬁ é)rcgqre]:ffcst t:g%nﬁnsqgcé gxg%! tpxléc]‘)gllde %ﬁr%i(gagxm&ﬁ(ﬁxtét?%g fér%ﬁ(t %@wW &ﬂr@ the respective
cavities fog peceividg the Hlerined h@mﬁgemwugénareﬁxpm hle ﬁ“’&‘f}‘?éf ?Xlgtg ghe sﬂxcon substrate and
the PN Jdﬂ@tfdné @R bt pohtiakd WrkinShe slicv@omaérial, clomdby @ avidifieuley leakage junctions.

However, 1t tgms fnlﬁ éhsapg r%ﬁg% - -11:14'!]19&09 ?éCﬁ) @vﬁ:@st El@ﬂs%atl@‘lm@fbetlaeefhasm,ﬁue to the

atiop te ith
limited thﬁ}oﬁ:ese%féhq Sé't‘ﬁﬁ Ilaé"ﬂ'ém %g?aalgg E?dtd ?thcltsc\g}h F%ran \q/-g)ﬁ %rc}éltecmres without
additionalfbody douitadts gte vansidgedaher e t he respective cavities for

recei ving the strained siIicon/gernaniun1naterial may

be. et ed, deep. LNt e a 4 B qR-Nor increasin
IP 0’1‘?&‘1 gﬁ Sab?ng de%:nbed snuaF Jg ggl[s] %Q&ist{nr £ ﬁr:@m i que g

the performanag rof 81 tﬁlﬂﬁéP‘é bX/“‘B Pt é‘fﬁ‘fﬁd PWFQ“@W&Q’@'GPT}% i iygstantially avoiding
or at least QBN E6ne ok InoleWF RS abdUK-idédtifitd préldemssi | | con- on-i nsul at or

(SA) devices, this strategy may be | ess efficient,

due to the limted thicknes vilE jlicon | ayer and

i ncreased fl oati nBt et transi st or . _

Bre@Ebliohvigiponess asintifert suaediviof S diveion | R oRETvisle g Pesic understanding
of some gs D3 H8RE Brvenkibn, VTﬁWsthfmalrﬁﬁ b 8 exhd@ s e dvestkwsiftthainvaprion. It is not

X sts..a ed eanveI P& € |sCHAE ftggmvenxn Its sole
intended *or}gerng%/%eﬁ ﬁr %%al nlem nésro m%hn Cué gttga §9Y cglu]i %‘t@*&l@ 9&}‘; o tion. Its so

tr ans}|1 stors }/d dlgscn tion that is
purpose il @epr@knts%pmapwe@j’fssle gisplifiedciosr anapelfaiodhe Rpfp dgstle P

discussedimBist anti al |y avoi ding or at |east reducing one or
nore of the above-identified problens. D SCLOSURE OF

ggn\e/gag qu,\lﬂf;sgxtet ufygrlquog Y\sn ngcé rtg g%&g‘%%% dlzalt %Bdes exexhance:%I g'g@orr%ance of SOI
transistorl hRid iz o eltaltgd cflicspremagiopentteriabfin theereiPAgign tdfaﬁ‘n andyqpuige regions for
creating QUITTRIA én%mnglt th@nch%ﬁgéﬁ%%tdnv hOMB! \ih @Ak Glpettn@he corresponding  strained

sxhcon/gci&:?l%llteuirl-]% Ig?a?eélfllelﬁé% t cp ot cl?sgté)?or)]cde ttoq.hé ga‘?é‘&%&%dé‘ eMoQ:Bver the effects of a

ntionor to
floating ®UDFe typficail @cpqqngeeqqtlp eﬁtlallp'tdgplgtéq %Obm“ﬂﬁgré »\iltgmtt ngS‘P@%‘ bﬁ?y contacts,
may be &Qxﬂﬁcaﬁ@ﬁ cRde8 Hypositicingpd périiedof de nesasctive PN almgdenstwithirh ghe strained
s1hcon/geéxé1 argum rr}a%n!ﬂeﬂ;er ﬁgn':agigxé e réspétwé J§n<§tl31$ ehi&S& dinkeAiIRbr/germanium has a

resent _jnvention . is di
valence pang wﬁ'}sqﬁ@é aPRﬁ%ﬁ‘miﬁ?‘b\}?%’g ?X‘f] g?f&%xaed tg 18?nﬁghr']aéegy u*cre%&g the respective
body/dratn/saiited &bdnr@rrbm@hdJdhumncanosﬂqa’aﬂlgﬂe@0@F¢We’é}t¥n1ng’éﬁwh?f%ﬁﬁamm typically
accumul E% Itlél flda@ngt my rxﬁﬁpﬁ‘ec{nbr‘é %ﬁdﬁeﬁtlﬁ dREHdrgsd Uhicedby rs@ifmy reducing any

Or creatin I red st c cti 7 in straine
thresholc\,m:ét‘a%ei ﬁmaﬁnoﬁxg o écorzﬂ?ﬁetg tone taﬂ)ec o rp.l;h 5&? 3&59 30 Qﬁ'& t (/éw &lﬂed trained

espondi ng strain 1 techniques. in
silicon/gssinbiiorohagraiehem be rsireefdmplantatios IBERBETHIL %08“"“‘”“" eoTmIques,

which, d@er tQ)équ:tEd/ dlmuﬁlkb‘amglaésﬁeoeloeﬁfeﬁt@dﬁamhm nigdwahrdopanheneeptration £r the drain
and sour%;d-ﬁx?xg llﬁ mcoape gﬁteggg%ig §§lectt1¥epép9éllil %ro%mwagse red in

transi stors w thout additiona
body contacts, may be significantly reduced by
p.@&drdxhg)ﬁloﬁglllastrpliuetembcmxmefnt oftiee prese dnyveition, app]nljc(mzfeqtqrgia]\gce comprises a
silicon-c t&ll?ih% sm&nﬁc&ﬁ ha@&qcnﬁieli bt @ Blrga Kk il Mhy¥RhrAra gate, electrode formed above
ereby i1 ncreasing the respective junction |eakage,
S|nce sil'i con/ ger mani um hasg 3ary@l ence band of fset of
approximately 100 mllivolts conpared to silicon,
thereby increasing the respective body/drain/source
di ode current and thus junction | eakage. Consequently,
mnority charge carriers, typically




10

15

20

25

30

35

40

accunul ating in the floating body, may be nore
efficiently discharged, thereby significantly reducing
wanyotidedshol d vol t age variati ons. Accordi ng t BCOS2007/007844
aspect, PN junctions may be effectively fornmed in
strained silicon/germanium material on the basis of
i npl antation techni ques, contrary to conventi ona
techni ques, in which, due to expected difficulties
the silicodédnRinin@Sgeebnduetor] Myactwhge:nethfaigﬁte Flectrdtle ipisgptararg pvietom by a gate

insulation ?aﬁerc el sreﬁlﬁcb%ctt)p&evicp Burtldr @bxﬂprﬁ&di SERWAICHadee PirmdiiSt ‘F]a gdewall of the gate
corpora ed duri r] a sel l. " acen o
electrode ﬁ}d@égglgcd sle{&:exage(ﬂnﬁl@ 81a8 al %haltt ?n%g lx¥ @ E%&g&% ye ad_) t to th

rative e
sidewall spher. pIMES@Mr, h [Wpam rigion, ang ScEHIFE SYRRACHD e PR "o e sisined

s:lxcon/ge%mgﬁll S8&iah vielelnlC @8 vERNfegion afld) the estrcortgios tdefine| 2 fieting body region
therebetweéeln egeerdéﬂn a soul’}cr: GI%%BOV i %1 texll an‘s ltc?éé%ﬁe x@ﬂ:gctﬁe gﬁgﬁctxons with the floating

e silico n
body rcglgemQWQM@rof Fhay@r_]uncmé 'sé?cﬁtef % 1@ étraéx}eg 81[] &al&ern}a%xum material.

separated therefromby a gate insulation [ayer. The

ccépdlgo[&dalx{g&xg lll.ggéﬂvg gmﬁcﬂfnte'ﬂ?&f WEﬁt&ﬁ@ntﬁn% dawel cbmprises forming a
acer for I’red a Si

recess adigeegt o a&@&legv?ﬂleeem?“g% e R e
formed oh B HuHe@l seidtiogdaect Ghe mag@r fuab;]r a‘e@pﬂsc&t FraiRg assfraé%qllrcon/germamum
material 1§ E\@%gss Mﬁ]%\ég draxa afld s’&hﬂae fegighsQie fafiibd adjs@oirtc the p@g¢leptrode structure

for med ar t KHSJ‘ vwh @m%lierd’ﬂxpglqi source regions define respective
by an ‘°“§F‘Fﬁa’?:t?>'ﬁ’7‘é’é°r°nan uarﬁ1 ama i a erein the drain re

PN junctigngwitthe flgasing dedy @élpb ﬁnddglrelr%thﬁ drin, gﬂdl Sﬁbrc% be&mns are gormed such that a
portion oft R efiadtioRalocaldiavidingthestainel Higon/ gremmagh mmtsnaér e f or msd

so as to define respective PN junctions with the

,;xlfq?xg}ﬁnlé ?quﬁgzgg rl’el I&rgt?vg a&%d{rﬁl tnof { eg)%ars%nt mven%an t.5'?11%th0d comprises forming
a recess aﬁljabd:nc oY gerdamedsrsrnquire melading g\gléqyya&sppgertvythm%eﬁmé:fmductor layer that is
formed oh b LSl n%tﬂaéi'r% lﬁﬁb oﬁlr{l‘i&ﬁforeg)é fitsh@rapeESRdoh/gérmudnd maRerialds formed in the

recess angl tg%?aggdaé r%%x{dss ame(P sxﬂom%e@&a&gﬁﬁﬁarﬁpb%%akg LG. @pegégpﬁnt material is

ructure 1 nclfuding_a acer wthi are
formed og tedirit @@m@d@ﬂ@?ﬂ’@&})@l“m’t ﬁﬁfmall SF‘FB‘F‘F@EF S’ﬁmf‘ GP8 (?Xtensmn Tegions

formed ddjASdl &f {ho %a{eaey&ErodeTshﬁctﬁietﬂy(ﬂﬂ ibw limpleration porcess @igd fap apreplgprocess is
performeg ltfr‘{ xr?e rrg:se ectlve k’kg&@(xglg GHRL h%g‘%cﬁrrég@dn WwherdiN € pdr8&hasE She PN junctions

er I'n_and source regions are forned
is 1°°at°da‘t'}}hat§§ﬁ‘?edt58‘°f’ﬂ%e“§§’t“§“ BMEWr ode structure by an ion

i npl antati on process and an anneal process, wherein

the drain and sgpwirssHERFIPHONGOf DRAWREEECti ve PN
junctions with a oating body region and wherein the

qgeaxjtml;]en jon rf]ayqﬁ:ru%g?\lgtgﬁl v 1¥er@dcE f ME ?@JQW&E Q&c&;ﬂ@ﬁ taflen in conjunction with

ions is
the accompapipa aviEe POBHEPGET AR A TR ““‘P Pomret
anot her illustrative enbodi nent of the present
IF%}{l%qtsEtQﬂxatlc@llmtxﬁxQQs £PRRhheS Bnsk©f mamglkaorif@ﬁlﬁm in cross-sectional view,

acent 1o a gate el Ctr’o v?cfﬁ % étoglPlfhd Rdiofs are formed by
wheremgI agzngl |s1h§<6)é% g amun't ﬁnannzg xg m S Oen let OSI%e_l or J[u

ha
out-diffubiog thecP-tyne dorsnts thsetby mesificaing ﬁl& qewgfve P'I:{J_PLP ‘@P Eete within silicon
material hidcbRing & doavenfidhattdhhig@sy ger mani um material is for med in
the_recess and thereafter a second strained

et PP RO VG I RERL BP0 kot QAR Rosing bedy
region d6iirgi afits geRMaciring srRds@pdoaling tﬁuh@mﬁw@dm&ptauoﬁthamsem invention, in
which desegwa&%nf&x%e feRfs 8BRSy Rnemplalamee; adj acent to the

te el ectrode structure by an ion inplantation

process and, an anneal process is perfornmed to defi

e 84-B Y whemptipalip diystmia crgistspptional Migws PARY S dpoyssy e % floating body
reglon dml%r \ﬁh&s&n&%&hrﬁfg S&EGSI hRYdB'NhF Hmteﬂ @ﬂISOTI/ Sermm G’dteﬂal is posmoncd m

