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e i i T

of an ﬁcﬁxﬁﬁ%ieﬁ’x&tﬁﬁﬁ adCR&Fibeaasl e Q¥icatlon. @il JFeBrRNe Bhreciated that in the
clarity, not all features of an actual inplenentation

developthedt ofe@ rshdhediublrentbbdigens peaeérbusGaplewentatibi-spedifid deoibiosotiss®e made to
~ be appreciated that in the devel opment of any such .
achieverihe deyplorershendéifieseels, spaliree payprbianonpitteryiiere-zeldted nudspsingst-felated constraints,

. deci sions nust be made to o )
which will vary from one implementation to another. Moreover, it will be appreciated that such a development

effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of

ordinary skill in the art having the benefit of this disclosure.



achi eve the devel opers' specific goals, such as
conpliance with systemrel ated and busi ness-rel at ed

wa@onssassnts, which will vary from one i npl enePCBUSZNG/041560
to anot her. Nbreover it mﬁll be appreciated that such

ﬂfﬂg C O ns ? UI%mb ch\g@ F%’%&e gos tge rltachgd ﬁ%lﬁﬁs.l Xgnous structures,

systemy gxgl%%@? !F]rg Qhén%lglca:il? 9 Ofﬁ:tetgﬁhnl th &géllv\g% gosl" g]!rﬁ-lééslksl df @xpia%ﬁlén@&hy and so as to not

obscure Ite |preddnbinkdntisrOWKH detal© WatdRe GEIE Brlolvh @8l thddetsRille i @RELRC ENdvertheless, the
the attached figures. Various structures, systens and

attached dpawingsarainduds¢ halpmtibtecad ¢xylaid dpstotiecximpleds hfthelpresat iysntibip r The words
pur poses of ewslanatlon only and so as to not obscure

and thfﬁe Lﬁ?de@em shp éwqderﬁo% anf) inkspreipd t herrat megnie \edsisteprityrihe under-

standmg totf tthh %esvgorg an%pl?résgs gyr Oﬁe r?% lﬁidg y‘?;/rglg%gtea&,e Slgoespgcﬁag dgt}zxf}ﬂogloﬁa term or

phraseI l y&éﬁﬁﬂ&ﬂ 44 15%)&1%%4 ffom (8 or&xpa?y HL Rk ryI X:ﬁﬁH gxl;lierst-ggc}{abg ﬂ(l;fse skilled

wor ds and phrases used herei’n shou be under st oo

in the driDs @ftaiAt:EbE ifnplich BY QndstéCRRdRPhE RAS brph@ heMint o t18 8xtent that a term or
under standing of those words and phrases by those

phrase éslintbddedito ihave b lngecinloheeniagn t.e. armeanidootiesp chan thht uldefstaad by Gdileddrtisans, such
a termor phrase, i.e., a definition that is different

a specipl dsfipifiopewif g jerparssly &t dorthuis ﬁlerfa?cgﬁcﬁeam f §efmigiongh eharnst Besclirectly and

hos ille n.t e is intended to be inplied

unequ%‘if/al iRy %Sttgerﬂ’ecﬁ‘g%ea‘em%‘f O éerF‘é’F MBF phrase herein. To
;E‘iglga?agl% Qlﬁet rJSQ’l@LlV&IlSn il gﬂ‘e@t%d gqrtgcﬂﬁqdesﬂﬁk Q)th% ﬁgﬁtgsttlﬁ% %ener‘)cl/tleon %f strain in

channell REBASIf @@ﬂll@tra‘ﬁl’iét&r& Sﬂ pl@ﬁghh 8 9Pained 'sk%hcoﬁdté@? Gh@dial in the vicinity of the
definition will be expressly set forth in the

channebjpgicisf Foalié mifpoke tha stehivkd seiicometbr mapdniales fobdidtin €hiclk £@4y tyat it may also
and unequi vocal ly provides the special definition for

efficiently] arovide qyegniredyirpia gethe \Bamigr ofdn| igterfachizetyseetherrtive spryiepndictn layer and the
i,s directed to a technique that contenplates the

buried iSleing (96, TKDL PR 15 RN &Y Hi gt thisdyterfapgces an additional

channef Eo C zir%et c%tnsér F% ns oﬁ't(a?tY(mlnqh Q%:hls?ca e% &%ulfé/egxd S e]][t?alf: 05] fétea %IE)'I: ganSIStors As

viclnit hanne RS
preVloutslpI é{plQlHé‘dp%S %ophfsttb@te@ taﬁ;ﬁ?c:ﬁi%ﬁjs %@)ﬂbﬁ@ RAMEIRY mgﬁtré%&{/eag \}elsy thin active
formed in such a way that it may also efficiently
semicofifuctvn 16k@r, Such @OANRilicEalba3Ed 1aster) hivihgtaliBicabsE bNi0D YimQhd &Rn significantly less so
interface between the active sem conductor |ayer and
that nottonly theuredicadminerkatdlaliclomghd (&y@pqnding gateeibgplaperOyyetimachetuled as a channel but
potential for efficiently using this interface as an
also th%\aﬁqrfiﬂ?eoh?meﬂb thadfir 19ver and Higr yse alﬁqlatleg laypramay sy sed fop gharge carrier
istic arti de Ieted SO

hi ful.l d
wnspoly KRSPSE S syptbrobSy §e-Ben e P St Strcombeey mavral
may noft levd &aetfﬁc%ﬁtsgenégon B?’ Ql%m if 31@ %icﬁﬁt? %ét&gﬁYneﬁ %%ﬁ&t\ﬁg 1a§'erVS£c¥ during the

thin active sem conductor | ayer;,
epitaxia® | kdwBID Bf R Sbedddy Birainel A¥hiBGhd@btdr NhAdkRIe %Ss@i‘lfﬁcgi@ QoRigh 3R Ghe original
even significantly less so that not only the region
semicondnergchiagetiallhys th &¢ ouinthingl t¢ providsirespelitinggroeth @niphtfbrakd soifbequent growth
| ayer may be used as a channel but also the interface
processhet ween the active |layer and the buried insulating

hg may be used for char%ﬁ carrier transport.
‘%%ER?@F OSSP Bfi FETAHOP Mdtea! |’?§1°‘f’ré‘t?t?élﬂ‘ids"r‘?§1aw layer may be
efﬁcxen[ff ?&3 39 %?;ﬁ %r rtll}%d é’ener %{%}Poﬁ&% 2s S ere oy, enaleg%Ye orowth of a strained

ow an I Clen

semicondhétdrHhate¥ial Afso i Be PidinitPk thd AL bfech %%medslhéﬁﬁﬁnng& I the active
the epitaxial growth of the enbedded strained

semicorgledidr ¢y erdotaibdiherttal B ddaition ta ths p@Rikibi 6raf tnhpRed 41:@R-i@kicifdBechanism, an
ori ginal sem conductor material has to be nmintained
to provide a respective gromh tenplate for the

subsequent growth
6



process. According to the present invention, the
crystalline material below the buried insulating | ayer
woray7loss3ef fi ciently used as a tenplate for thePCT/US2006/041560
epitaxial growth process, thereby enabling the gr owm h
a strained sem conductor material alsaq

!ﬂncrdwwwwfwh PN PO A B GRH 4 e B {cries e crysalinecharc
tenstlc% cr)]ts He egmtx ¥ %ro%? S alnedd sglélrcl:?nd%c (grlrr\l/a?ep eml’g 9 Hqu{&)kg ko % é—?c[egreed from the

rovisron o

crystalﬁ{é Qﬁa‘?&%ﬁst@é Jf ﬂ'fe QctlbggHRBMCtm&m%n Muhéﬂgﬁlﬁnﬂg 15%1( Consequently,
Ih i1dJs he transistor characteristics may al so

the cdaanfﬁé auarﬂ&dsucgslsrmeast Grestaliny Sdriadtdtion em@&rar a@miositions bridCtie dfke, of the
the epitaxially grown strained sem conductor materi al

semicopdugtotypatetiabagtinglaedgrowh temiplatyhnay beyelsesefl ‘ffirhcpﬁpwh@ enhancing the characteristics

crystalline characteristics of the acti
of the et m%trawgy &miPopte M8t é{hll?uth det fOEPeTpifg of the active

senuconc?uXtﬁr la ayer i¢ %%u ﬁ'l'ggur}éd msuqa%nc [a e‘? tm%y e se cte(:: 18 %c%gra & Eel S o%fcéaf process and
r Ine orien I on conpos

device "ile!aguetnlgﬁs shéﬁ%s m%asé&ﬁobﬁ%ﬁﬁﬂ%ﬁgfs f&%ttlﬁf irzﬁklsté‘}@ t\xlhﬂ:g nﬁ? not receive
a growh tenplate may be selected with respect to
the straai sddon@ctbNeutsgiar act eri stics of the epitaxially grown
strai ned sem conductor material, while the initia
c ftashaudd be htrdcisted dat, tith eringiplei the pseemt doerdioe ey bk agmiied to any SOI-like
formed on the buried insulating |ayer may be sel ected
transistoys iB hish PRI dS ggneReH bR éplb%ip%lc%@gledapfgqug@perematenal even if the active