W thin strained silicon/ gegenmssisim material. BRI EF

DESCRI PTI ON OF DRAW NGS The invention may be

understood by reference to the follow ng description

taken in conjunction with the acconpanyi ng draw ngs,

in which |ike reference nunerals identify |ike

elenents and in mhlch Flgure 1 schenatlcally

. o -~ 1

R s o,
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out-diffusing the P-type dopant, thereby positioning
the respective PN junctions conpletely within silicon
worb@EriBeds41 accordi ng to conventi onal techni quesPCFEU§202807844
2a-2f schematically illustrate cross-sectional views
of an SO transistor with a floating body region
during various manufacturing stages according to
illustrative enbodi ments of the present invention, in
close proxmw?:b 6 8RRncllFoRioh o e bSBUE & isfostyleaprserdn escordmaeitipyet they illustrative
Igntatlon Figures 3a-3f schematically illustrate
emb°d‘meé’f‘soa§’s sectional views of an SO transistor with a
fl oating body region during various manufacturing
FSdug @5-de shangicallytitestrate crabsrrediondl Views Af ang%?lﬁﬁmlﬁ‘fﬁ with a floating body

region, in %&cﬁg b@rlxod of tlgqifd Jtdxc(ﬁ&%ds lth@eJdQ*Sﬁth’rﬂ%ddﬂ‘ilibgh/geﬁndhhm material on the basis
hannel io n

e ats! e presen
of in situ S‘I‘P(‘Pé Ia&ddﬂlca@ xixaﬁe eefali] Broheésr acc r?ud%% fug"hgpiﬂm& mB&ifAnts' dt the p t

trative enbodi nents;
inventionand Fi gures 4a- 4e schemat i cal ly illustrate

cross-sectional views of an SO transistor with a

f\’hxg att}len gwen%gy 1£ e&%e%&xb]é q?] Wﬁh&ﬁ ﬁocﬁﬁ&a‘xbr@ naﬂaf aledt@utibN forms, specific

I'S | oc in str Si I /
embodlmmtbqrq:oépave heepﬁl@%l v?yaf exlaxﬁplg ?nt g xg‘%wm S an He dps’gﬂ:e&lm detail. It

should beARPdré ] ldbvevea e de descopten demined mgplﬁgerplzydmptﬁ ppé]ot intended to limit the
mventxor\Ah in?éZJa{&ﬁhhrVﬁnﬁﬁEQéﬂdsQ@ HuSorPthe tcb}ﬁraﬁf[ s GRtkntiof ¥Lidt doodn .all modifications,

Shivka! L Suscetlb o efine e appende
equivalenﬁso eﬂdf qlt&ngtlva,]éﬁlgﬁ avntgfnt e I’P t an s?oge Gt EaQ nxlgl{d fUS defined by the appended

ive specific
claims. enbodi nents t hereof have been shomn by way of exanple
in the drawings and are herein described in detail. It
f]hou' d b]? WRIBER) RO% ii\%outrh@h;imm@szﬂ ptl on
erein o

|
Hustiativetembodimerss ] ﬂ}fﬁn\teﬁtanﬁg dﬁﬁp?qdiaulr)\gr I.nrtg m{e]re of cliantg nat all features
of an acthhm@le&MonC eRtdesdriped inhigs pm@mtlpxgnltpglltoécmée aaprpmated that in the

developn(g%j%ff an§ @Lﬁlc'h QPmal e?rﬂ)gax}fx@ﬁteﬂln%rouﬁﬂﬂbl&ﬁ&ﬁﬁ&iﬁpb&ﬁﬁdeﬁ:ﬁiohé Mgkt be made to

achieve %Qeivﬂ@)arsbﬁyectl ! rolgt psgﬁazgzgrg xance w:t'i1 SVYst ’]}/ E\p: 8%(f‘bu§1§iess-rell\ailéedd conlstramts,
which willyary Fiella ond\ENERIe@Rtidn tp gaditient M%O\@ﬁtfdﬁll h“em’gwa?d fhﬂtéuch a development
effort mxgﬂVBé%Jn&Qx E&{demﬁlee&ﬁgdnbﬁg;l bheb @i ndverttelae tient enstunddriaking for those of
ordinary él?lZmdléeyagrl-n e%jta Lenftﬁ?& Hntl‘s%%clg{ urdN act ual inplenmentation

I'S specl Ication. It will of course
be appreciated that in the devel opnent of any such
atd pradkent &VHARH RENiow brLeBribedovithnfbresre trt tht #tarhed Hespst jVarious structures,

systems aned cie§ ]gegrzl% s%%‘ratugﬁy Wedt if? t}@(&?d\@r\r‘]gg é’&rhﬁgeﬁéef &g%ﬁf;;:lx f;ﬂ:éé;?d so as to
it s o KBy TS SR L ] 78 pehic o

vary from
attachedmnmi’een@mﬂeéttq ety and sy 1lluw|n§o%}nplesr ?f %F [pfesaaémvennon The

words aﬁpﬂﬁ-ﬁg& @Eceger&h StouRUsNunderslenaedn pita@pitice id vt amaghibg brmsistent with the
understagc?ur]r%ﬁ tt )gsea\gord Crxg??hrﬁ %pg’ %srg glth}']&w;‘ th\é\pellgvgnt QﬁVﬁB EJE@il&l&ﬁﬁmm of a term or

itior (o ose ol di nar %ﬁn n, uncierstood by those
phrase, tdyen dafipitipm pinig defFféenb AEfthg ordinary ;3pg °‘tf °§E‘fyo‘§ &8 "ﬁ‘h
skilled i€ S€ M intiite ottic dmplist by cansiver @sadesiahd thrachr whreds besine Fe Hie gxtent that a
term or ggr $eN€ irfthlAGH §vel 4 %E&%ea)ﬂ%% iQUS rdahiHE billérGtfign Gi)tSin@daBood by skilled
g devices. are s

heled o anner tha
artisans fSB‘fh apsQF ggf IKB::P vgﬁ Ié}[: g)ﬁaé?sis set nr?-n 1Et &pecxf‘xcglo%hx? QE@\M 14 Sn that

n o to not

- directly @rlﬂsmequeontahxeprpwé@ehﬂspwméqﬁlmtlewfw\ﬂ? hma etRfPs that are

wel | knovvn to those ski IIed in the art. Neverthel ess,

(%6?% rh?e%ex? 1Mtr1>q latE‘,se to J‘l?coxlrl?&g!le'Qord(géf)rti-agﬁst@mEQchitecmres with a

Strative exanpl es: o resent
Roating] tade FrEionnin THEN AR afﬁawﬁhwa@égduer%af FEPEPS FREG pe form of
embeddb IR DERaLhantlatbddl &1 Doedopdf the dhanaed sourpe saziongjas well as in a portion of the
ojey nt Le AR B8neafsultBsCa POHISHS o€l respective PN

ﬂoatmg Ody rgtsogbfh%%%e skTolunggggl%r?gt he rel evant ar}mjf No

speC| al definition of a tggdygngphrase, i.e., a

definition that is different fromthe ordinary and

customary neani ng as under stood by those
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skilled in the art, is intended to be inplied by
consi stent usage of the termor phrase herein. To the
wexb@Entodnat a termor phrase is intended to hRCe/US2007/007844

speci al neaning, i.e., a neaning other than that
understood by skilled artisans, such a speci al
definition will be expressly set forth in the

specification in a definitional nanner that directly
Junctlons, et dthé'&ﬁﬂdéb\&ﬁ)&krh the AbaNE Hedy rédien a&pg'mhghlyd’ecfop?ﬁ driip pndfsgyree regions,

is within the ﬁ%axfledr srﬁtcgr{/% ASBmatSRN efh%lrés)ﬁtmg NG eREqERAEN 1edRYRHvhiCis considered

I con-on-insul 1 d
inspproprie o W AHEE LTSN PRI TGy giefg“’ SRR b et compare
silicon mdurighhnyy gdfiie breafficisdt lepkarei pathuler p@mp@jgt ?hagﬁ]c?rgerﬁ iy the d@aﬁlng body
region, théra)ytsgﬁif’ an{lme@ufclng Q‘t}?‘gﬂﬁdm§ bﬁdr&@ﬂﬁ@a{m@wamamharoma hls¢ rgferred to as

portion of the drain and source regions as well as
hysteresis eﬁe"éf portion of the floating body region. The drain
and source regions are formed such that a portion of
y*b%pr%&mﬂ&ekxgﬂnm MBGiFicaKiSg process, fhat il dy botmiag y rdsesciyseteh process
for formugna dcorres%g‘tgdmré%avxt?%y rec&g I agﬂ'o?rﬂz l}I Jéﬁctmg gxmﬂhﬁmﬁ) ohl 9&%&5‘& fok B subsequent

S, IS W he st

ed
implantatigp pqoquﬁfog @pﬁxﬁﬁ}hﬁ ﬁ?%aér} ?r)gl sourwggx?né 2B c{ ?plprog'late anneal techniques, the area
of the redp&ﬁi&r& asigithctinnGt frovidel edthigthe (smpe@hsxlpcgn/g,qgﬂgqx% patgrial may be efficiently
adjusted, lﬂ{é?egp LRP Enloaitiﬁg aQ:F)ntlQJ-lJ |nl%cﬂﬁiéincfeﬁada§taa@&&dreb.yreﬁ laegréccstjo@don leakage.

Contrary §>| pv&%tf?nﬂ,éetacélpxrgaftat% t}g? rrow 13% mgﬁrﬁéé)%t c%cerﬁ&ﬁ%@ (Nﬁﬁl to@erable defect rate

I Cl ent
may havef ©rbedmeadrmnl iasisddaphng r°é éhﬁ‘c%‘?al“F‘é pilicqnigermpiup| 'Baé“t“iah 3%68@@"‘3““-"“6“
formatioo/ &@Wﬁmct&hﬁh@ﬁ)&m§ bigblefd Ggtifidaipt in@ehse biignation teakagertblirehy significantly

reducing ?]%?tgn%t I ody te%ecgsg ﬂ 'txéllplgxéxlﬁaﬂﬁn?,l 1m\5§:|§/édaﬁﬂx\grk§xrrerﬂlo§§hbxhty obtained by the

provisionpf gl}eg;ﬁiupfg st‘ﬁ%“’ﬁ’?&?ﬂﬁ“‘“&b?’ﬁff’""r‘rgl“psr"g @éx o? B‘entso Q}I;el ;%}tgmxmce increase of
SOI trandistéit widh bifloging bodyspgicd mae st} bdqmp'p@gb‘gqus@pmpgﬁxmsﬁagneg semiconductor

material i %fogeepi&%ﬁw 0 916 GRMhd1 Yegth b[’y@ﬁﬁgs§d1s;@§hﬁfe @ﬁhli:d:rﬂ&l&l'c)(n the offset of the strained

oct apt atlQ such as the
‘sxllcorﬂgqrﬁﬁ}l%ltnggpe}ngm Beé é Igst OR‘Q pet[;geent??/r ﬁ'?rﬁ othdae ed%\H Sl%%%ﬂlgnts h th

Form rarn_and £ the PN
formatiors L wealrsitigide rstha drdin apd FOYRei regies. aﬁﬂ‘éa‘l“e‘t“é(c‘ltiﬁ FEgRFEEVe PPTign of the
junction @Jc@t@d anlthinhlﬁe rs@ﬁﬁkﬂcillhc\bﬁ'gBNaduMﬂ Ghdt@iab may & ated fimibtthinpreased, thereby

prowdm%p? 8 egt?a{l Ii]or re dﬂc%n%%gegl Qﬁﬁer e%&HQ l:m@; %&éc@l Merpﬁre the stramed silicon/

al so rOV|d|n
germaniyypmiierial Hay 1|lq§ pecasd%qﬂl P(ﬂg’owl]eg »Ylé\da ﬁ‘céﬁ é Iﬁg c% oﬁ%c E2d metal silicide
so as to rlo&&]ﬂﬂg eelax @ itrhigddydiapialcio the ovivinitg nbthe Qb@g@hqeg}gn assx{s g{e c#t§ in convent10na1
techmques ?Bcc r([a\ gdﬂmé’]gletgf Shidapant su%ﬁﬂﬂtﬂlﬁﬁﬂ &Hﬁgquthrhoﬁthe drain and source

defect ra . o me
regions xazarpﬁnﬂ deaaﬁ 1§1H§ stéatlr}egl 1%%v%e)41\amum Tatenapget\gégi% c%ghnlelnr ébl‘t Ietlnd th tal

I'con/ ger mani um nat er | al E 3
silicide. Coypequattht Wi alseeseed ofaleyRa Y e HPV‘M apqYR e PSS YraRF el piljdde regions. a
further efHAAN Gireds tRh @8t fomQRI HiredsOildveser itrh the tapdoii @vhdngel ket may be obtained.
thereby significantly reducing floating body effects
while still maintaining inproved drive ¢
Siipi eqesBLRPRETS SyPHETEPUTTIEE 8P L AP Eguneions may
be poserieh IwGtBin/s gatcd RIiEanBenBin@im miterial witlsteiiyckd igphpatation-induced damage created in

the stralge%bs?ﬂb é‘nunjx- nxgtcﬁﬁ rgy%%ﬁ@a@el} G&ﬁbﬁﬁ&em@fan@@n sequences and doped and
transi stors

e y still be
undopedjepitaxigharagh Eﬁ‘ih’b%’gﬁ ‘?%rﬁrﬂne ﬂlco & aa}mnecfg Ag%rﬁlpconduct or
material in close proximty to the channel region by
byBiki G fieridd sp%amc@n;&aﬁﬁ@ dravidpe Birthert iflestrative s@bodifnenth eof the present
mventxoni? tﬁvrdl I gﬁ eneltsg%njbc 1?1 ard ?% uﬂkﬂ@%? Edh@xhatx@ﬁw iRBrAd xH%Io@sdsecnonal view a

om o evice r ement
semiconhpeor ﬂww&?ﬁ’ iR 3 SRR ] R PR ol T ansitor 200
may conRi¢, GEths @@ hTRSurinEaASegsubsitato 201 iivhiding g hase ma\veal B} wriddppmed thereon a
buried &L?&Jﬁaf oo U RGL éxglgplle QGduBSraid 20 N iy tePRsehii 4 dlidaf Bubstrate, representing the

Si i con/ germani um material may be even further

i ncreased, thereby provi ¢hgig driie potential for

reduci ng even further floating body effects.

Furthernore, the strained silicon/ gernmani um materi al

may not necessarily be provided with an excess hei ght

for acconmodating a netal suicide so as to not unduly

relax the strained material in the V|C|n|ty of t he
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sui ci de. Consequently, when a stressed overl ayer may
be provi ded above the respective netal suicide
woegirane41a further enhanced stress transfer fPoOmMUSE®7/007844
stressed overlayer into the respective channel region
may be obtained. Moreover, in sonme enbodi nents of the
present invention, a portion of the respective PN
junctions may be p05|t|oned wi thin strained
base mater$dl 210G QM@&BM&I theioi@Bdikdoh dioxidé taper peghy@thdr appropriate insulating material as

the buried 1:E$Ja? I?ﬁtql%%r anYy. I lEquld&e&x ﬂ@m& 1&51@%351]& mitibe sﬁEJn&ioﬁlExdmg crystalline

ermani um mat er i plate
PSR L R A e
componen@ ik Maytre0bn T rewicorfdu¢tprdayst 247 mPefdla‘sfi 9 ‘P’G‘S’ﬁ?sg‘e feﬂ*étfﬁdlf?ﬁ‘he formation
of pamau?’%!'r %ﬁl&@iepletw £81 EakebRNGRrdiA ih Remanenpangmibodinaits\s thigkness of the
semxcondqcmiq;{ I ln%ml';llsnitanrlgra?téo\{rg%p%p 1Srr(x:a|rt Irf% ?(?O(rittmn:) ?‘Eﬂhggxtﬁgj@ nt gate electrode 204 is
formed at@ae S EmiRerdeeHrIgyel PILEin Fouaien UEREEE Y H1% iy Biprpos. For
example, §%H& Mo it eibodRbrit,al: ARG leciiie 21 mapheeesemsgd inthig@janufacturing stage,

of polysxhﬁta)o GCI;PHeﬁ top {tnd\%e!ti hwl?erefnl Y ﬁ:hétﬂ] Ot 199 gMe El@&'o@emoti Tthz§ il Fights &t horizontal

extension g{{#he ga‘tea«il%:tr%g}ln?fhﬂa%i)ﬂlaatgly E’Q{] ﬁ’é‘ts&g}iﬁg tl& %69 for gx@t]gnce a rox1mate1y
50 nm and lBQr Fb1gBe ibtntatierdlayen 3@ radyi rergesertpey apg@mnatq:@j?lecg;gmnél such as silicon
dioxide, si1il&h FHRS tm@t@dla%cmeﬁaemoaﬁemona thiebf .0 thedilth s Theada@, electrode 204
may have fﬂ%?%%ﬁlgg{épn%ﬁ% g h:z?‘pgueng )li(rzi%t ezrl? @Jhxcg ;lngy f&%taﬂ& lte%ﬂﬁﬁ’sed of silicon nitride

o 1er .'aor sanéxro her ng a spacer 213 and, if
or any othgspppROPrit materieb.u MATFONY> AritdeYHafPaces ERPE
required, h RS @t inBgbd Byaded 2ildidevky ofalk mre ddoaods 204. cRlespagtivel ipplaptgfion regions
203 with %B‘é&rﬁﬁ} ilnéit I?cm@i1 %Ltko'n%@yP Qﬁ)gfdéﬁam Loy &rfyrﬁlte@lidjdc&ﬁ td tﬂé’ fte electrode 204
€ 3 Ceoxr'za conLent drgloaLXce exten ion reglonscfor deep drain and
including sy P SEICTFCHR BT THHFR™E Pede 5" any st‘h
source regi@Rpiine bt Srinedl. t he | ayer 202. The sem conduct or |layer-
202 may have a thickness as required for the formation
partially o | 1) t i e the
“M@’r‘"@f RFO°FSH ¥1§8 Pﬂ“i“%% S}?eg an\s/lgt regé)ao ghrrgﬁg' s‘,é%%(“t%h%actﬁ?lyeg%mms
followingrocedses. e providing the pubptaa)t@%Ol 2'012"1?]‘&'3‘/" l}aéfhﬁgnqdrﬂ&:ﬁon the silicon-containing

layer 202a-mﬁ@,&bﬁm&ﬁ{x%uﬂa&uax@&rda&sesﬁuﬂﬁdwtm)foepanan ofdsolntiod BEPIGE/@Ot shown)
and estabé Qung as ecg'r ?%ertu%?go gnt%;ﬂ)@ilesig Eﬂe‘ié}%ddb‘ét 1@Feqt!m@¥ exﬁayZJQ %e ed. SThereafier,

ate i nsul ati
the gate %Vode%%ﬁteéappt‘ﬁ lyFeO? P‘Pdt}g"t fiaéﬁ‘f‘s\‘/‘ ?dr%e be {"ﬁ%med from respective
material @ly&s tforadée od0te hmis dfeoxitoripn alénd, depqtmph |t@hrnmqu<zit9tv Py gophisticated

hthograpf&j Wﬁcﬁtecﬂ@&dé' I’rh&&ﬁer, dRP&d: 014, un déﬁﬁh&d m\ﬂ&'l ®& @brihed for instance by
of the s%at e

of (5 mso opical
oxtdatlon'Z fﬂé‘ SH‘&F‘?“E’E}H’t%ﬁ g%?fs fnsyhge %m%eé% 'de apomﬁn% a &ngec d:qw Pan%% tropically

ectro
etching tgppne et e inplandor risresAds BrYbH reiteait AFrPEdY, drginpnd boutis extension
regions 2b1§1 ﬂh@%ﬁ&esﬁ&ﬂb@ﬂﬂpﬂﬂﬁtﬁin}baﬁﬂa&x{d fhag Belrehdily $stablikied gxathe basis of simulations,
experimenii S8 @ fa@n layer 205 may represent any appropriate
P 3 Tec‘trl c material, such as silicon dioxide, silicon
nitride, high-k di electric material s, conbi nations
Figee e6fsclendtidatheillustiers thE hengudr 0@ |1reeﬁm@r@quednwuﬁ%fvglg stage. A
further sfdgv('eﬁp%a&p stricturd 80% 18 Wrfnd& 6n &d&ﬁaﬂl@ o g1e|ga§é&lect2&d2 20Mhiagdarding to device
requnremg}ﬁ] wafrﬁlgra vggté PE%F Fpabg st(;u% rio% is ser%:)teg ll/ldl %Qﬂéct% 5 Hagﬁlg%‘fect during a

eover, a Si
subsequegigupBNtainPIGESY oz fqy@nig |df:e§|dr?gl @d §‘ﬂ’é‘i§é?g1°2§_ gmdélﬁa Wlt}'l fespect to the masking

effect duﬁﬁ@#ﬂnét@l@ahcﬂe lFdriA&fon 3%5&&5&1@&&1‘60@8;&6&6 &fcessds gegraitiess2 1§ fare formed in
the semxc,ogglfcg)a‘iayir?gg é_] glqgo &Qgpacg% é .‘Zdﬁe 'I'h@pglaéé?ts@fclu%u% may be formed on

rate cqnce atig
the basispf valhestz@bﬁlaﬁ teclwwesb@:ltfd&gﬁléeocoafar%ag ger,?f)sqtlxog ?ﬁ gmer n}a{e]meﬂ if %qulred such
as silicordi66dd md eheditd, and1s hubekqmegyt ddpesitipE @ spagdr matetitly sgclz@gnhaﬂvmmde and the
like, follg@éé Jy%g aﬁé%ﬁncqrcﬁ IpH)céQQ) t%ﬁWeQ%n@ﬁfaﬁﬂﬁh&E of @€ pevisusfyaleposited spacer
rain and source regions still to be fornmed. A
typlcal process flow forpf@rcng the transistor 200 as
shown in Figure 2a may conprise the foll ow ng
processes. After providing the substrate 201, which
may have formed thereon the silicon-containing |ayer
202, well-established manufacturing processes,
|nclud|ng the fornatlon of |solat|on structures (not

T o Y
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material |ayers formed on the basis of oxidation
and/ or deposition techniques foll owed by sophisticated
woiodTagezaphy and etch techni ques. Thereafter, POeuUS2N@007844
214, if required, may be formed, for instance by
oxi dation, and subsequently the spacers 213 may be
formed by depositing a dielectric |ayer and
ani sotropically etching the sane. Next, an
layer, whe'réﬂp&@mé&tztiv@ Mingd| ®6LsEed? by aoays dg@ffpe:plf emhn;@a lgver. dy skenldbe appreciated

that othertdle?v?ce arcas, anﬂlragx ngxu{ngtgncg)ﬁ @ﬁx%lepﬁlan'é&gﬂs Oy b2QRaskedpEibEto An etch process
éspec F 've | 1antat|on

e rea -ostabli
217 for fq;gtnamel TE47ESES 6 t'ﬂ@ e&‘.aﬁr(g: I”I{IF ?ﬁq%ﬁréeg Oélxtﬁeegams ¥>f twell stablished
recipes, wiitéin fploeesk pacanetdss, guthes s cslvhléﬁmnl @PIRpes Soperati b repipaslit of the
ion bombgrﬁﬁ% l tﬁet ﬁﬁx g&gq} &F i8nsf 44l ik aike aelvamCagropanel§ adjtstidi ingrder to obtain a
certain degxa? ﬁféﬂldarnetngnrna é‘%ré}resslggc%\flvsatm%mre % eﬂdofb‘)&e&' Cciuu rtc?thg Qétrﬂct%d thickness of the

e gat'e el ectrode ! ubsequent
layer 202.8l0Ctrhatadgss BY isletonpedsa e PR RETIES, amﬂﬂéi’%‘ifﬁtaﬁ‘“wna%a Gy @ subsea
selective SpfiEkis? PRGAIprévkdsCt ure 206 is selected with respect to a

maski ng effect during a subsequent inplantation

process for forn1n deep draj n nd S e. reqio .

%ggqﬂwcbqqnap%lpjé]&str{ & P mﬁ:g eérﬁg g&i &iin g;ele&%a@]&lal growth
process 2$88liGingl @hikD b KRtined mhpcvdg;emwmﬁwmh%% gowp E's‘b"eféquﬂ?éﬂ‘s During the
epitaxial érg\g‘&?ﬁ)%és 9{s, ﬁ]@\éhtt: E@&oaéﬁMaJ @lidb B Fesled Hy thev@pping layer 212 and the spacer

structure S’Zp? ugg %«g Cl%%%at!v%ﬁgrboc? ent, atgnlz as‘glgcnige teﬁtagugle gr%%cﬁ{)cess 218 1s performed

acer struct
cobstantiahs e biiES: FOpPHEIPPI Gt 483%%&1*1#@%}??&%?8? PREPERA ‘§°h“‘q“"s %
that the btHne§ QNFcOHY gERharileP dditckiblOZD70hara bé iprevidedrat @r jubgtantiplfy undoped material.