enents, .such as n d h
somiooh Gt B g P 48 REPPPL T AT o A e SR e i 2 ssond
channei psgloﬁ tlJ f%fnﬁ: qn e %ﬁﬁ%{r‘ @H &E %ﬁmﬂsﬁfaﬁr%l layel' t Instlﬂg Q:Lsg ﬁé@ertheless a highly

reC|ate that, 1n principle e present Invention
efficiedVBMail) redARh @y tb@ peRMedSFherdih K@itlohal SorBlaBihé claficiéltiGhof the strained

strain is generated by enbedded strai ned sem conduct or
semiconduiter ingtbrjal exebe adhpitd) €or actanosdn send domdtaliinorich@yjuy tonadtain an overall

not be appropriate for the formation of thin SO-1ike
enhanCFci Rerfgimgtes cerpalef oghivietiiope! arpecaehs Eitbermvedded stigindayerp got extending through

faormed in the vicinity of the buri d i nsul ati
the bugieg ifsipdneaepand ﬁ%%éf&yﬁél“&s%bm%{e Tyt e iy P ottty
stated m tﬁ ? Tr}pm)nn?n\{l bﬁle R poe\r{&eg g’lf%l eﬁen@%@éu‘ﬁbno E}lglllh Yot be considered to be

I'ne” charact erlstlcs tralne

mﬁna&ﬁghggagygﬁqkm&ghgrlaI may be adapted, for instance in
terms of crystalline orientation, to obtain an overal
emhmmﬁadmpemﬁﬁknﬁn@amnnmnanmdqmsuawmamnmm@naﬁﬁmpmxmummmmnwm
approaches with enbedded strain | ayers not extending

now bet dyscpibryhin tubre digeil. i Fagire lasehematicnily showpariransistpr device 1@) comprising a substrate
crystalline substrate material. Consequently, .un

101, Wé&%érrawr@é%@& A @PPPV‘%?“B’F@H F 13 Jerrier pae ifost %ngaﬁliﬁeﬁbﬁve SOI-like

I nvent |

'h‘élﬂSiSEBlé; E%ﬁ grtg dsuk ratg Olrnéagtr?p €S nfc' oserglccs)n%uctggubsstlga%éaging? f?)nned thereon
a cryst%ﬁn% Qéﬁl&%&&é{oﬁlayew (IZIEr 5 ﬁfu%ﬁ gﬂ@cﬁbuikosulfshgyﬁagﬁg k‘cgmédghé?er&g the semiconductor
a-2f, turt I'lTustrative enbodi nents of the present

layer 10NWAMYIVY aWulidd iRQMtidREay@E 503ahd € Gecbill diRfaBinél &lrn@dohductbr 1gyeF €04, which
| a schematically shows a transi stor device 100

may al®@ORfirsd pgs an ‘sutvstinat. dt shild bapppredintadahat hepbrsen 01, arppmbination with
appropriate substrate or a carrier material for

the layprg 3. i@ ede0dapryverrsent an SREler asghiisedie rereir de astig r%ﬁ%lo“ may not

semnm conduct o

e SSRGS, A0 TR BB B B FORSHELSY s o
underst%gcglsg gengxycct%r%rwnlhax %(%tFélr}glg th? Laéé’? 1§4 tlo ) GRGn %égﬁ %&J/J%er in some illustrative

ate havi ng reon the sem conduct or
embodiments, the first semiconductor layer 102 may be comprised of silicon and the second semiconductor layer




| ayer 102 followed by a buried insulating | ayer 103
and a second crystalline sem conductor |ayer 104,
wovkiocisizey al so be referred to as an "active" PEWEF2006/041560
shoul d be appreciated that the substrate 101, in
conbi nation with the |ayers 102, 103 and 104, may
1104 ﬁdw@wf@s@mxt"aeeﬁw@@asqdu njegerigly Ff Qséé‘t’lPﬂdéﬂmWﬁ’@Feé‘Plna ﬂtﬂrfenféfmw material
er 104 may not necessarily be co

and th%ulf Hbﬂ‘i]}g e ‘Bm?%sr rtHeSﬁchndkléé,ort lna%ﬂ‘?s gzl} may Scflijfer n at least one
charactensf% s&c? %E 9 s%l ge%gﬁo F]tg% wﬁ%g&t‘f’o&l%g(gthgﬁkeaﬁ?%%{pi oﬁg Eﬁlbodiment,

trlctlng t ayer to a silicon
the firstRidEkdond senf&l’l‘&l\z‘@{ layeksM 08 QRE104| hayStratdt ¥ificoa bR 19BN having a different
the first sem conductor |ayer 102 nmaybe conprised of
crystallﬁie lotlﬁﬁlﬁlﬁora Wikrdif) Gor fseandhaient Amaybiver (11a)0e K 1D0)didntgiotwhif the layer
it a's liis'feft ased material, such as a doped
104 m@l have & (1 O pre(d 1 0 [orierdatiay. | AcOR7sHRANR ArEREeReaL ’@ﬂi ‘m hlé}*ﬁd aqvpageous in
i ke. In other enbodi nents, the enlco

solcatigs ey TR TP 4 1) BT I e i mey o
dlffel‘CI? lI'Ior I}]lre r&sgecﬁ Sctryas‘!alhgg (I)q%ﬁgt%glé qﬁﬂs&%ﬁ%&%ﬁlmeﬁtg TRPS: ﬁ kér%lﬁ ‘&gﬂ{;‘@& types will

I'n one e
be descAD& vmf;émmét@ mg&@pﬁuz%%ré R¥BL%r &2 and 104 may
represent silicon-based |ayers having a different
C TS tradslston @evidel EOU Airthd Nconmiphices @i pate felttrode SIDATeeed taheve the second
| ayer 102 may have a (110) or (100) orientation while
semicopdvetod laype 04 2@Yscpreaeditmedion by 4 809 inglatignlggy 106y Tearppigclegipde Q5 may be
caorrespondi ng arrangenent may be highly advantageous
°°mP“Feﬁ BPip iege A opravipgioreuef él?Peﬂi PPy elicam or F?’ rféhe‘fr gRpropriatS material. The gate

1nsu1atlﬁ% E?leirlﬁg ma%;be cBnelpn&edf?q s1hcon %e s dcont Iﬁt%dec rs]1 %0%%};}%1%1&6 244 the like or any

&rent™ espec
other aﬁﬁryﬁtdélrﬂa{eﬂﬁ Meke%?thigg Q%helettu: Hl%tteﬁéflg lhéﬁ)edls% @QQH rB%EEﬁb?y in combmatlon
Wwth different transistor types will "be described with

with ozfe&fr oI Ehet rihtdriblg We€ifeddRfodd, Th @oﬂﬁﬁﬁcﬁtedﬂ eipHtakiors ah€gateOdlectrode 105 may
The transi stor device 100 further conprises a gate

have a ghgltirotgFigh®Sl af thy Imsigbnabatessitnd theaate nldctoéni0s.onfidOfcmpend significantly
| ayer 104 and separated therefromby a gate insul ation

less or ey &9 nm @1 evarhigss fadevicst %fdleer%dléﬂiowl%w H&btﬁﬁhf*? e gnd ke, The

e, of -manuf act ure, I con.
gate el?ﬁrﬂ%rl%éﬁmg¥ BaaF Ifogp%du ?ogglcgﬂpmg .ngr l%z,tv(sél"gcﬁ')lnrps{ If:omc})rls % of 31P¥on nitride,
silicon mltlj’%ysﬂlkgon &chgpar Jot%ﬁga,tlgﬁ tgh;lf &f‘ﬁ%@re%o%ﬁezials §ddltﬁeCiﬂw Moreover a liner

|con oxynitride and’the or any ot her
109, foP RRERP Ednibifd OPiIRbh AbxideVASI RIfBmBd6 8 toHiclbse Bie@hte lbditoe 105 including
materials may al so be used, possibly in conbination
the capping aye®7 @hd the ke owlf semhaldmeuyleral@ MNeaivér] € ebatre flayerel08,| fior instance
sophi sticated applications, the gate el ectrode 105 may
comprifed pEsilipon wifyige ¢r,any otker appjoprigiy Igfilﬁﬂel thag may braisqdgn %ﬁﬁ‘&m etch and epitaxial
extensi on of the gate el ectrode 1

ngth@FOg??F 1 aeaﬁ‘ﬂsmﬂyd%@? ik GaRe SO A D B G 100
C}y;ilcﬁlsprt)cef(s tﬂw‘ltﬁr formlrtg tl?eC haﬂsq tc>(1)rQ1¥\I106 1§§ as s%o lav %ﬁ%qg lmgg Xompnse the

rode or ned
follow&?ﬁ{)g‘e&@s aAﬁé@ﬁ)@'f&ﬁatloﬁ)ﬂPﬁle mztratevml Gt th@ fifdt $RAPHdLG&Dayer 102, the
silicon nitride, silicon oxynitri silicon
buried GHs@lxting @ayera108 QD kHd atdoNseicomMytorOlayet e, mheu in@y e accomplished by well-
materials and the |ike. Mreover, a liner 109, for
establishevswafer bendcteniminies el thef liksj 4 gateolieledirio yniatbeial npppiype Evemfddqyrﬁe@sition and/or
so as to enclose the gate el ectrode 105 i ncl udi ng

oxidatieth fipyiesl yeeiepopition afriiosate telsotende BptErial kv st dt €tPet o %’@Fd polysilicon.