Consequenﬁ% l'tlher chcl’gﬁs cgr?él Spgl&[o? Iglr? eﬁ%nagérg%ﬂh%@oc@sg Qli Hn%/ bd sk@uﬁoaxﬁﬂ réduced, since

I
in situ doging p ﬁoxix{gctnlninatgn alﬁanztl bm?qe{ggpye\f:% (}DBI\}'\lé Cfv%ls mhy reHulrIl a%?ecxse and stable
control ol MheSBEfea{yE Cprce:b{sl'par_un@[l;gs such @s rcexppeqp@mpmpﬁ Erewfsg{ a?jiofaf'rixeé (gases in the
respectva tlepgbtﬁm Q[n%‘éﬁﬂﬁl‘és in¥ rQSﬁQQ@' p‘i‘&ﬂlt@ RapahtuR)E the sitiaedteand thiellde. Moreover,
an excesse]fﬂf)%%%% %faé g lpro’\qdf l:ﬁ)ve %e gﬁgied gﬁgon%gltmaﬂﬁmarﬁ]at&ifaf iOQ ' @ﬂtls in some

preci ated .t
embodingay |tl[9@trm@agmc¢qngt<ud1paﬁgal 2pHmay ﬁ%q_ng htaoge a N:_l%)h ﬁ‘ﬂ a3 &egned by the height

level of h ﬁ@%ﬂ&% Q0SS of Y ghte inFRIstic@dayer 2@, Incsoaw ilBSETHIvVD ewbadirents, the excess
portion Zﬁ%A nfbg Iéubstantxnh 905; %)%n(i ﬁcagsal?hgt?‘nt %ﬂ-@m;c-gmcl%; mbkedil Qﬁﬁﬁﬁbe&];Zsumed and

basi s of e
thus convfeggq 1p@§ m% @}u@filenm ISII%(E deu ?5:&?"13%%?% other Sif}]lg:)tratlvc;‘t %m%odlments the excess

portion ZDOAGEAY Hegirovided Gh t}pdfoyxmgf a gilierar gtaial the(qlw providing enhanced flexibility in
forming ghl%tgps‘illc%%l ﬂh£ ¥or9£n iObR OBis b&&’@@[xﬁﬂ&rﬁf welllegatilishient silicidation techniques

may be ua?eﬁrj ﬂ‘lgi‘%'&alFY w1g1|9g éalgm% mtﬂu%l{:ed b ?He ppe@éﬁcpgf tl?e%ﬂ{cgrpéehggnﬁlnymatenal 207.

certain degree of
under - et chi ng of the spacer structure 206. Moreover, .
‘ﬂ'iﬁ%retZQ sdhB@atlc@BtiNisthietihd thingtore96 dofng tingoplaniption PELss 2ihie form highly

etec rc ian Q@Rﬁ%a Qi il 8 aANELWRied BEdIAING layer 211. It
P-doped dl‘r%) d? ggfﬁl gla%ci ?r%gd mat er | ZI xf or

should bg afpessipted glabtbq Wt&}xowwﬁ prlmaz g ggrfon,:_:g onS e %Q Bf process parameters so
as to mamelteARhdt 8 abrtign of| the sbinert sifisory pemasiwr HPTE WToindinissh o 0TFopbstantially
undopeddyrr rlasﬁg:tlae ﬁﬁhaﬁﬁﬁénvs@ep@ QthQK b 8dlo Qﬁ;ﬂ’e\Mahorszrﬂ GieSitke 43 tel perfomgied in order

to creategarrﬁﬁ%ctw?]getslﬁe II\?S eg Iare:a mgTé)%xet{&” & Bu IRSE@JV%,LI 'exp?a%%d |b§ creating a certain

(e e iy Al 0P Watdin masked
degree of pODESY (RIS the peh pfagees AF feprotie iDiganspied P %1 pr'207 remains ma
during tﬁ@x\‘x@faﬁl@ﬂ&)’pr&dﬁﬁ 18pieRgh thayied of APpativeh 207 ngip abe be adjusted by selecting

appropnate t:l'tI é?%llj ?Xu:% Qhe JnP %n |2M Uvﬁén aq'tsdu\é&l s%ggptgé Mn Zofmﬁay be desired. On

ve e proceg 8 Is
the otheg l!Pb@t Hrit waaeuyowcﬁ%a JH&B?%@ dgsined 5‘8 P&“wa%t% *‘tg?"g“l“’“ tlted halo
implantAiSn procebsahayl e pediarmed witea @ager dpPP*nU@]ﬁV‘@ﬁ? Fhe dype dopant used for forming the
deep drat,r?é}.t!@&u‘;’éée%mgmd hat the strained silicon/gernmani um
mat eri al 207 nmay be provided as a substantially
undoped material. Consequggdaefisthe process conplexity
of the epitaxial growh process 218 may be
significantly reduced, since in situ doping of
silicon/germanium material at noderately high doping
| evel s may require a precise and stable control of the
respectlve process paraneters, such as concentratlon

.
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enbodi nents, the strained sem conductor material 207
may extend above a height |evel as defined by the
waebghtodsevel of a top surface 205S of the gat CT/US2007/007844
insulation layer 205. In sone illustrative
enbodi nents, the excess portion 207A may substantially
correspond to an anount of sem conductor material as
may be consumed and thus converted into a netal
FilteCle Aéheinttically Bi@ratesntirufaadstar2Dh durive ap @mmeplpresese08 for activating the

dopants mﬁixe elj{%%s\r}clﬁlts b%ealnﬁ HitaQE’ép'H%aﬂﬁ Sod sbii@ r@@f&)@ 3. pand mmglte’m}?;ﬁemayws 225, the
P-type dorﬁﬂn@\ﬂ t&? ﬁaélo%srﬂqa tgazofalr 1r1g1 \{/hde %t?ﬂnmgngéé used yQﬂeﬁQn}Slamatlons
215 (FiguZh)cind 219 (figtik @dpmeY beonbspdally rcf-ﬁvsttﬂliwgd C%@wagnetﬁqs 3F e frﬂ,al process
208 may s aﬁﬁ?dphﬁtﬁ§ ts@&teklssb Q6l 16 bitdif b dadited shape Py u@stlmwewherem a portion
thereof, 1bcﬁcé'1§eg as a'n tfén%leli y\Van Q l’éL‘alpe%I ﬁl&oﬁgéén%m %Qatepiyl t h& example, the

he sil1con germanl U

temperatufechnd thi évfgﬂq‘n@é‘hp ynqczfl PEPSESE Q8er§aytbﬁ & ‘E"Fg ﬁl.g?Fl él}a c %voa{?ge clhgililsno% length of

the P-typdbpiniRII@Athad & Gistape basS diPedtive P jumstion ghﬁﬂyoqnﬁﬁeus@a the lmplant:a\tlon

process 2%99%9 adHal ar?gpthégﬂfxﬁ@ sJu%gﬁgQ-Hﬁm&g Ghateifl 20N WAHis @Xd, @ @ortion 209A of
to

bEor example
the PN Juacms? &9? gtnéable/ %n%?rﬁzlg QNS neg‘ Xn?cl:olpégr]ﬁamlxé n’fhl&glgi %7 £ ple,

Ian
as previobrekplaingidthe peerdgof g,asgpgpycﬁunmf té% @ggatlﬁrépfahxé{eéets%es %lo6 éxscoingmauon with
the 1mpiarﬁﬁh&t Fhrdthefts &t&%broaespolst inig redulttine ssfficiantnefet to allow efficient dopant

i con/ gerr ing28d ds}ﬁi@ﬁt\ﬁ%uﬁl& 20Q:Bal 207. Since the
activation ?J"sz‘f'arﬁ?l SRR }Hg]os g;%EA‘a%l ?%tg Ective Lnp ; ) 1

diffusion 9?"@]!38" of ils darants i) maa'lefi ﬁ‘b‘f"é’ﬁ? IBIH rrgxﬁsaa nrxlaérrﬁe ret(adﬁ)y lrx%‘e;tlgated and:or
calculated) @n PEprbiattese: ofMprodeskepardntetery way be astqbb:gp@ en jtheebagig é)if lreéEFctwe results

ConsequeNﬁ§I %%Qea gf\a(? @, inrﬂhet J?&S-Qé?:ﬁ&l S¥rigfd HBtheAdng By &\theQidaloyt 209A may be reliably
al ne

controlleﬂ?}? qhﬁ Basis ﬁgthéfﬂ?:cwe r?)Se::dg %i‘.cb?,r 23'9 enabggg%g?dj&tm&W)ﬁﬂé 4ot of junction

IS ensured.
leakage dnltaitus tHeeflpiznesi oafrreraoﬁngr e SR T ff?f@ atfipating body region that is

substantlélmleﬂrﬁ‘ﬁ 8} 'th@@inﬁl’y%&‘iﬁd 2 Qunciidie Red. NCinsuently. ghofespettive drain and source
regions 22@ ma% Eer efg ?Zﬁy ?(?ri‘x ﬁl?ué E% dﬁigr!x %ﬁ%ﬁe@lm&@é&ﬁ&duﬂﬂ material on the basis of

ring L nt at i
implantatigpgerhpiqyeadrhile @t & z@motrmet e d?ﬁ'ﬁet(ﬁ aﬁ“‘?ﬁn‘gﬁﬁ?ﬁﬁ mag e coriltrolled in order to

significafl§Sddu@dioaliag bbdieetBtther hand, if a nore pr onounced PN

junction is desired in the portion 207B, a respective

tilted halo_inpplantati roce

5’%‘6 l}ﬁtsé}}ema%lghp flluftéﬁteét t&/ érgxesgm{ %80 ¥ Qgheg g%\gaﬁgegetgan‘ﬁfagtﬁmg stage,
wherein fretal §ikividyi ragjorts 232 deeeformaRdain theagrerss g@ﬁl@e 7 éging e gate electrode 204. As
previous Zﬁ)schskéauﬁeﬁer%ﬁlgSﬁhﬁﬁTﬁﬁé 6Bthdtdtial lnhluaddrxﬂtl©$xteh€p¢mfal’@761 a@rappropriate

51hc1datx% %{E"éé rg%' use%n q:%la Jnstgr[cg qgﬁé ex%ng pérﬁ«gn ﬁﬁk'lé’ ﬁ'E\htﬁEﬂ it 1€ form of silicon,

R extensi ons
o s B B S OIS Tt RO A oD IS S e B tr e
formatioh Bfa Rspeype koD aifitige. | Bintehtbe mewgl glipire 203 isgyybstantigily gesaricted to the excess

portion QLLK sHBc’skaggally\ﬁ@ Etl’a@n x“éfa)(a%&@lnlail HEcaflRIBORs regionI S thkrybyt gi6viding an efficient

npl ant at 1.ons a) and 219 (Figure 2d), may
Svmng%%“§%6§?%ﬂ??§VW9 Péyé ‘??5fllzed The paraneters of

t he anneal process 208 nmay be appropriately sel ected

S:ﬁtl’ﬁgfexteﬁbe Q@Fl@\ilres R-Aemither dushapeentbdimedr®N\of tprtsenriny2@Pn will now be
or.t.

describe 81’%%! Qetaalt n whn%hh € gnlgﬁxgc? 8{1 8n/'g£]41'ax§@rh %‘Qteﬁzﬂ 12&92»iﬁoneld$nore closely to a gate

traine e mat er
elecuodmpm@weémb?%eww B descafrer” YH\% BTPScS DiRat e

anneal process 208 may be sel ected such that the

E}ﬁ e{ﬁ%geja dzl Lzrny@tblofbol c%ﬂlgxtlslgs REubkiire Rﬂtlycﬂhﬁhr&(}pm mbtﬁndl 8%®and a buried

ovine 3 LESRES! Ly dilCle ertics of these
msulatmgéwgp}] ]axv;di%:} eiﬁzéeop ﬁ'pﬁemm nd?gor layer 354\| JRQ g B %?bﬁ rti f th

r ocess 19 and
componé el anye eﬂertaweplgtaﬁ atemiopslys piplainsth MR FefFAcR iR FELE AP a|M°‘°°V‘°*’ in this
manufac%gxzxg leQ: thB irSnsGRS 800 il htghte RleABBA3@Y fotned aPiVejtharemicoriuctor layer
209 is rellably mai ntai ned within the strained
si li con/ ger mani um mat er i @hged®F18 For exanpl e, as
previ ously expl ai ned, the degree of anisotropy during
the formation of the recesses 216, in conbination wth
the inplantation paraneters of the process 219, nay
result in a sufficient offset to allow efficient
dopant actlvatlon and re- crystalllzatlon mhlle Stl|