f
Subseqe%'ﬂm“g/ﬁ%ag reLp PRy PG Sy "GV R oA g e fegosted e
stack, m}e%{ én. aPtE Qﬂéctl{lﬁ%gﬂg (Mﬁ&qa}leﬁ n@agsaﬁp SERABER fofnle Ialhi@-ﬁ] glay represent the

cess ds a correspondi ng hard nask,
|s forned substantially conformally on the device 100.
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A typical process flow for formng the transistor
device 100 as shown in Figure | a nay conprise the
wo oo 09338 processes. After the formation of tPET/US2006/041560
substrate 101 including the first sem conductor |ayer
102, the buried insulating |ayer 103 and the second
dappihairiinb for el 45iptitg thyes 1071 O othwmbqﬁhmmss tb@ﬂ&%&%mpqegsrf@dhwte electrode

t abl.i shed f dt d. th
o R Sy B U B B o

cappm% Fagéro&ﬂ gu%% Qe Tngr%actgr\ﬁﬁg) CEsst rfx? otﬂs‘g: éé sgﬁrag:f cagpu%al‘é}%r may be

ctrode” ari a ayer as dope undope
formed Ry Byl b PhernSH RSHAWERN tileYgatehbitbde AGMAD Qﬁﬂ the gate insulation dielectric.
phot ol i t hography and etch techni ques may be used to
Thereapi@} thelinar 100 énagl BpBasiteichn @ ypesis of tvalt bstablivh@lrredirs fflgwed by the deposition of
anti-reflective coating (ARC) |layers may al so have
the spagerdsyes B mulichahdycty anepyrrlishpst ysplasma esherspd gfiemical yapor geposifigp (PECVD).
ot her enbodi nent s, theagatternln pr gcess for

Thresirgh PRORPECE! FHG S BREEOTH 1 BEPD I By DTl g pgenee wit
well—eskt)a%fs%dd %tather for%guonqa kl%l sértﬁ:eie gqy op/%ggﬁiﬁgt‘%ap %ﬁl WO oftal ﬁopuons while

e cappl ng sequent

substalfBIYHhAGLiMhd MO mBeOE E38ed dnNhLLRFAICRIR Sate JeSRAAT0B! hereafier, exposed
cappi ng | ayer may be fornmed and may be patterned al ong

portiondlof the lide£10g atag betebiletd, Actanstinde @y highly adldiitele@h g@tadses as are well established
insulation dielectric. Thereafter, the liner 109 may

inthedgie deposited on the basis of well-established recipes

foll owed by the deposition of the sp | ayer
oA lme%@c%em i smetoni bt A Do it e cine sase n

whichéjft ﬁwce %Ss{lbjec%g t(}(JaEx[% r;%ocess 1 fn:tngg ] £ pfohésg' %e ag%B eFectrode 105 is

cess nay or ms ern
encapsLthX(f:‘By g';ggeré ﬂ)g,QCPé:’ rtﬁ@ﬁ:&ﬁuaﬂ de nheV\ﬁ'lacledlﬁgsgr%Jrép'ﬁ:hs%gcexs Qéhc cess, and the
formation techni ques her eb y renovi ng the material on

cappinb @dr 20Ndoahat PO kich HB&ess l\m kdsi@ts SIS Eeadr icaith Y110r@hd3é Rteral 6fet to the gate
the material formed on the sidewalls of the gate

electrogd EAStis DbieaniQ deffivired &F the space pys e trortiduaing thsflinghuow referred to as
liner 109 may be renoved, for. instance by highly

109Ase|ective etch processes as are well established in

aSMEE 2 oo ! PRy L aReEs | o (PRTLP D PEpRy R acive tover
104, tﬂe %umln%ﬁi%g ?ay%u Wl Gha uél‘tggleltﬁst Joﬁcﬁ&:t%pla%{) 1(‘%n P%I &Qmple the etch process

process ring i's etch process, e gate

110 m&1H8 %rfoﬁﬁ’e@ wif] QifleRnt@RE SRHibLRE BPrdMe hb aGREdS%ch Béhvior F6-example, highly
the residual s of the preceding ani sotropic spacer etch

selectifRrafC @Esiroparecth tdaipestspilirgabllistiy@ for 4 Plurakity of ieadrials kueh extsginon with respect
process 110 results in a recess or cavity 111, whose

to silichmdiewidel silispf gigside prgl thenlgkeg HPI@C e?‘lheft'ﬂw tyers 1@&)’5 sybggantially comprised of silicon,
substantially determ ned pacer 8A and %

well-egtablished agipeg pag ]I’Fé‘s?dl i &ifh thyg ﬂi‘eelf‘yéf ]' dW]ieE?ma ePgYgEgp on the etch recipe used,

to conyention

this ph_al_sf (j)% [he etCh process may stfm(): %tl tl%eh ulqpcplﬁs%r Erz'g‘ la};e ?03et’ﬁlgez@éxo %g%éh chemistry

esi gne roug active layer’
may bd !t]:)%ropr%ﬁ f&le&t%l éﬁth‘m@ghrl)l%){ &e bk n@;ﬂf;tldgﬁztygr 0B Swifidnn&dy, for instance, be
sem conduct or | ayer 102." For exanple, the etch process
providddlfd iAo ef pasllcer BBtdoMaydn Whefcinetvelndstablishdd redi@Einsl bk @Sed. In some
to provide the desired etch behavior. For exanpl e,
illustrativegpmbydig@lseachighleselastite eteli maress byy kamoging materiat piithedurigddnsyletini layer 103
established for a plurality of materials such as
in relaqn) tp ghe material(of %gm@ﬁd%r Ly | @omeydhearidde thasthp partponding etch process
may b% {?hq‘:l‘) ygsﬁctp? di! §}1 jaaﬁ:pﬁ)?,stg%e fensBTxr\rg] aglg%ﬁ e%ree o%/ e%ch u}qunngt? across the entire

substrate 101. Thereafter, a final etch step of the process 110 may be performed to etch into the semiconductor



wel | -established reci pes may be used to etch through
the layer 104, wherein, depending on the etch recipe
wais@d/53138t s phase of the etch process 110 nay BCDPSENG/041560
the buried insulating |ayer 103. Thereafter, the etch
chem stry may be appropriately selected for etching
layertig2hbitsdphsistaiéelBésteblistledi rerings. ftincm the blayieqs e@bgocevﬁf?r@ﬁhirmghrough the buried
for instance, be provided in the f
insulatiglg toyar 403 agyPaye begprrsriamed iy Hehessleciiyity @ﬂl@daYFfe’@?ﬁe%f%%?hﬁtsp may be

perfon%eallré&{uiggé :rgrrﬁ In‘ls.{)%g tgé’g&% lé?as % \/an%g per{rla ag?n 15_110(;1{11 l¥¥e|1:] 102 is required.
Conseqkaéﬂil]y eddhl%}p&%le@%f ngfol-nﬂ%ed'f tﬂeoé ﬂhrbf E}ﬁlr@creésolril Qo R& substrate 101 may be
mat eri al of the sen1conductor | ayer 102 may be used so
obtainell N &lftert 3R 16N o€ 1P GIIKl pRdEEsE1 10Nth FeBIGRS S| 047 YL 00/ of thé Tagddd 104 and 103 are
stopped at the layer 102, thereby ensuring a high
maintaitl@iunde tiefmasited lgateiclpdirodentios.y Inawe dipgrativeeembeditngng tiwidogeer IQP enay now be
101. Thereafter, a final etch step of the process 110
preparqﬁsf atsebspent oipel gf%vﬂemre%“. frrt forminge? sLaif éB‘H‘ﬁ‘H‘é‘fc&’ iyl in the recess

i shed rec
%nglfeatsrs W&I[v%:sﬁb]bspeélc eggmg Brloce%Sf: bep € ?rglﬁg 0 r{slﬁove contamnaants from the

aldang.iaygs 103 may have been performed with high
emmwhg%%%téygtelto the layer 102, the final etch step may