. o NN N

. P —
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Consequently, the area, that is, in the cross-section
of Figure 2e the length, of the portion 209A may be
woebizabiai1control l ed on the basis of the abovePCT/US2007/007844

procedure, thereby also enabling the adjustnment of the
anmount of junction |eakage and thus the efficiency of
renmovi ng accunul ated charge carriers froma floating
body region that is substantially defined by the

302 and seharftéd thitefedd B A a ikMagidirigler 303 A&@@xng@kynrs%a Qesgts|ayop spifgsce of the gate

electrode 3r0? RES }e\h)\éﬁwg %pgl:ep stﬁﬂgre%qbl I'aGind §£He@fi’e% vad:f 313w, il Eombination with a liner

t Wi [s] (+]
314, provid¢ qu@aﬁrcg%ﬁuﬁg% cg‘ﬁ%leréﬁfe ?I]?cgf)ge #ﬁf tln oxbe i ustrgt'i\{eaehﬂg&iment a width of th

spacers 313mﬁbledﬂigathle dinert 34 hmyqu:e@pro%jmapeé’ H np 98 sgaﬁgan{ly mgs fuﬁlemay, in some
lllustrauvedé?r%ﬁﬁleﬁg eJ/éATBG taﬂ)p@cfklljrlzﬁaiﬂ 2gR afdesD Erhe anisisor 308cks shpwo iEigure 3a may

be formedz:fn tgec% k fu%s Tnltlglly tﬁd UGe rAcQs@ttécﬁlquQQQszr&Uu% taSscritfeld th @eference to

tes t {ran tor
Figure 2af (it shiyndg ba@m@@é ﬂmﬁ'ﬁfsa@gruﬁlmﬁgregll Q’léy d op tr%elbaslls of conformal

dcposatlonﬁwhﬁxh&"c@ fa18@EdBYSvel 2R kedfagisam@pic etoh priaeesssx C’@g émep’éH mgyppe formed on
& gate electrode 204. As previously
the basis ogan oxﬁ%aggn rI’Jéllependl ng on the type of nmaterial included
in the excess portion 207A, an appropriate
Fadukd i sclvtra tally Bodwaicepbe tramaiplon 200 dygieg, anfeish PIOReSt 3wy, foynping respective
recesses oﬁ— Qa%uf%%f SRS HRQbrhibABuc Ther 392 plj@¢hde the kpacdrlv@uchupy 330 Depending on the

spacer Wlﬁlﬂ'l 8}('&%? Cc%g}éri ?p%ereoog lrxr|1r£ &ctﬁ?gt g Eé ?Je of éﬁjsgpop@%f @k alch Bx‘éEst 317 may be

nat i ons t ner eot ff% ?13 ma g)e desxgned as a
appropriafebyr conthraled. o Thpa s B ad9w spopsidth LK et Pe &ray
substantial ) @nifBRbRE eBh pro6kylia ordPtol sgbsuldly avdid & ¢rlﬂuerwqft#<éq g §1etv6:1mty of the

gate 1nsulat1c1% lae gf%ﬁ &nggsbgﬁﬂg gtglzéclp%u Qﬁfcﬂﬁl{e ls@échye With ﬁipEc& ltd) for instance, silicon

ed well-
nitride, swqu\/gxml%argntheefﬂﬁe éc?r:ert]u ngy SIP%P‘}] gte{:laq(%n %anhQ] am%wotr}g;;xg bxymner are well

eneratin ani sm
establishediid the mt.a body region 221. Wth reference to Figures

3a-3f, further illustrative enbodinents of the present
| nven“ on w iv @Jnlaa rdwith process 318 for
%‘f“&'ﬁc stc}heémg%aﬁ %ﬂlgs%éte Exrg%%g‘]‘ok %dduh& dRk&i g@&x 1 g process 318 fo!

I con g‘er mani um mat er | 31 t ial erowth process
forming powined eifie/sapraum| el 307 gn Tedeieseet e 58 88%‘6" effove P

318, nonh@pgdrbﬁlc&ﬂgﬂﬁdduﬂﬁnhﬁte&ﬂ mslydargrand tgeby raldyog the ¢dnpstraints with respect to
process cgbtﬁfr‘ I;:grx%a?ed 18 cEAvgleroﬁ‘as sl%ﬁeg?éts mclldamgltﬂauﬁtemz’s@opxr@ i i@ pshBhady explained.

rrses substrate i ncl
Moreoveryift @elxl&‘stﬁgxxecral??&mgmbw |Stéadn°§ﬁ lfﬁ’ ermamu gmag?nagﬁ)? nl}]ag be fcbrme(: url) toda
height lefeDBéTREd bihde enninsulgienlagaPBcings ar %}ye hel@(!-) @r awe@gweﬁtlﬁ@a metal silicide
may not l;eh'g RELRELK b€ §1s&§se<§ ﬁﬁﬁ@n C@Bﬂaﬂﬁﬁ Iﬂ{eSpacthl 3adde Capping laiyax 312 may be

Cev OUS| ectivel e récipdd b&ed on ho
selectnvelzgem%tgfl etBE gxrstan tﬁ gasg o gqg' ¥¥'1 t:tu/ @Jt %ﬁe%ﬂ&i? ICQ E pd d hot

rranu acturing st agazl ed of silicon nitride.
phosphorfcragidsihst e cappios labemé & aglééheépag%rf al3gr *‘esB‘Bsu‘aB yéﬁ‘ﬂpr’fs nmed
above the sem conductor |ayer302 and separat ed

f“lh Ge84 %%glng}éalﬂ/ SduGied BS whalsio?Bod &Mﬁ%} an>idplanAtiGARpdesB 15 for forming

respectivg G;gfergh')d '%‘qg‘g\é%:g’gﬂ%\}‘é}(’)gaiu rnfdaig g 81‘(1 n oie th%%%e(ﬁ Llﬁ&ngqﬁmum material
307. Depp@iigfdnatic windtoh oBEBYY the nxtermmrwmnis 393 itk Frongeh il g%fﬁte"tmde 304,
addmona@ [)ﬁéé{ Q@cei"sQﬁot SRwRESS Wrikkd asidelvallsh@ thg adtecletredt 0dde

In one illustrative enbodlnent a wdth of the
spacers 313 including the |iner

gmpqe@x IS‘Wa’P@iC?“YI@“SHﬁ?SdPe téa}n@lﬁtpnf 3108 é’?’ﬂ Tug}ﬂl?' é%vgncgd Hxanufacmnn% stage. Here,
the gate SREMAE BOAIRE Fainbd/ @eresnboflithespmer srvayre BRS, abjsh anal e ugp gnypappropriate
number Qfm L& Blguak opsa§er al-gpxgné i Q&b&%@é 1ineP BhaRSal$S m&ﬁmhcﬂ td-prguilccthd desired lateral

and Ver"ﬁ?‘d’é‘é"é‘gg phelepmieip aed %?grgﬁ Feéi?lnso%s(,)l °Hﬁ“s %l L‘X w’ﬁ" 36 exposed to an
implantafief Eb@SRC &r inprodiciya p B-tgg . dopant ‘Sﬂbﬁb? gaped é’éb AoraptepRgRtpafigh 1t should be
apprecnateaethﬁpﬁg 5 rmatidnUSH e BpRds stiilyurd) 804 aiidrpeafooning hiee baividyalofteps of the

conformal deposition techniques followed by

wel | - establ i shed ani sot regkco eti@h processes. The |iner

314 may be forned on the basis of an oxidation

process. Figure 3b schematically illustrates the

transi stor 300 during an etch process 317 for formng

respective recesses or cavities 316 in the

sem conductor Iayer 302 adJ acent to the ‘spacer

o PNA PN o ' PNA YRS
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appropriately controlled. That is, for a | ow spacer
w dth 313W the etch process 317 may be designed as a
weubstiam4i al | y ani sotropic etch process in or deCTHS2007/007844

substantially avoid an undue etch attack in the

vicinity of the gate insulation |ayer 305.

Correspondi ng etch reci pes, which are selective wth

respect to, for instance, silicon nitride, silicon
1mp1antatldﬂ| Prstedemayish datiied bt kxeqrmftlglltlyet Thom gorgqlq:)q lgtgqql niefilisg phthe dqsp drain and
source regxonlg 39(Els¥eq%géds al, m%&nﬂmeﬂ aa;l’n@le\&ﬁ‘dckm&rﬁhtl th2Grdvidled Inathe spacer

ure 3c sche cal | t t ereafier the
structure §qsaﬁ\§1fcgtnaﬂ,y tgofemazar 'TE asis cﬂf Xvell taq)‘?gheg %er th%mques ia'?d thereafter th

Ive ep
implantation @@ $8 p&fBmédio dbBimthe geea d@maalflﬁ@acesrﬁw&o’ﬁ? ge PR By on amel
process 3084 'bé‘lpexagrzled B thB @adisLErapmOriatlbseleBd progest paaraqyirs, axdhads duration,

temperam%eaztn Hpg Eﬁ\t tregxsér in org]cgl&\ z%gx}rggr%tew Je-c%@ig{llg@mmaMmduced damage and

rel axin
A A
embodlm&r@i 166 BR{&@BibA eu@ahs BB iy B¢ bepately@hneeledgftet the inpjantgtipy 315 and prior to the

formation, cig)fp tlhp %eegacﬁ'alh Sind rscﬁl\ldeqygﬁl\x% 3@6 p&eﬁénﬂﬁg .on VY F1O¥EY strate@y. O [F@rthermore, as

prevmusl:s p:}pll%ﬁ )wgtlg\f/%eé?ﬁcamﬂ}é@gﬁ ZgF) c%&?lmr?aanggon q_.rocesses suclrijast a halo implantation
and the liR€ingfitbe perfeinedisior fred 2fiy ﬂzeh@p'grmt@nﬁh% tndarPoiR tllleayia&an%’s process for
forming 1Bd D56 aibobitd fegioR@b@ht for accommodating a net al

suicide may not be required, as will be discussed

| ater on. Thereafter, the spacers 313 % nd t he ﬁ%lo?ke getermmed i
Asgrevioslyzxpiaipiseths diTuHTIPE My “is%er‘iﬁ‘(?@d‘ypef pant PEFTH €87 8
advance Inh&dda6 iapprfriahtiygleleyt mpbaicd brneal \petametirs mivisadin, én @fis case, a significantly

mcreased] p%%og %2719 @?&%tzgﬂalm&nﬁmg _h SUuht@r-diﬁbdjsu\M%@dWsﬁdbﬂ’gﬁﬁﬁrﬁhrﬂ @haterial may

be prowdeémiﬁ? ﬁogéam)afxonsqf |tl}e &5 e%m'eerc?'fltdeé%» léclose %o tg e et1 g!r)éae)ﬁli)% a elnce during the
anneal prbbek< (08 diffesontol gre PrpmesiopAntis inyBEd e §“3A‘M f‘?’WpfFS&ﬁ‘t“é’ﬁ Prg metions 309
of whlclpr ogx@x%ﬁca%g- %ofi@ﬁ fo@ﬁrﬁs nlgcafeﬂ SPRGH | e sexledNSlion/geregnion Smaterial 307.