beicpené %MGdIIQ sﬁ)\Jg'tlﬁrHeMchmOfaﬁErﬁhJT&B@Eﬁon (ESI&%lbcaﬂvé ¥pitadal growth
only a small penetration into the layer 102 is
procesd; €gteby fochingConameuemicbyductar tutagihl e gy be reodss Ui fSelerive ypitafial growth
the depth of the recess 111 across the substrate 101
proces3yi e kreselertivagroret of thf semicordppigymestrigld 1ppn & "r’iﬁétaléﬁfl?:ﬁe‘?ﬂlaéec &&dng a similar
i RSSO <03k g LS g, o

spacers Q)%A an&1 thg @%B{nlé llagéc’ 189 thalSe eEFQbﬁ{eH%mhe btanseoqueYll o oafes or may be

sequent epitaxia
obtainddofd %Sb§slsfo@ kesi r@dsMGhe thﬁ&aﬁl% &@ﬁp@ ¥ /Rt RlcoiBd: @ Ndyad 102 may be
in the recess 111. Consequently, well-established
comprifdd &R Biliddd hplifpCApscfied Rfacd@icpetion oritreapdcotorsenioy erientation of the substrate
contam nants fromthe exposed surfaces of the device
101, £&00. Fifirglg; ¢hel kpriganhb pudniatian, lyd s hratsgalthadng e pindlar gjge spacing such as
. after the conpletion of the selective epitaxi 9
siliconjgpreanie Sﬂlfqﬁl@?fgwnﬁ gr ﬁ%l@aYabes%f%Pﬁélﬁ Gl éﬁfﬁ‘&‘ﬁ@‘t"&’? ayer 102, thereby

formmé rsglw[aﬁtlabf 125alne latp ce srtr%gtl?rgs cord %el %g tsler}llle%lgl%*o'i‘ Q’%](alte%Ll 112 may be

SSeés, 1.€e., a se
conmdﬁ sCaosﬂ'ng&it sgﬁuc%{l&({rl IQIJtel’l;‘ll gm& r}h@“ngt(lﬁéﬁ’tlﬁjuée sB&mg o8 gﬂ%dﬂig@rmamum or
aving a simlar lattice spacing wi thout a substantia

silicon@Ab RS 1s Odiffddnt FRM GO NeiGt Qaciipbe kibsthniidll? pas siicel. e dor ietample, for a
mat eri als, such as the spacers 108A and the cappi ng

siliconfg@yneniuni Bidterialnsvjth b epceibitcatotic sfhrdgoromd termatyurg, whergfn the germanium contents
wel | - known recipes or may be obtained on the basis of

may rapgsdip tor23 ptomic|pgreesny ghejnptuigklptiicetspaging g)ggﬁtﬁq c§mpatreﬁléo silicon and therefore if the

tal l duct d
o5 LS55 ) S AT s
is formec? %ﬁ&céndg‘ % p§ol*€/l1’ %%r%pré%glkeesﬂ s@to a(aﬂcegf mlté}ﬁls %H&Sa*s Eh@taﬁlvg-g}ar 104A, which

orizontal orientation,
may 1nm%elcﬁ4nng] égi'oﬁ]&' résichk Bthedfandisd tdoc€ spaci ng such as
i con/ germani um silicon/carbon and the |ike may be
g IIIOMB ilstratiVeeen®Xd0se dheendistd Nelodyoepréseny @ P-chddRsl tradsdtor Ihe active area
form ng substantially the same lattice structure.
of whighe @t lmgt 104At i éo rsesive @ sproRTessivy st se py tg lenbpncp ﬂwwbwé/ of holes, which

consi dered as a strai ned seniconductor nmater i

represqhilie mpjgiity Flygree oprgietti CRSSPARETHESte SPPPEBHY até%“ﬁg o maters
i con/ car different fr. i

112, W%fh m'ﬂlk%?xé fb“g PTpg'l irection acr $s the entl%g%?rhl%%& %Br%nﬂ)rgs%]yéﬁr@ﬁ nl%? be efficiently

ure I con
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silicon/germaniummaterial with a specified ratio of
silicon and germani um wherein the gernmani um contents
wory7/0533ge up to 25 atom c percent, the naturaPCl/asioneet1560
spacing is greater conpared to silicon and, therefore,
if the material 112 is grown with the sane lattice
kmkhbgﬁﬁmm@ﬂﬁémvﬁﬁKMndﬂhknm@bﬁwm@ﬂaE@e@ﬁwﬂh@bway@im@@®lmarKMAami
strained material is formed which tends to prov

also ate@w’ﬁfféfgé?wt“@mtb%@nﬁddm&af%w 1074 eetthedper e ﬁmalgﬂw e transistor

ive I e ch

d
100 may, é'céqregﬁlt rclgarfegﬁagxhg?r ilh?]xéxatfn ghl SZImSafrld E)Tefg as zi mﬁenaﬂlavmg a tensile strain,

thereb}L LlLo%éaﬁ@tzl t%r%ﬂ@gmfﬂqh mérlléglon lbgA t Fcﬁ'ré§a{n§;ieofn Ay Qasm material 112 may be
repr esent P-channel transistor, the active area of

provid¥i G, forkn & -sr.hccinyb@rbl)rﬁéh& fthelIREATt shcﬁlldt‘& apRERited @ha8 in some embodiments, the
conpressive strain so as to enhance the nobility of

strainefh olaterdal la\mi léhmpyeptt egessdrilit ¢xendrégvarintd yheddyar 1§@ as &mg pethg material 112 is
Thus, rOV|d|ngqthe conpr essi vel y strai ned

formedsg ﬁﬁasf@%?a@ ebyrntintiyt e pogire t&lilz*esswﬁrhe Feypralp 4 FRffamale. dpréng the epitaxial

growthcpd%ﬁs,etgelssrra{e}lgtml t%?aé?sﬁgr%a dt htﬁeég e:my%edeposueé aﬁd thwafter the deposition
atmos;J_hQrX Bqa l;el\gdﬁst%dtto IPESlt t tsﬁglge%%ﬁte;ll%iﬂl 1p qio%ﬁghcé %enqﬁé lgyer 102 1s compnsed

insufation aye ayer 104A and al so
of silidoRtif b FrRE Eragk2:h1idoR T 8 ddpbite Y foQChelghiSttdt 3 dn?@hel‘eabéﬁﬁv til@ &Qrface 114
and the layer 104A. Simlarly, if the transistor 100
betweenrale Inyepriose aid WAANnd heanaddr, 4 sibooskesharniym drihdlicpmi¢aehon,alepending on the
112 may be forned as a material having a tensile
devwesqummqnts pﬁé?eélﬁgméﬁdwom @%ﬁtqaﬁgi samicenduqidr @astidl 312 in t he

i on 104A. . For exa [
%%9 el et | a“ﬁ‘ﬁ%r R O ST e B PRy podiments

wherei% ngaméxF lfrgm the deYc' it;l] oM lsﬁjowgqn ?19 Iaas a%?r tlpﬁxta%f bé f%gi?eg%ﬁ the s1dewa11s of the

e stralne ‘rater

recess mﬁQ@ﬁnﬁlﬁﬁlkej te ifAERD gf 1HOMBoskd MR whlNRrdoaY BES Qi 123351 0|4§2 %h g8pect to the
the material 112 is fornmed at |east al ong

epitaxisilgasittaprbded| Tyus] daeting ol tBe dehicCoREgmR 10f antap@ogriaty @pack Oy, for instance
For exanple, during the epitaxial growh process, the

comprigdrpé silieon diokidd, may bpdepesitefeid ajconforinel fhshipe pn the Pasiyey Wbléestﬂblished recipes
deposited and t hereafter the deposition atnnsphere

and thmaﬁ%foﬁn li‘g‘?‘érdp‘f Btdd%fﬁ?féﬁ Iflaym%é’e%w et e P e sp fayer from

honzontsﬂ Sdevu‘Te pox’tl?ns onsequentl?r ﬁXe s8acer e%emeBts ‘f%gga% %agdf onsdgel slpacers 108A and on

S1ACW. ersl § %&1‘1& é\e 1t 1 ia
s R S BB T HER I o i

growthSirdckss ORIb@6Ver 8 Alstisbridh 181A MR/ atdia fhe rebeys @ Ndinnl: Waks <Bﬂ'iﬁ appropriate
devi ce requirenents, may be deposited to formthe

epitaxigltgramittnerdcesse whegadmaehlpcthe matanied eff thademicdRiuctf lgygr E2|agks as a growth template,
schematically shows a transistor device 100 according

since apyyotlyy rgytallinielrigiont. sich pethevidsyalistemt & thedpyer Wih aregeovgref by &e spacer 113.

o o i e LA o e
differ smh%ce ﬁ%ﬁ%&n Ha@ﬁzp %?m€ sm&h etﬁep ﬁlg‘eegmél rg%\’\@!: Iepltaxml growth process

I ons A'wth respect to
formmg @1% IR | 128G QM iR BF B8 Sr-ystéflliﬁd %hara%teaaru& bin@: thyeO1OR Bﬁl?
device of Figure Ib, an appropriate spacer |ayer, for
I Bigtrarne echemaiplly Seavsahe anbistarodevick 0001 id @, furthey adyenced manufacturing stage
deposited in a conformal fashion on the basis of
accordipg fol furthert ilisiritis hremepodimentsy avhergimipartipmobthé weqer deea il B iempYeé to expose
ocess na be perforped to renove the materi

_etch pr
e SUBTAIIAL SHicBYr Fors FRGTOHUIE2: R et (500 FBHE 113 to leve
remdua?ﬁ 3 gmgau gg %mé: ni%léh’&g by d ﬁciﬁy SSeI%C %g?sm o}c}%ﬁ groc% b\evﬁlrg l’; Isp%Hdmg recipes
104A, 103A, thereby encapsulatlng t he | ayer 104A
during the subsequent epitaxial
11




growm h process. Mreover, a first portion 112A may be
formed in the recess 111 on the basis of an
WwW@pprop3sat e epitaxial grow h process, wherei nPONUF20061@41560
material of the semiconductor |ayer 102 acts as a
. | ate, since any other crystalline regions,
dre” Weﬁ{g&gj?ﬂbh%d"{éﬁ Bislkaligh o8 patrials Aar ipstance; ailipomydiaxidg G begfhiciently removed in a
vere th er 113, A correspondin arra enent
ey s caend ks PR BGo P st TRl TP G e By Brigoess my
be cor&gu%@ @[&Fémlél@ crgRMlmql fgvﬁﬁ suF]s?an a%l& %Ltellmr?n%d %5 Itheenr;la? lo&)‘rtlon 112A and,

mat er i al conp03|t| si nce” now

therefoRd) tht @pbsall crodtMnde burﬁseol@@&ayf et ﬁbs&gtlatllb SrfddBhLESvEAN ¢ fhe kifucture of the
determined by the crystalline characteristic of the

strainedl gepraqondbO@r adrial. Het grainple, lif tBe Grodmlifia ttive@tel of ths pavisn 11R& differs from that
transi stor device 100 in a further advanced

of the lﬁﬁh Wécftr%m Yight sismgieh widloomrimigs thefoftbr eiiexialigtowthatrocats iirvtée vicinity of

ein a portion of the spacer el ement

the exfp1e Iy ey s B ERPHY et 198 T SR terFonY SRt ke Gesie crystalline

characle@¥.&r 104A. A corresponding partial renoval of the
spacer elenents 113 to | eave a residual 113A nay be
acGHant écﬁéﬁﬁl@kahy sRwh ihg théisSE l(f@%&'tér‘ffe do&QlEﬁoQ QT 916 %ﬁl&ﬂal rowth process,
process, wherein correspondi ng recipes’ Tk

therebyt fofnegi al sedonddfortivatl EABi calstaamemfrucbmt,tanﬂa&na&bdvb fh@ lﬁmﬁbxﬂm pAlert should be
may be efficiently renoved in a highly selective

appreciig fetralspyin gl qateetie byrdhmef 12401 128 reayingt meepssatili@e biokided completely in the
Thereafter, the epltaX|aI growt h process may be

form ctf oh tssraﬁxt?g Osemm'éifl%?r mf,tﬁ’g Cl?ug/ ﬂaﬁl a}lqongclgq«eomrppnﬁ é)f substantially unstrained

I det ned rtion 112

s SES! PRt OB R M EIRE 1o 0P | 22 P ol S8 i ven

below ﬂ@&p&@& s&&@ﬁb%‘ tl‘ﬁ:l lJans (ﬁf gp;ﬁaﬁl%&éfﬁfaﬁh lthegeﬁﬁ(e? tt@el Jeéoﬁc? ortion 112B
structure of the strained sem conductor material . Fof

may becgtePpattially bs dohStrautel SdaRtid] iamtpagitally &t drhiBedGhatdriliCor ROk tcd)rﬁ}ﬂbtely strained
112A differs fromthat of the layer 104A, only a

materiag; | $igyiarlynif & eretti Hegyve of “opagrowth’tia désingl to previfiamaisddeirain and source regions for
epi t axi al %FOMIh ggocess in the vicinity of the

the devigg 5993 & aargctf @ewion H2B mayhe pravideddn e Senpf mtonpsiited glaterit} er a strained

exhibit the desire crysta
matenag h:l é)elgic & r i S lpro(%ess ané da,)ﬂ(fP éeqinrefnexét% hI «%r eglqurx%%tg H{ﬁgglta{xﬁégromh process

may betdfséd'ﬁﬁﬁlétﬁ Qﬁhowo@{u%%ﬁy t%g(% p%lqlml \?ﬁeh Uk Ilralg IQJ% sglg-(lze T (%fl% ﬁrg considered

growt h process, thereby formhg a second portion
inappropfiat& { I'Befagrtlr, S@H fE:ehafl Wiah@icniBd gidc@sls AJO¥E cgrﬁ‘iﬁueﬁoﬁl{ @k illustrative
112A. It should be appreciated that also, in this
embodigaige on thh basBof welbessblishddAechdidhi2 ivhuiding Ot ran@et SHMhE hﬂagersbmsA the liner
provi ded conpletely in the formof a strained
109A a§<é e conpéng devst 1q7athe foraption 9f en ampyoprste siddwall [speades spmum erdsintermittent
of substantlall%ﬁunstralned sem conductor _materia

correspprgiog SRBIFRIE? PIORSYER (oA rREvidne ‘{“h éeq‘fl{efi Sepapopeilp e i‘?f?%dﬁ‘ﬁyand source
regions. 1 §1 i}%ﬁ?%oﬁigw 19 1 al;})%# gcbénb% rOCESS sethgr\{aé I?}%tb%)é e?TSdeuq thgtua%{)ropnate dopant

on t asi's of a non-stra erla

profilestri¥§ ﬁ)@ﬁ\'tﬁx@eﬁ 50 b6 eRBIE B8 QpePeﬁ’iBﬁ bR dLVidB 00 8Ya @aﬁsx%rg\émce fully depleted or
paftially as non-strained material and partially as

partiallys Hdpiiet, CithviiR thed tlahneDfegiafs @ AR Bk Binind tof aheN@lice 100. As previously
material. Simlarly, if a certain degree of

explainedgfppexgeraeht $edled SOIdiks ransisiors,ghapis gathickmess af theldyed t GiArmag el approximately
source regions for the device 100, a part of the

100 nmygigd pyep ﬁ‘gT%@ZB“WﬁV e mﬁ?Ffﬂf\? i1k Brtyqen i dayprolf: ghd the buried insulating layer

r ai.ned ) strai ne

1024 R Sk PR en bR BVRE0eF BT BaReeses iy be adaped
to provigé Qregpp?ogmgéom?e@&o% et I'ﬁ\I _ﬁpétlgr?)&l f%is fgrghng\éhlamﬁ{ rggigé SFMS pugpose the

di scont i nued wi t hout prioviding any raise portions,
when rai sed drain and source regions are conS|dered
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i nappropriate. Thereafter, the further manufacturing
process may be continued, in sone illustrative
weedodsizent s, on the basis of well-establi shedPCT/US2006/041560

techni ques, including the renoval of the spacers 108A,

. the liner 109A and the capping |ayer 107, the

‘Soresppimirtids il gfediagrheppriep the atidh of Heidividua pl@l@velﬂ spdcere ovithin ghe sidewall
and intermttent correspondi ng i npl antation processes,

spacer 7 ARVROAEPRTRS reRRRF AP HBIFEH Mo P RiEsted 40 e tpdesired dopant

drain and source regions. In other enbodinents, the

‘above descri bed process sequence nay be altered in

U higle @%féﬁ%&éa% ShotlORE E}Lns@{opfdolaﬁér t@aempﬁu& P We A §QcrtRd process

to enable the operation of the device 100 as a

sequende/ AN 184 ©hsidGMDE @mpfiteh b YdAl@Pipated drubire 8T 4djaddnt ¥ the gate electrode 103,
depl eted, having two channel regions to enhance

whereipige fBrarame@reof15tung b ¢ plukl@.of Agivping \spaoers [115A, 115B, the number and
expl ained, for extrenmely scaled SO-1ike transjstors,

dimensiop, gf wlp§1 deaenflq‘]?rbtk%@glgre(bhorgﬁ@l fiwlglprof@@& aﬁﬁyecbg, drain and source region

t d f
1. O B Yo RO e TR e = TSR Vel ot ihed o oban
a SpCCthanl!)L)gl{ g{(}gle n?%%;dralrp %{é} TR 2 1&9112 wHe?&rg %&gpoﬁmﬁé’]pﬁljuncnon 119 is