Consequgﬁtlly,l {} O%}ngg?doa 1) nses a p ng blogly %9191951' %rtQ}fn of bﬁchsf L %eﬂﬁﬁhon 307B, is

endi n
compriser ofjiained ST e Rk TS Y PO ‘\%p\‘:rﬁ’“” region 321, in

which a Elﬁﬁﬁﬁﬁaﬁy tom lupéh @arasonalf 6. deoas080Gonsemiekitlyi dmad the flpsgeroximity of the
strained sﬂ? erfnax(xfugtmél?én%g@%e Fé?ﬁéctp/@ clﬁagﬁenFQﬁMf %e@@&%’eéx&n i, 4 ddGective strain

therein rr}ay pﬂ glttzfl%qdé%a tuﬁlgy f’qﬁ&’ﬁ‘g Ingxlejx{ﬂ? g&be%%?]r% nt'E? procte?]s sXatifd as descné)ed above may
result in AR iaGEIY Hricregses pergen 3078 rapd thpghin apy anceasefl @erfliarba@Ag{s Aheﬁ’agjuncnon 309
that is lot:agémqmt he rs@ﬁ&d@llltwgeﬂﬁfuuﬁlﬂﬁ\ﬁ@ﬁl tdnkEghdillE ad @Sreasath jupktion leakage is

obtained n’tgég rﬁc.:lllél}%g %g%?ry ggga(? gﬂ'erc]:*'sl nJQEJS tﬂg dévn:g b(Yd H%rowde increased drive

't ner material s,
current cpjilityrin gombyigntipn Wil rgdce a'&@é’f’ﬁ"’e“ﬂ&f‘%t eral and vert | cal
profiling of deep drain and source regions 320. For

trjﬂé zeoc# m%%ﬁmn S@% rga@\ﬁl-: %@dn@QQndoﬁe@dﬁﬂﬂﬁﬁQs &the&ﬁbh process 317 and thus on
t1on

the basxsvﬂf ttlﬁ thﬂg 3}3@\?& a3 ngas P aﬁ%a@ﬁraﬁt%rgl cpg((r):]tl%;hél% tor a% d %%PQ:QE ﬁom:ce regions 320,
which iy & prcenplizh@id by hsibg oire of grorratHaen elgimepty dn g:ﬁﬁbléiiltlon with a respective
1mplanta$iin‘ Hl%l:é& eF&%n@JﬂQ apSbiriicEnRgl pro&sd prikinvekethlinby B4 €é tcpfilso control the
degree o% ﬂ'ft ls:?){l]tg I ond%ar?t.g 1%So§depp yobgt% tﬁcaz{chl'eﬁqanUitthe ortion 309A. For instance,

co atera

in somefillystragise pm'endamwawahl%ﬁ?dcﬂénﬁab Pbtsesyy oo figeed or fush
based prbdtSse EXAGR ethpRRaIMR, which Shanghuatiepmitses of edd@fienre myatb:éon the device 300 to
heat the ?Jrrg) (Yéng\?c r Ila?/ﬁrts"ag nsqosglc\yQSCaﬁgeﬁ Hﬁﬁﬂ& Q—Ie%@efsa hé‘1 Béétbe r&ﬁd’opm activation may be

asl s ‘of well-e %
achieved, é’éﬂ%‘i‘%ﬁfé glfﬁxgﬂxalstsxﬁxé\f' téxalf!)t ré?lquch e t s O

the othepl@nd, onpladatioo-ielbted demazgh exa:dleqarp—cwalihrpdalﬁ tf%‘ffd*‘i?é’e‘if%ﬁf“é gdeat treatment
at reducgé‘)tgmeéaté'gsqm ran%?r?@ pprSEmAGNERL0P0 1L hfs waDS diffsiob ef dopant material may
performed on t basi s of appropriately sel ected
process paraneters, suchpagi1fur@ti on, tenperature and
type of heat transfer, in order to appropriately
re-crystallize inplantation-induced damage and al so
activate dopants introduced by the inplantation
processes. It should be appreciated that in other
|Ilustrat|ve enbodlnents t he exten3|on reglons 303 nay

o o . Y

ilratpon o? [he a%tlvanon process. On
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and the like, may be perforned prior to or after the
inplantation 315 and prior to the inplantation process
wobano7f1ieeaing the drain and source regi ons 320. PES/US2007/007844
previ ously explained, the diffusivity of the
respective P-type dopant material may be determned in
advance in order to appropriately select respective
anneal paraneters, wherein, in this case,
be significiybdubedantlt yeversicerstigh dogrpe ¢fdattics W‘Byséaiﬂﬂéiﬂj‘é’taé(ﬁf pehjepssl- It should
be noted tﬂzg Qorgégﬁﬁgmg Bd\ﬁﬁﬁé@ tbeald@RMGhes Mbphleisk Sfididndp nded du eranbingtion with the
eri.al quﬁae Q&ﬂyldgda due to a formation of the
e"m“mm?§§5§@FF SETTT 8HIB T Bse to the gate el ectrode
304. Hence, during the anneal process 308, diffusion
F?g‘uret IechBniteMey ilaramd thé Sansisprt 300 inscfusisr adyanced fopnyficiuging stage. In this
stage, the éransmo]g ?O%Dl%r%ek' Xcﬁndjril&s]n%‘ﬁdl&meggg 384 foydMdaGR an'iupper portion of the strained

I cant_portion 309A £d, wi thi dicid
s1llcon/ge§1!apraplrféaéer§] }(f @ail] ,Ngglp ﬁtﬁrﬁatﬁ ﬁ]le geé?(g Asspbe?ftou gngamljece{ ntﬁ metal silici :
322 mayt Be faened c@iti3f Othe omperiak 397 awithovta PIoMYing oty KEE é?ﬁ“‘S‘Q 1sincg straine
s1lxcodge%¥u¥nqgatg'§al }M]étﬁ:ll'bresbntﬁn a ploitlbxe 3P, Ttﬁe&By B>V RBingiam eft;xctem strain-inducing
mechamsglgxrggr éégrre (r)ergbogxt {ﬁg cate%I beioglotﬂé %?t'é 'Iﬁsﬁlia{#;ﬂ E%redea Int J‘clﬂn% illustrative

O e o % gl On3 § llhch may, for
embodiments, ti .trernnswr BPfumpefurthrr gorrRsish? ERRPFFSBYT SETBhOGPEhE :
instance, 88 ¥dnRsed P siliCsnGeigelertidhymay tha dortned Wil high gempTpIsyK SFFSt 92 the basis of

plasma er%anceg] ersnricr Ca%grdde i)slltiog Qﬁ(ﬁﬁf)r{&%hﬁ& & fdkhet EhhhrddBig the strain in the

L N e
with respedt frd Gk gt invalaiirerlayeF 393 hayorepsficient PF@%?@&%’S@“E theAves ‘3%5%3 into the
channel Q&&Pﬁl@%ﬁk%&n{mws& Q;SMbatredl (B adleSgrOa shiraaiat Higres 1 and 2f, in which a

Coioad ¢ Lihon s transfer throu e
substann?ilérrr{alfuﬁ r@@@ Aliuéx]de ?]r%o ui?d’] ged&c!g Y% afﬁctwanés{] Gir ﬁ@%@g transfer through th

Junctlon s l.ogca
correspondfirtg videwallrpacst st CopsemEBiY @ef?f’é‘ﬁrfa‘rﬂ“r?ﬁt‘éﬂm if Flawe I provides pigh

drive cur@erbSSaQﬂh@rﬂdeYQ a Gdiy bfficieR asadgdnertdizinexhansaloadiee hags of the strained portion
307C 9 F}e %In]?agcged_ﬁhgg rtrggﬁer n%(:ﬁahﬁ][n o‘:ﬁg&pbf‘&e %Uéﬂailéro.:@ﬁ I il kaﬂkdtyonally a well-

devi ce [e
controllaple pridinerepsedasige og &BM Jupcln?n ?%Acpd%r%/eﬁ gigg 6uncnon 1?]a%a éﬁ x e\as significantly
reduced pote@fid] vaitibie dftheflpasiog body Flgen 821ze of the portion 309A
may be readily controlled on the basis of the etch
ocess 317 _.and t hus ow be
S)%threfggncaﬁ) E‘nﬁtgesrﬁ#tehﬁeu?h sgrrag m%o? Inial%tbncg tl\M ;qgspnt Joe bANill n
describedlinanane ¢etadl. goy}pqlpemp)e@ptm gec]gwes vﬁleelﬁlx%yom techmques with in situ doping
may be BRGNS FINR tnfintdidh-DPuh Bantaie nofeastraip@iGdicorddeenmivmsmyteyial.
conmbination with a respective inplantation process

Furthernmore, appropriate anneal proce teLS,IE .
proFige i, £ SQl S EENTP A1 EMEPLL B 08 I CHIE A ySr g 410 and

buried ifSalhtjop @ayehO41a N ivBeréim a Gerdierndictor dAyEraA0R it foemadensi thabprisd zﬂéuldfng layer 411.
Moreoer haega&oglécltrg& &Qgﬂy ﬂ:%nﬂe@ St a@ae inshiRtionQ#¥Rr #0535 408 tnfag tcbigrise a sidewall
spacer sturg%xa: 40? r}\tﬂsf,a hl SX lIZC ?trgxd ?%ns {rlmﬁx%tugyges?agm e:tt&mon region 403

ser-base pase rocesses s\é hni
may be foamed ipfhoseseconfiuFtoRfAYer#O% h%%t’rd’dér SN FURSBDe e sy proces echnigues

for fomfr@dﬂe%ﬁﬁm&ﬂ Adytbeiréferpddi 8 the dmbdinidns ad peviowsly3RE&Tibel withatfetepgs to Figures
2a-2f, I\?_ferggveroﬁ olfllﬁgx%ﬁn %%'ye%bocgglgm ke r?ané"l&grylob gﬁﬁté é@&em&ﬂ%plantatron process

419 for mmé‘:}@a dr%ﬂdégﬂr&%%ﬁ‘g“s&gg ]I? ggrtclarg%ﬁxpéan?ttxo ?rré%eﬁ Tr§/ selected so that the
correspondifig @@l daineant Govréperemibro R0 chay extind iyelow at‘ﬁ@’ cg gtch depth ghindicated by the
dashed Bh&C &GS forfhet REpeOiREfeciB Chr kA ifaRl drO BubsaqlidmByd filled with strained
anmage m ge re-crystallized, if required, by

S““““%E??HFHW%%‘a heat treatnent at reduced tenperatures in

a range of approximately 600-8000C. In this way, a

di ffusi on of dopant material maybe significantly

reduced whil e neverthel ess a high degree of lattice

re-crystallization may beagachefaeed. It shoul d be noted

t hat correspondi ng advanced anneal techni ques may al so

be efficiently used in conbination with the

enbodi ments described with reference to Figures 2a-2e.

Figure 3f schematically illustrates the transistor 300

in a further advanced nanufacturlng stage In thls

. o, o s o, P
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322 may be formed within the material 307 w thout
provi di ng an excess portion, since strained

weizbi7aeedsger mani um material is still present i RC&US2007/007844
portion 307C, thereby providing an efficient
strain-induci ng mechanismin a channel region 321C
| ocated bel ow the gate insulation |ayer 305. In sone
illustrative enbodi nents, the transistor 300 may

Fgufe dbatheaanigplly Blostates drprapswir $@) in agtagwsesd dnae\-/fewﬁ*y @fage, in which a
selective eﬁggﬂal gﬁ&l&'};&@% 418 R rper'fcﬂx%E:ﬁ Wﬁ&em hea ﬁ&ﬂﬂfa&ﬁdf ﬁxe@f‘oc&s ki &QBubstantially

be for W B! h o} S&l Y te dopant
non-doped; sstrgined  ifjo ﬁegnﬂ%ﬁénaéef' ! ﬁasma T‘w"énw gu Jexrgn{ﬂg'a V}gpéopnze tr:pa:d
precursor dgenl t i oRd¢dPEC\AD) @wﬁl‘ﬁ‘ q‘l'}’@SSPhﬁrﬁe‘f‘e?f?erf Vi tpfﬂé’fde econd  strai
silicon/ geﬁﬁhhﬁﬂx%%at 4v8B SAdhding aihiphtcisenhanne the Rypodopd3® b@terial. As previously

explained %sﬁ?claYl{l tlget {Ij ) npha$ %OE Cormth ?ﬁ.{iea&%étQJuLM Mdéﬁ@rstramed matenal 407A may be

suicid ons
controlledr ‘e@p’@&‘t pPregisiquiine Q%lfhé "?%lﬂ ngpured Heay 8?’5 %ﬂga nim %teﬂal Iaonsequently,
portion 4®@Clié Frb@dKd, i whes @ high Rrsfeatopdnt onventisionis@rdvips e dn pdigcgnt arces, the
non—dope% mgtegah meiL 10:58 rQ:Qt 15 de %Qgﬂ%ﬁng@ﬂxc&?ﬁﬂmh wah e start @R Bgpe dopant

eS| as, shown in Fi s e corre-
material. gabssfeah@? gﬂe‘) Qawéng%gae rr,%to ? as well gar%lfxe‘ exleﬂsn%éﬁg}x 203, th

on woul
sponding meghieped trhaerid {408 i snsteessisirasy bqﬂh éld?,sﬂ?yég%hlx Fé‘ﬁ%‘*\de*f""“““d““"’ material,

while in t}uhz{rQaLi‘aneErhtﬁe &Lp Hx@ﬁnﬁﬁ&dﬂuﬂ:@ regiofkoasa lahd thpext@siost403 EhlyoRe “neighbor” of
the mtrmblF 831%%12 l cyoﬁtala\s a hgg {y?éjacﬁ)tdﬁtQGnc@&aﬁap\’\eods&ugﬂﬂg UiBing h subsequent

ent capabl

anneal p@f:m,cqnemre@ﬁ é}fﬁm@% B g e 8%%‘1*’%%“8}%"5% Wipagriesrbpaing 1o the
extensiont 03 Sid’ B Bef dpon bidsHuBe 7@iand2Q fvey by hdirved whily @ significantly reduced
diffusion a \I\E‘I ﬁfl; ];se({? & hxatﬂé 31%9@5%99&11@1\/40&@9 AQ\iQEshE,MS ihe 3donity of the extension

di t1 onal a wellco a e th
resions 46 784 4F ETRLIBR RO PIEIORTp S ey HRER Ay ot e
substantnilBalhaxygi @ntebng 174, g]nganp fhie (vigimjty 9f tpw@@do%? ?ﬁﬂef%ﬂe PN junction may be
estabhshéﬁa&fﬂﬁft re) r&ﬁbsﬁaﬁtdﬂb%oth&ﬁﬁhﬁ@mb aoha.r agdhand B2 hpprddiatdd that an appropriate

parameteé f'Pbean:gret{‘g 8‘0 ssgﬂg et§ afog'g ’thukaé‘sg Q@L{le éulo;t dﬁgliﬁ{ohﬁgped portion 407A, in

reéen I nvention Wlfh ¢ PN
combmamggqh|amggpria§quﬁ§p<éedd§§ea} parame(qrs, iy Eﬁab}eﬁﬂ‘al l[egcfrfnathon of a portion of a
junction WRIGH hé GH@Bd SRdn@pibsimhalategslowt h t echni ques with in

situ doping may be conbi ned to reduce

ggﬁlp gg;f?%%%pﬂ;ﬁrgl%:aﬁ%f%ﬁga stor ﬁﬁ) ! Igre tlljxe? %ar alle(]lon of L}§ dbove-described anneal
process. tHERES il@ tcaresghd@ingrasep cloyirpand seuree rggj%ﬁp%{néy Ef‘D’l cqnﬁ@foaﬂ_y ﬁ@end down to
the buried &aﬁf?ngqute?ﬁi Iaelnd 41%9 ﬂﬁﬂadte&mb&éguﬁﬁ 4DN Sty &dnnen td &y deep 4lilain and source

b £k cond n% u ! 1 fa ﬂithgx%oit nﬁxca ed as is
regions 488’("';6 tﬁ)y f?{rsnun'g e res € ltl IQI[I ] E%%g 4R;fb1 %lé § 1 %Hﬁ ted as 409A,

regv
located gﬂﬂe@gl}e@g@n@mhcgd?rﬁ@nf% maegal 4‘97.3/4&7&. eit sﬁ%\.uzf g? fa%)ﬁec1ated that, in other
illustratidtObnbadihe 11 WhED M rsBedijusdtice vephditarsp éscless cHtiqely @teumelaq;g@n 419 may be
omitted gx%qheare&.\ﬂpl? JJ%Qan%S rma§ 1:2 obthiHddl shmll@,coxhﬁletﬁlbhﬁthm the substantially non-
manuf act u a n extension regi on 403 may be
doped regigp 74 aftFF ‘{’arfés"??é‘ﬁfgﬁ’ﬁ’ﬁ%ﬁmfeé? | ayer 402. Regarding the
varlous conmponents and any process techni ques for
12y tﬁgscltehﬁn&ﬂffﬁlusti'ates ARyanditorr4€6 edcoibg t@a ffireer illustrative embodiment in

odi ment s {Ke o &FoBE1G64 b the basis o
which rﬁpga:ﬂw{e receéses ?GQ' nﬂﬁ%a ge%lx )forglgé g&)!aégﬁdt \%et EatJ et the b f

reover, In one €

ar
appropriathles dpsigned FrRaeesT 41400 ahigyobidn LSsEd Sff(ra?%é?f y??ﬁﬁn%nt [‘T‘E“"Sﬁé“ to the gate
electrod @ BEAC bdreotdrOatfab karfiG muhwurgctding staghs toe axtenyign segiang 03y myyj heysbeen formed,
when a cﬁxg?s;)&!ﬁ{ng kflynplaﬂtmh %c@és' 19r!1 Haf Q@t efie? R Brh@loecifark gfaxially grown

L
this stagk,Nigtrdbg ingrddupips & Reyrdaigiratin Ither'i@samufgd’i‘m% P&P%ﬁ“’l‘%’éﬁb‘é‘e’f bypg 402, whercin
a reducddQERACRRceRMaticPMIdiréRSedtifbntaion e YIRS vt inys stgnificgtly widbded degree of

strained silicon/germanium material.Figure 4b

schematically illustratepagh®oftidansi stor 400 in an

advanced manufacturing stage, in which a selective

epitaxial growth process 418 is perforned, wherein, in

a first phase of the process 4 18A, substantially

non- doped strained silicon/germaniummmaterial 407A is

gr own and subsequently an approprl ate dopant precursor

.
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expl ai ned, especially the first phase for formng the
substantially undoped strai ned materi al 407A may be
woami7riedd4ed wit h hi gh precision due to the int PCNRIS2007/007844

nature of the silicon/germaniummaterial.
Consequently, a portion 407C is provided, in which a
hi gh P-type dopant concentration is provided, while,
i n adj acent areas, the non-doped material 407A is

crystal darh@€ @i tBelremeining bitooh pertie | 1 letheriihvstyativ Fbagimantt 187 fmplanigfiondt19 may be

performedS § @it doﬁesjpyndﬂx@ e%ht PHERssS Qsp ﬂ;nﬁre\mesl@fdeaanedT il refereme to Figure 4a.

eep arain ouUree viou € eren&Sto feFrocess 418
Thereaﬁert ﬁé"r?ip("é jag ??Ha’?ag §I°CHSPTATS, astp %egcs?)yr é%&g p%ﬁm?/\%glr o e Process 41

may be performedoped material 407A is encl osed from both sides by
hi ghl y P- doped sem conductor material, while in the

F? ure 4e I\ema?callt nﬁ:ét%?eg Qhed&aangxgoraﬁm@ aﬁ%é:@on{pfegbnoﬂﬁthél?@peam epitaxial

g extension one "nei ghbo

erowih prbae e SO MOSPRSL ST PR b Tygpsg gpove e desp
drain and 6@%&5@6@@2@%]10\@6@@1@[)&11}{ 7 sztzdc@qppqq@atwagﬁmge (ﬂ}gﬁqﬁer a correspondmg
anneal pr@ﬂ%&eﬁ$ B QffeaSout ﬁ)nfohﬁ] Qﬁeeﬁﬁﬁngg|d§JuU&id0dauﬁ€ tdgithd ynd @ @espective PN

junctions é@?f éﬁr,:lg g’ﬁ%gusg(fﬁ t er | eéelﬂggom%log tl%sr sﬁ%ql«pqu }ugctionsealso remains located

source regl ons may be
within thézaam@ysnben/amﬁlewe dnatqmi f"‘e7Aa 4§7%n|“f"hie’€%ff?f | Yo Pt Bigoessing may
contmuedd;‘yfréxﬁl:ﬁ'h@ Mhed€shécild spadess 4®b§rﬂl tRaGpping lheed \2iagd forhipe af additienal sidewall

spacer foxp tge %u cquenp sxlxcndaf%sn Sp@oc%s%s gse%deﬂtl)t B)% eMb&xHénts)ﬁe&f‘bedrhﬁove with reference

toF 1guresr4@gl|e @rpgldgrggralrleﬁ ghqop/gerg‘n&gléra n&&ﬁ% }eafﬁui‘ $ é?guog%gthe reslge(c:tleve PN junctions
is locatedDin Age"sillcbi@gestimdinantatalal, y whitd opeldntfmrlﬂde‘r?é 4@%&6 in the strained
silicon/ge nku?n k’nrzlte;:n Qnaw & Qéxﬁﬁcaﬂfy Jeh\ﬁe@ Qfid {1004 cShbiddd 2epltxsa @Bikwitly @rocess for

junction
forming assabséapaﬂltylnawrsy aﬁ(behhn%}g)béo € psotrra nlecg sreméfax%&ao{ rnaQe a}) ul d be
appreci ated that an appropriate paranmeter selection
LQJ regthle thie 'bQQe@xSﬁvAlﬂi& préidtk ah ﬁnprcfx@d teghnidoe 6 ihe Formpfiontdf § Ol transistors

with a ﬂwl’xlxtqig ggte:gg r&( 3 F gpg}?%ff&%étt gtrglg mthz @g mlaéﬂarﬁmlc&%lhéamnh increased

ecte annea )araneters nma lantation
junction lerka t© smmﬁeanrla mdaceffbﬁmtwehef&ﬁs aF Pt PERG™ 5°“¢9r\i>§*’e°‘s tmplantats
processed l{q@%m&fd iMvkchdnbiiTn bilk@ioping off thedramibd dilivon sgmpniem mgierial, thereby providing a
high degree OF fliex%flxty F i%%g %}géltﬁe é%&%i’f\l?ﬁ"ah%s,l \J.'ﬂeiéﬁlt if @trﬁﬁbly B&ured that a portion

thereof 15&1&6%“‘6 étgal‘:“feii Efétﬂcoaﬁlﬂ?fr@é%“gtg?%otgy L ?'tplr_?gu mé the esued increased junction leakage.

For exan®Rl inespaiidéinngs deeped with refegnde 9 & mur,eef‘}q—#g%ndmeam Jypglipn leakage up to
six ordergl 9%9&:(1&&%%&&&&0 enet c%ﬁ‘@nﬁiﬂmnﬁ:g}attoh &cHahit iaechoivi SrUFigdre M gor otherwise
identical 86%}?@6 Pei‘i’%%e%{r]%mgqub“;é%b}agrd eﬁ} %m%&ﬁ’xgengsedg h&%eé’ Qf?lh F@éfence to Figures 2a-2f

ai n_and source %ﬁgl o two ders of magnitude
may alsotphevidslaysighificsnt imgreash ef Peipaion ikeepr PR BN RO
compare td Jhle céhvPiohd] @itegtdfier &héme. | AdHitatlbydtha stragd Aemxptgldpqg@'apaéqjlal may be

posxtxoneﬁndf? t& dlgf%%te%te&?c{gg Q»glel%inl o GEE g@arp%ﬁhﬁt@iymzfdd%{fen less may be achieved,

thereby alpq enbapcipg; the Sté’%’(ﬁ‘q‘f‘?réeﬁ?%“‘gv\ﬁr%‘g‘%‘leﬁﬁgﬂo‘r‘] (\:;vrhxecascg es ondnl?lﬁ' translates into a
respective ap&aiel efnieadrive clregiscapability. ckl otber ApedtsyfPRAR{a4e: (yhsztg fgp%?id intrinsic

epitaxial Q%Mfttﬂe%Qalﬁ&CLﬂfcnﬂgeh%iﬂﬂ W&t€tia) MECHd combiddiGo Feelyceli@ overall defect rate in
tained substantially conpletely wthin the

the Sm‘“% BratieRfy oy P9ndoped regi on 407A after the
respecti ve anneal process. Figure 4d schematically
iﬂhé bhsﬁc{uﬁt ESbodinlehtadisdGbdDibodle datotidionly, ds GednvErtion ey be modified and

practxcecl 116<lll l?feren tbuy eequgeenq?%?%% aﬂ)daremqioctnose eRRaCHh tH@arE BLSBESES benefit of the

to th
teachingg fheseiny o‘ﬂ’é e&wk‘@ et peFetiadqPs S %‘f f%’é‘ntb Thtate elq’ opme] ina gifferent order.
Furthern$d G6 Nisitdtlads 8@ imsndedtoahe ddtails af Fferatuee@ ?Ifqege’t heggin ¢ é’“ other than as
descnbek/gxctgg’ Sttt G I Bt if ﬁ&gﬁﬁtevfd@ntttlﬁethg plrGcullr ebddackaisdibdlosed above may be
reover, at an earlier nmanufacturing stage, the

extensi on regi ons 403 may.gbaverigeen forned, when a

correspondi ng i nplantation process in a later st age,

after the formation of the epitaxially grown

silicon/germanium material, is considered

i nappropriate. Mreover, the inplantation 419 may be

performed at this stage, thereby |ntrodu0| ng a P type

o "

o L o,



performed prior to a corresponding etch process, as is
previously described with reference to Figure 4a.
wOohe7aaé24er, a correspondi ng epitaxial growh PCOMS3®7/007844

as previously described with reference to the process
418 may be perforned. Figure 4e schematically
illustrates the transistor 400 after the conpletion of
the respective epitaxial growh process. Hence, a

altered orSrH&ﬁﬁeaanﬂahﬂ suchiReliyied s¢ konsidertd) evithinthe seonatentd |sgpt gf)thg, invention.