regi on correspondi ng I npl ant’ati on
appropriieBOESEE & thBYyePR4A AR iall cRIneY todBrrdfbndRPEnRREl rédidhs, which may be
connection, i.e., PN junction, to this further channe
located rire he @iginity-of thé kmitefaqesli 10 114 hidbredver, chetl sjlidide region’ 1 j6sdng 117 may be
icture, i.e., the wwdth of the individual sidewal
formed fgpaaé et Se dipingndsoperegipridfand thasgsgiectepirode Hjc Sivpethaugeion HAA is laterally
ondi n | ant ati on araneter

encloseg gyt ait{%lgfdesamg?}ldg g}aﬁnal] NEZ 'Y gpﬁp tﬁlgh]tzx bsreg‘ﬂe{ltky formed in the layer
104A in t%c,g\;ilgugiiy of e %%n?cgqill & %Jelk & uﬁtﬂg ‘ngmbh)? E {n%pfg SILP " t’}iQ Qxample shown, the

he co etiton o escrl proces
' strain 1@@ G BRGRted B usmmgﬂas%ws @S toSdnBincd B0 HoR %?thlfe}e %mﬁm the layer 104A and
i dewal | spacer structure 115 adjacent to the gate
particulaiya@lthirﬂdig cHadfe]s thidd @iag fofim hitBe iledeey 128, N4 aiiriht he bp&atidA e the transistor
include a plurality of individual spacers 115A, 115B,
100. t he nunber and di nensi on of mhich depends on the
required horizontal dopant profi a respect|

OREFTFYioHY CStteecht E@F‘&ﬁr PR guay of f@m%d m e it Oéivahﬁtaéhshed process
techqu\é_vo &Ier%%hélgogea 111us§1p 9 Ve em ociém?n?s at%c%ast the deél n g}qhef J}J)acar %ﬁructure 115 and the

are provi pec
corresp&nrdﬁg lnlllﬁan'taﬂorl: a}é‘lesdf-s %b&sﬁ%ﬁﬂngq’yoé\ll &1 t[) %5@ ﬁle l’i]%uncmeflg lup atff"a propriate
corresponding PN junction 1 I's appropriately |locate
mannerliflorldd @ doddeito 88K thakird! BEREE @!ﬂﬁd iale@cys 100aM¥aaS. TiRreafter, the metal silicide
correspondi ng channel regions, which may be | ocated in
regions t1h@ MV gnapibe yorokd ohdhei hatie pf adkestail@iedapdiniqded . supfbzsetbe deppsition of a
metal suicide regions 116 and 117 may be forned in and
refractogypmqtah andgy sHbsgausnt dreat Gegtpeat foyg}tlétﬁxg thegonyst§ion ke 1@@{1 @ilicide, when the gate
el ectrode 105, Since the ion 104A.is Iater
cteerod 5 86 S Ao ot LERPROR aE LT DB A 2, o
%Eﬁoﬁﬁ%g}%r%teﬁttﬁﬁlﬂﬁ q‘zl)gt%u}a§o (Iff hcﬁegﬁé Il(yO ;SOSElmdlill Iq%ugj ?g is highly

layer PN the vicinity of t Interface 12

advantaf®hd foRS H-dhafnBCurbiGbd ks, fafuuts Rese, NtRMptBGR skdift in kiR £H& 104A may
exanpl e shown, the strain 120 is illustrated as a

significaidpincress ihv BolSiotdlity) theerbeildoaniaecidg e duiod @ biphbility ofthd device 100. In
the layer 104A and particularly within any channels

other embpdimenta\p téngilanstrain maj e igeneraied Ay providing a cartespopklinghygyraingresemiconductor
operation of the transjstaor 100. As previously

mateﬂald’éﬁleﬁlia'aéad soprpgregip HE pEif BiEViauss crRinet MPiER Vi 8 lbwe‘tl%@ly explained, the

crystalhne s%rugturgfm M\{e ldll'afnea% Qol%lrcle Sre'}%gx 1P REER f?mtlally defined by the epitaxial growth of the

profile.
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techni ques, wherein, in sone illustrative enbodi nents,
at | east the design of the spacer structure 115 and
wo b@7os338Espondi ng i npl antation cycles is PCT/US2006/041560
correspondingly adapted to | ocate the PN junction 119
in an appropriate manner in order to connect to both
‘strainkd higinitedduilemiadislllawhitthé iund e baekon 1R camallide] dmplate provided by the
Thereafter, the nmetal suicide regions 116, 117 nmay be
Sem“"?“é‘fcf?é éPY?f L0 tged besifese, of CrW@lline étﬁicﬁit?l inghrodrain aoth muqx; eglon 118 may be
epositio actor%?netal and

adJuSt%ilfBb§té“a‘ Bg)h trx&agrgbnt]ty Ifrggtt W[sta]‘llaer co upation ﬁl@ lfyﬁ%l 04A, Wh1ch may be highly
advantgé%mé% rénp@es gFtE‘aﬁL Stor: Arg {o%g fon‘m’&%ﬂ thte %ams% %e secon %énruconguctor layer

05 an n an e source reglons
104A, @s ill g@deﬁdnﬁ&ﬂﬁ mavdastat w191fref§rlerlcla @t burel $a-H houl d be
appreci ated that the configuration of the device 100
aFigete Gusrhénmmtiballg sifosrs b grosssedibighvigiv efd\sarmit @ged 8evicd R5Bcomprising a first
_P-channel transistor, since, in this case, a
traHSIS@b%PBNégcgq speond trangistar 08Pt The transigiors B00N) 490P ey represent transistors provided on

diff %%ﬂg ficantly increase the hole nobility, thereby al so
HiereRt FHAHEP At Welieat ras @l rpa fepresenh érb‘}S}SPfSwf &fffefeﬁbcoa%we@ and/or may

represe:l'lp Qan31lt51's g% Elﬁgrexg nJQI%d%CtIVlgy és 21701t gxgm{,)ll&l frans%t{) %@ﬁ Sy represent an N-

enerate correspo
channe‘ﬁ Qs d&lﬁﬁé e ARER) 280P ﬁlﬂ/ Iteﬁ}gselqraaf’ Hlaﬁrﬂ:ij traitb:C eTl(ee&'vQ@ 250 further
118 as is previously explai ned. Mreover, as
comprifsds @\sulstigt P0lehepingifstRel therbd LeiytSratalling eenﬁaoﬁdbetwraﬁer 202, tthiBwed by a
drain and source region 118 is substantially def i ned
buried [ipgulgtine lagesi 203 op afhlclg sdovriad @ fecoridennstalline $emicbniutor Igyeb2(ge (Regarding the
on the crystalline tenplate provided by the
characteriigscqf ﬁ'&Fu%PP%thelzﬁil &pd the Byerh A02, £9ferndi28t- éX BE (oyftstia pIpiRS previously

LA B 0] DR BRAESed 00, N o e
first an§ Ee¥<§1ti @!atlsis{&ﬁ 266N) Eb(ﬁ%a@kén%ﬁseoafgg{e Pl?chlogty 25 forQH on ﬁ’ﬂé &E‘JIM layer 206,

be highly advant ageous wh erent types
whereidl fhagsit Slkodes 20E ark @nda@ulhied BEA cRspbithg m% 18er 307@ind sidewall spacers

second sem conductor |ayer 104A, as w be descri bed
208A. Mpraopr.alepbeding dn davitehrequaénenemo &’solaﬁ)onEtrgmﬁeeSll 2ay B4 proded tr parate the
2a schematically shows a cross-sectional view of a

frst and g0 GARFHEEGPON Q0L FUpSEasts theirss irngister 200N gey by eemeéddty@rhard mask
nd a.s d tranS| tor, 200P. The transistors
222, ooy BS B st i Gin e v i gyl ol
dir§ §i8hRE
r epéreéen e’?’%g%i th:dgfrm%ﬁ%y 39 8 eorr %cr}ll a(g%nrsl clsﬁur a ngéés 200N, 200P may
require X0/ 1R pdiBInAEP 6 HERL trah iR bS iRivudly dinfd&f Q&t mstance by individually
conductivity types. For exanple, the transistor ﬁ
generatiyg ptraire jor ths ehatnehregiblah)adtogd off tha fissistb® ZOONWROOFE ot ﬁ}eany other appropriate
transi stor 200P may represent a P-channel transistor.
strategiesh dn efie justeatiganbpdimetiahe trovigor 2&BEmay reprreitt pmNehd@d transistor, in which

the el havi g forq%d thereon a first crystalline
ee ecg%thtfl Ima}ngipéﬁl at gwderaftﬂy H“%Q/\EYfl Wr%lwdét@rqleéwer 204 as a silicon-based

0]
layer ha'vméy% <ie o%eentagé ?f{l O(§ e 5 cor\{m[ as)llséorr%}%%ag%g&gern elﬁ-g-‘a?lﬁletranmstor whose
reduced%ﬁrn%ﬁl%r bv%ﬁxé Wth@ied&c%m@dﬂhyc‘gﬂ' 1318 inZ0 (1003@ anhr?la}J E&etthaticed by locally

and 204, the sane criteria apply
applyin@ 5@l eItk YesplRG@r ¢Ha@@l Wweibh by &8 Qﬁﬁ&dd&d)stfab@d Sdﬁb&h&lﬁ&ne mh@dal in the
and the layers 102, 103 and 104. At this manufacturing
fespectiset érgie and paurdej reEen, and deeibstidwitlr efesingt OrBg@0 0N g DO@R traayistor 100.
nprise a gate el ectrode 205 fornmed on a gate
Addltm?aﬁé lﬁlreatlrrcaw TFsispEte SOE drajhad é‘?“l‘Feth@ng‘aPQafO@Feé a1t the sheend 2@8pistor 200P
may be enhencg lc}lriag;agggg roge%grrb{oee gcggllyzg%le Egl il:?gtylg huszthsmtor area.
deV|ce requi renents, an isolation structure 221 may be

provided to separate the
14



first and second transistors 200N, 200P. Furthernore,
the first transistor 200N nay be covered by a hard
wora®R/ 028382 whi ch may be conprised of silicon nPCT/US®N6/041560

silicon dioxide or any other appropriate material. As
previously explained, the difference in one or nore

Condeipinaity e todiidBitis Wogehation bietht i Sémitahsto? ¢, 220K BRAYelected as a (110)
require that the performance of these transistors be

orientqtippy Wemmmwﬂge%maﬁbt@aplaw for the snbseayroioordsyssing whioh id bighly ydvantageous for

strain in the channel region(s) of one of

{1
emmm%ﬁ@%gggﬁggg?ﬁ? BeoERistos 9B or by any ot her approprlate
St’['im@ﬁe%ﬁk &50 ai Sfdbﬁﬁqg’ F gllrle Ys %15393 éel r}llaenufe {[\%}ecﬂonntge f)dS]ts vnvczé’ll-ess%agl}shed process

transi st or nmay “represent an anne
techniduBs adre G130 dBRibed \ﬁﬁltréf&&c%méu}etlx Mtlopﬁly ﬁl‘ﬁha@ﬁgﬂ%ay Be formed on
noderately high |evel by providing the [ayer 204 as
the basq ofi veedirestitdisted phaylitfogighy i afd)etéh Sthiniqads Sfod EdaRpit, aifﬂeloé'hcapsulatmg the gate
O The second transi stor 200P nmay represent a
electro Pk bagiy efipdechaioe as inhlys desaribeilis Eiguth b4, erbmka aythin liner layer (not

" e reduced nobility of holes in a (100)
shown) ‘i“?yn%o P°$1‘F§f°%?é”e% Fon & &g 3k S Ppicly p*pthfgﬂ Yoo ¢ Pesisigf a corre-
spond&éﬁo{oﬁtﬁ ?a I\I{aesk G %rrg:lqla+e hnelgrP%Qlctb an cral%l} St({? %g? h%rte%%}d I&eqlner may be

sem con tor Xt eri e respe
removICbIL @e E:§04c® r
i gur & .’E’gl g"‘*?‘é??%t PGSl B St ich 38 SIRGE Flefhe 20, Tnreater, o
cavity prurereds ie©@RNprb @Sl riedy BB pe@fofied ih@ded fo&blﬁbtﬁdlﬁet&ﬂh@‘ &Bosb B DR Jf %e transistor
be formed in the second transi stor 200P may be
200P, eerrharrferaénslayreqursdivputh iy laver(204.0)e loyer 205t and inonthé eemiuohdtioelayer 202. As
Q hole nmobility, at least in this transistor
prev1ou(.§ SXP 171 1 ﬁiungg p sqbp_fqpqgf pmtfi%atl |g5wtbomroqeﬁearf ]n;eggrence of the layer 204 may be

ay. e selected a (110)
reduoed S EAD NG BE oY 05 oF Pl G ot wipppede a?doxhe ike with
respectttg] %Jes’l%ﬁﬁﬁu efht,ls L Q&qﬁ%'trﬂge mt)o(annehts alglé%g‘l I%yeﬁ ?1 }a Qé % prlor to the
for enhancing the series resistance e transis
epitaxia @th pid&@s.devi ce 250 as shown in Figure 2a nmay be
manuf actured on the basis of well-established process
t Eiglkm Rlgjerbanatisllp slewa ke ded@ 260 fize the whitdropie biell @H@& fbOforming a recess

gure la. Additionally, the hard mask 222 may be
211 adjfcﬁlﬁtﬁ%ﬂ}e esarsyiatedzats F:]gctl@ﬂe 3R pf thesggondhiransipterPOOP, wherein, additionally, a spacer
h tech f
e 2 LIRS B0 LSl L B 0 EOP L o compric o
silicon Q@ﬁh@ g?@og)?og&nrgﬁllap og%? AR Iap%ro rrlzicfoglelgcr CE }rr]lgte dal Ithr;lt su;)geﬁlgaqublghibits the
depos1tﬂf§ m&h{c&ﬂu&& IdaeMve durlly ﬂklglﬁ)séaaé‘ngepmf gﬂ@{h%gdcégg In%x'excel?nbl)cﬁments an
then etched on the basis of a corre sponding
extremefshibinonatetilldgyeapdyyberfargkd bydi@ afprdpritith @epotifit@rtechiyueAduth AShétical vapor
etch stop layer. Thereafter, the liner may be renoved
depositipp es?ﬁ«immnmm depositionrt LR for depBiRE 4 condustis mptdriale such as a highly doped
confi uratlon as shown in Figure 2a. Thereafter, a
semicondiGiqrioh auip 1ff8f&fé§§/St%1{“€r?hiﬁ°&8%§§%°%§fedofé Pt atyfefractory metal or
lL.ectiv 0 ortions of the
matenalogo%ﬁé%ngst %x%% E’ mo et? 8 ucf1v1grmwﬁ éep rgglfc élég% Je{)?ﬂ.uBrb éaﬁe Haesubsequent
itaxial 8%@Hh RRGs. T Gonl am&r %9% 593hehi@l £ ST
P %er %%2 As preew or?Jts ymexp a neﬁkﬁgtrﬁ% B%j 13 Bhy be less than
approxmalélgemﬂﬁﬂtas enkdudX hrddffed oD We MayB 118 @8 $he da¥icel Héﬁa@foi‘- e S layer is not
of the |ayer 204 may be reduced especially when t he
removed pripeto coridetidg thé sbsqient epitaxist gdwtiopro@mt at i on, materi al
conposition and the like with respect to the |ayer

202. Thus, in one illustrative enbodi nent, a spacer
| ayer nmay be fornmed prior to the epitaxial growth
process.
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Fi gure 2b schematically shows the device 250 after the
ani sotropic etch process for formng a recess 211
w@adyamess2t o t he encapsul ated gate el ectrode 2BST/OB20061@41560

second transistor 200P, wherein, additionally, a

spacer layer 213 is conformally fornmed on the device

2 5k ingaipbisn mbe sifatdrto hiddh@birepiSetdiByock® in accordance with well-

conprised of silicon dioxide, silicon oxynitride or
establighpd/proeds ercipapiprrepaving the naliegdl etthe lner Pigtiemihatizonthlgievice portions.

substantially inhibits the deposition of sem conductor

N 24 scltswtrcﬁéy s e edgrehriteghe eoaplefonypiolit ppove-described spacer
formatﬁﬁprégegs Hﬁn%ey er’ %gbb gqg%gs%g%gpsg/er gw%xftg%r%gg%%{lfl%ié rIlortions of the recess
211. Iﬁj m%}ng$dggents etﬁé%%c‘él”ﬁ&’A%ﬁ? Qe Bined Iapmngcﬁ-lal t‘ﬁﬁ%&ﬁ\g)ld c%r gtr least reduce the

deposition ( atom c” layer deposition (
depositghR D SdntidoRdic@r ARG LY the BRERdnBLpita:Sdl GRwASprébedd] @hileYon the other hand
doped sem conductor of quite different crystalline
may exbibéraanddenatelythighSogioeryay @dthdt thetshager 21948 map @&, hagy to &n yemoved during the
refractory netal or material conpounds exhibiting a
subseqyfyt enitatial SOWHPECPS tEPr etidiplce ar cﬁ??@d SRicHdstPs mafe@ﬂ of different

charsclof gt AT § B MR A sping PR BLoBt NHE Prarecn g may be
filled bg?%mﬁ:%d s%ﬁ&ﬁﬁﬁﬁpmﬁ%g%? tﬁéighgljﬁé{erétlég 1} &ﬁ%haq?] &gstgnggﬂﬁgerﬁlﬂled by the

ect ayer on t evi ce avl or,

layer 2b2) wBerki® Yi®f influSndd %mrt&wﬁﬂ)m hlafbe dighifcW s xﬁ‘%ﬁeﬁk@d &daeo the spacer 213A.
subsequent epitaxial growh process.li& Mt'er!