iathd cRied bSBWI ce regi ons 420

Acmdmg#yofhleg mg&b gheh%ﬂgﬁ?s%@u?ﬂqgl tu doped materi aIg 407B.
‘Thereafter, a correspondi ng anneal process nay be
carried out to formthe respective drain and source
regions and the respective PN junctions 409, as is
previ ously expl ai ned, wherein a portion of the
respective PN junctions also renmains |ocated within
the strained silicon/germanium material 407A, 407B.
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 unctions is located in the silicon/germani um
material, while inplantation-induced damage in the
strained silicon/germanium materi al may be
significantly reduced due to a conbined epitaxia
growt h process for formng a substantially intrinsic
and a highly doped strained sem conductor material. As
a result, the present invention provides an inproved
technique for the formation of SO transistors with a
floating body region, in which a highly efficient
strain-induci ng mechanismis conbined with increased
junction | eakage to significantly reduce floating body
effects. For this purpose, in sone aspects,
i npl antati on processes may be used instead of in situ
dopi ng of the strained silicon/germaniummateri al,
t hereby providing a high degree of flexibility in
desi gning the respective PN junctions, wherein it is
reliably ensured that a portion thereof is within the
strai ned sem conductor material, thereby providing the
desired increased:-junction | eakage. For exanple, in
enbodi ments as described with reference to Figures
3a-3f, an increase of junction | eakage up to six
orders of magnitude conpared to the conventiona
i ntegration schene as shown in Figure 1 for otherw se
identical transistor paraneters may be obtai ned. The
enbodi nents as described with reference to Figures
2a-2f may al so provide a significant increase of the
junction | eakage of approximately up to two orders of
magni t ude conpared to the conventional integration
schene. Additionally, the strained sem conduct or
mat eri al nmay be positioned close to the gate
el ectrode, wherein an offset of approximately 2 nm and
even | ess may 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,
i mplantation, in situ doping and intrinsic epitaxia
growt h of the strained spdetepspiger mani um material nmay
be conbined to reduce the overall defect rate in the
strai ned sem conductor material. The particul ar
enbodi ments di scl osed above are illustrative only, as
the invention may be nodified and practiced in
dlfferent but eqU|vaIent ‘manners apparent to those
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teachi ngs herein. For exanple, the process steps set
forth above may be perfornmed in a different order.
wéuoi7heeaore, no limtations are i ntended to tRET/US2007/007844
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 disclosed
above may bealtered or nodified and all such
variations are consi der edL&AM$i n the scope and spirit
phvention. Accordingly, the protection sought
‘MHATliﬁLéﬁﬁEls as set forth in the clains bel ow CLAI M5 WHAT
IS CLAIMED: 1. A sem conductor device (200, 300, 400),
1CONPrA simgnduatos ddvice (R0.G6h e rromgrsneii conduct or | ayer
a(sg-lgar-co?itggung 402} onli TR er@r02 23001 HOR Efdrnied S0 h tried dpshlating dayer (211, 311,
411); a gate electrode forned (204, 305,
405) ve said silicon-containing sem condyct

(206 g}ec@@gfor@p‘rt{(zg@ﬁa? 4PBFPR éin%]sl}l GBValgmé E conguctor g¥er (202, 302)
i Nsul al kparale@yerefréd 65z gaBObsulad@Byyer R08i30BWANI spacer

dgwall ﬁ%g"g{ (rzg(é%s 4%64064413) foEQquBﬂsxdi:twamoﬁsbﬂ@u\ablkcneﬁe (@@, 804, 404);

LD o
sgﬁlmdé&r%{éﬁfmhﬁ’f{(ﬁ maf?&f‘é?‘? af“ép%’? g i %8“73“1—‘”““““? feper (202, 302,
sai d @emddmmm@rsldh\aa}'léPHC(f;!M 3080313, W6AIa#dacent to
S Alabh ség%\/\@xu aS Qﬁ&@rreélgxofiZZ@QﬁO 313, fohdts, p#idly; walhe said strained

drain.fe adh Nsa T »and 24 source region
for nes(jllc’gg)lg?rnaxi\xrm ma.tetn%l’k&(ﬁe 367egb'8 (dzd’a‘gn é’g?& 42354 gion (220,

N Sal stra

n
si |i cBY 69 eSiin? fHeqrias b f(’%t’rz(”é’of? ) ErFyerves; sgid firaip gnd sowree
r egi ORgiaRX(23BB2D, 920)beiag foenridon AR GespRHIG, Pl*ll@mtmeﬁe(??% POy 409) with
aflo Eci tu@%ﬁy chigh 2.7} 8 (331%1a poth)]a)of tderne _hlﬁ&tibﬁ €09A,3aP A, 409A) being
drai n and soqurce re d%ﬁ" n&% ahmm 20,e 5‘5(%7 8@; R for ned
to delrgid W@%WW PESEPPERS 5 *459) with
said floating body region (221, 321) a portion of
sali g T slch'l(fj!:@ﬁdu@t@r 0139 (200)30 QAim ¥ Gi4Nkr dripriging ‘Omatle?‘c‘de (222) formed
W t n sal st 1 side ‘cﬁﬁét@ ili€idd#22) extending
i sid gy ol eSSt () Ul LA BAM RO) *32*?5 R
above a hpightfleyel %éved@as e surfase (245 Shat s3id eatginsrlgeen 12yst Sf) 0 r med in

said drain and source regions (220) adjacent to said

I de;"S‘L‘l se%rg %&[cto(’ %Q\ﬁée’ ﬁ&@'c@t Ah 3l whbtkiaisdR hetad Ajlicide (222) comprises

exte ng a ove a height |evel defi ned by a top
germanigyr f gce (205S) of said gate insulation |ayer (205). 3.
The sem conduct or device (200) of claim2, wherein
2ai d /Rt &micdHiior 8evicd 22D) SFRMRI i SeShef) ernipBisigl Amed] siliFiye formed (322)

in said grem S nsgl,lflrgg (r)ergloge 28)e a(gja%grg)to %]:udcs (ﬁjwm acér%bé)egand metal silicide (322)

1 aé) é@ said drain
Subslant‘alhﬁxgwli*&;tealh@é*f‘é?{%‘ d(’@?é)}’y S&tﬁijgﬁ%é‘ﬁ‘c‘ att"é‘ %5 @"2i dewal |

spacer (306), said netal suicide (322) substantially

§Xt enq'lhg gerl;ugoxﬁugﬁ‘l e I(@‘dﬁt)f Q@ifﬂ ﬂedhéi)éln SapdFicgABETA) of said strained

i'nsul ati on n -
s111con/gfrzpeze)lm HFteE?lé?%Ts 13%&%1& lhodéreﬁlon S. s{;%sga r@%%&g?ﬂﬁ\ébr{é&mm m.
strained silicon/germani um materi aI (407) in said
f6| oat kg s@ﬂ@&ndﬁ&&l QVice 2@ 1350, a400) i |cyanﬂmﬂcmeni 4, further comprising a
i can/ ni CLRLaeIENdnG e 20
°°mpres§b‘i5y i} geln%l lgyeﬁ%sg” f%-l,}lg a%g‘l;gsg?%# er K?ofr%rﬁ& ng g
conpreSS|ver stressed dielectric layer (323) forned

above saktodyedmadrisisgti ci de regi on (222, 322). 7. A

d%&hgda regegg&rlb si18 41 Gf & 0RG 2 ght® Gﬁ&ﬁ)dé 2hBure3(264, 3d4,GID4) including a

Og 04%g g’ 1t3 Yhi rae seg'nzg %duc%pz}aye &69 302, 402)
formed on a buried insulating layer (211, 311, 411);

forming a first strained silicon/germanium material (207, 307, 407) in said recess (216, 316, 416); and

i ncI ugsirl]t aglosr%c 5(?6
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sidewal | spacer (206, 306, 313, 406, 413) within a
sem conduct or | ayer (202, 302, 402) forned on a buried
wonswriiaezsng | ayer (21 1, 3 11, 4 11); form ng BCTiUS3H07/007844
strained silicon/germanium material (207, 307, 407) in
said recess (216, 316, 416); andformng drain and
source regions (220, 320, 420) adjacent to said gate
el ectrode structure (204, 304, 404) by an ion
fdrikk ARiradnk GSur g rogies 220 820a 1202 Adiesaht tp i gase eleatrgdaSUEgtip (204, 304,
g r’\ll d s,;%ltrbg €n o8 %Zggg,aﬁ%% cei%%@ an £h3Eh) pxd?jfss, Biid\@faih @EIeEEd regions (220,
junctions_( , 3 . Wi ion (221
r egi GRO (439 efinne pipeghivg N ‘.‘“8%‘?“8#"1"23@8’ Sﬁf‘&ﬁ]ﬁg?\ggﬂ%boéy Tegm,‘( ’
( 209/A21)30 PArtion 09 Adid BN jnestiprsB%d WQ’MOHAL,B?"@ Porgtegy within said first
st I ai RRRkasikdIRRrGRMBRALAAN2ORBET, Hal. (207, 307, 407).
8. The nethod of claim 7, further conprising formng
excess sem conductor material (207A 407% on sglitd terial (207A
8 i r stThstreegtio of claim 7-cRyley SOTRISIE APTRBSTTT S PB67 20 7Y ’
407) on sdi®@ iRbiAing dlideeigghiniiie welerit 207, 07 enehrimp bejght lpveldhagpytends above a
; Levgl | 140§)Ub el Bfiwded ¥&d gdte’dd&irodbQEDH, 404) and said
height ]evflgf%glg)gie%a\l%ggsﬁlgg%@a&gg%g’ el§ect rode (204, g404) and said
semiconduckiiayeitfici%t | ayer (202, 402). 9. The method of claim
8, wherein said excess sem conductor material is
§ OF MefhedSetidd D€ SRS Siiecrina &idst smiidogdircronmawrialimfognddads a second
. 207A, 407). 10 e thod of claim8, wherein said
s“a‘“edsé‘ﬁ‘ﬂ‘zﬁ’fg“ag‘é‘ﬁg'%%eﬁl {J((z:ég%?"t terial is fornmed as a silicon
material. 11. The method of claim8, wherein said .
fol r St Tiset h@loded chinh B COMFde sahekcesmsamitadicsdr nfadd is fmed as a silicon
407) is formed as a substantially non-doped
silicon/germanium material by a selective epitaxial
growt h process (218, 318,418). 12. The nethod of c|aim
7, f uThehasthodofipiaingg, whersin paid firg: strpipgd filigenigegpapiugpmaterial (207, 307, 407)
is formed®X b GRSLARIY KRR s(120PgerAR)n Mjteriabby 4 et pitakiokergrth process (218,
to formng said recess (21 6, 316, 416). 13. The
318,418t hod of claim 7, further conprising: renoving said
sidewal | spacer (313, 413) after form ng said recess
(316, T Bdthaard cafnt Briudter eampgsismfocifg drsin agd soaicn exjension regions (203,
Silicon/ . ' e Vo.4a97); and formng a
403) by '?e'ﬁpféléméoggggﬁgg"t%%%flgée?%%g?%é%) Qa% si dewal | s 019
said gate el ectrode (304, 404), wherein said drain and
$DUT C &he wghadivs cléi8077 furdh@epmpristnsf or red on t he basis of
ﬁ:@joﬁing %Yd;c &&lwﬁﬁ’ Sfabdr (?ltl"[ Uﬁ§ biffe® fdraiQ ,saié-%%ss (34, 41Thand after f((;rming said
met hog of cl ai.m 7 r. s | by orm ng a secon
strai ‘é%“?f“ﬁ?%%%ﬁ’?’ﬁ%“ﬁ‘gm’?‘tr’ﬁ‘ B 43’:7)?%’&107@ on_sai do, aid
Girming mARYics FIOFRE SFHORET GAH IR PiTideRpls F sapdggtpyiee ot 0% d0g aperet
St r ai Reth midlsheantgersnaeT, 4on) retforred on (AR olcwidpleyied pacer structure
a P-typg fepant. 15. The nethod of claim 14, further
conpri'sing 1 ntroducing a P-type dopant into said
sem conductor | ayer (402) at a bottom surface thereof .
pa.i or The fetiodriof glaism 7 dfufther somprising] faeeing p ISFCGB%Ft&é‘FﬁﬁWF?i‘(ﬁema“‘“m
material r(ﬂh@f blsaid i) .silicon/germanium material (407), said second strained silicon/germanium

material (407B) comprising a P-type dopant.

material.

15. The method of claim 14, 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 (407A).
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