In one. iliseaive te@bddiheh the nfRyeribl 22 SbHy| comprésel strnneamlam/@ﬂiimm ltavmg a (110)
etch process in accordance with well established

orientajigng de gther cmb¢divesyts{ forther pragsesing gnay hecontinved: agls alse desprived wijhegeference to
213 from hori zontal device portions. Figure 2c

F%meé%H%H%@?%%ﬁﬂﬁwt@ﬁdﬁ%“?%@aé@Wﬁﬁ@”?@o after the

an}[l)rl % &F%qlcalfyhss%v%btgevgevwe5%?{% ﬁrspgg L eggam térow@lzxfge&am a first

cess. evice
poﬂlonfﬂEMeﬂﬁorﬁlhéﬁﬁ\ﬁ@!ehal R}Qﬁcthlng.? Be Qitrafnt@ma[tgﬁﬁ?r§ n&l%am‘scﬂm&gfﬁp is formed
enbodi nents, the spacer 2 13A may b e forned of a
in the rB®Ese 1. aMoxtedwalt thEBMceR Y BAMnaY Ibe pdrtidllg RGiovdd@clfsaea kpar 213B that exposes the
deposition of sem conductor material during the
sidewaBB48 opfi éhatregiqui 204k dlhe grrositrémqyalod diesspaash 2138 03y Yehascomplished by an
ot her hand may exhibit a noderately high conductivity
lsotrop§ etde Pra‘tessnz #ds rgyipudy dezcni%iﬂ‘”ﬁﬂifefﬁtﬁf “’H‘}W%acffd 1#e renpved

I
exlé?l#‘ﬁ 8sc gm?.ﬂc% & gv%g% &ﬁp Itg'rn 2"‘(;j ﬁﬁf Ce(:§1§1p18tfon of the epitaxial
growthg#c%gs? Erﬁlntﬁe %ﬁ@&aﬁ&ttﬁer énéatpku‘fa%ioﬁr}ﬁ t%@ gaté e‘?ect?ddggﬁofs 'aﬁcﬁfﬂg h‘)ﬁoxﬁal of the hard

ferent lattice spacCing nmay e used. Mbreover
mask 2B CERS, tHeldevid®Y50RoRprlsts dnQ@pe YorBorst10R lofl@ldl_nsce&m‘c&mdu&txﬁmma1, which
material 212, the characteristics of which are
begins gtLHp Siit@fatd 2K loyat et lewsrilyiexdodayiont WisicH @ypeaxerB(iRiesinafh eires th thamygion 204A
influence fromthe |ayer 204 A may be significantly
via the§m9'}§zflle2§)§§do efete & éesquqlery@pg@@qm thergig.A Foy gxapmple a compressive strain may be
| ustrative enbodi nent e materi

or eated§?’ S PRFEYR PP E%ﬁlieé‘é?sﬁﬁ’ﬁ?%h??ﬁﬁ“ﬁ@ Pa‘fﬁ"(“i% ﬁ?nsﬁﬁo¥ gf;g‘i%*??’ explained,
a desuecpdeg}ep gf (av%%(‘)vql L1 c pro [ituhg orgﬂ’ngecfﬁlsﬁegge?%regexﬁs when a transistor

nue al'so scrl ce
architedftr@WHiErak &l drddYanB §ufc® [‘eg?oﬁbgs @ bBkskhddP it 8hoald®p aﬁ@cfa@&(ﬂmﬂlthe portions 212B
grow h process. Figure 2d schematically shows the
and 21 ¥embyCaveXbitaldgiaplic ehafabttrgticsSiaefe abstapiltyaxiemlined bpihé semiconductor layer
wherein a first portion 212A of sem conduct or
202 as iyalse priedbuslywkalaited.nBye th the dlatst exapsnie @f e sidawialh L04§ rdulgpg a ﬁnal phase of the
non-strained material, is forned in the recess

epitaxialygroadly @focest ke @fugarsr L4 oqaymaEh. (0 rthe layr 2044 ﬁﬁxf@dp‘?ft?n 212B is

forma spacer 213B that exposes the
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sidewal I s 204S of the region 204 A The partia
renmoval of the spacer 2 13A may b e acconplished by an
WO s@ns8z et ch process, as is previously descptbes2006/041560
with reference to the spacer 113A. Figure 2e
schematically shows the sem conductor device 250 after
slgnifichnkie el el F el diricdl iarepristiaddf ee poia1DB pie GGG Fialydbtckiliged by the
renoval of the encapsul ations for the gate el ectrodes
layer 2020 @ hay jig) ift faingtanpey ¢ &ll1 0)ofrientétion harayidahinkhed@2r 202hthsportidne 12B may also
g i.ce 250 conprises an upper portion 212B of strained

have UL B AU BrentEtretifhe, 2osmpipiihabrdgi 1 éa“éfﬁ lrgﬁul?rmeewft%ﬁc@mmw of the
surface g&ﬁk %lasa e¥all rf:s\{v?afl(ﬁ o¥ %hn gorltlgncéég otgdt is le mc%gltﬁgl}ea? E)e 31gn1ﬁcant1y

esire fress e regron AVt
enhanced Afkeeb ?, QddaloRal ﬁncéasglg SrfefCinil (Qﬁabﬁ’lty of ¥h(3 ﬁhrﬁlsttop@bﬁ In. For
exanpl e, a conpressive strain my e created by the
Praguie zmchanalnzﬁy\stm the B&vick DRNB b Kkt acﬁi@&Eﬂ hapf2ameg isged Here, the first
P-channel transistor. As previously explained, a
and secefd SensistdrsPEQN. @80 odfachrpmprise @ vesiectir yrabee stprcwre 24 @ with ppe or more individual
accordance with design requirenents, when a transistor
spacer elgmepts 21261 3B Yot tbea%erostrat‘rﬂg? A5 dndimensiaredao pseip Pei#@ 2 reguired dopant

profile mgdrra?neanfdosglg%zrgglons &‘?g qt tragrfglstorﬁ BBJI\? %lr)(;ﬁ/’ts ?salls P c? }c;ies%h d_with reference to

I ons ave”’
Figure l%h @Bﬁg&ug{‘t lystflé cﬁ)?ang H’@ﬁle ﬁ{dqhesl&lg%%@ Edn@i;;laﬁﬁn@%%d&&@ §|19b wifich may be
he sem conduc ayer 202 as Is al'so previously
of dlffe&tiJoﬂiu&Bzdy typtl GvhbONT 52 P dhadnel"tra8iRRS At Conbifierdd) @ia P bal@Baddl such that a
204S during a final phase of the epitaxial growth
double ghrelerosfigutatio mayfbe eeabtished for partjally et fullscdplnie SPRlilehyansiford inavhich the
| ayer 204 A on the portion 212Biss gnif t iaiid s
active lafy@-tzpf% gqs a dhickpess indhei agqvp@gecﬁed RPES. BI@F’PYC(B isoresprpding metal silicide regions

o A s e
I{s]-: ngfach;nggﬁrg&%gsg 44 te% eJTB)/ foﬂnﬁé) thle] A¥fee 250, the same criteria

stantla ly a orientation wth an acceptable
apply a@ﬁ@ﬂ&klycbﬁ(pﬂuﬂédt WitCrefefeh @AM RN thahdi®® 106 WHRINVILE bcﬁiregp%ncﬁﬁg implantation
the surface 204S. Thus, the overall resistance of the
cycles, poever, g p@ oA i;d uidil&timllyﬁortehrﬁ ofiib¢ @ansimtys RA0ONyand 20AY. Ties, the transistor 200P
significantly enhanced, thereby additionally
°°mpﬂ5?srm¢r@a§1141 Fputee Faeion 21y high prozigentd dopireg type of Reain mnwh@t nrpvaﬂs at an
ure 2f schenatlcally shows t he device

interface 2 %? B?tifveeé e éate/ gﬂgaélan h% 6966?8@ @F aﬁeg 2%%% alsq_% f;h@ 1nterﬁ%e 2 14 between the
buried u‘fsblgtﬁl% la erg()?Ae s 'ﬂ% lz;[ L Sﬁx Aditiof 210 Nerleg‘ foe%]ll?tan%e otllheccgarﬁpand source region

ctive spac ruc ure

218 may &d&dﬁ&eq% LppRdR&EY seﬁ’écﬁ@%t@s%ﬁsﬁe%m&gté@ef M@ﬁﬁiaﬂ \bt?matenal which
spacer structure 215 is dinmensioned so as to o%taln a

may havé @ Giffereft GryQ@IIRY Yriei4tioh tdnPareditodiicAiydr M. BIRk! MtigArafisir 000N may have an
218 of the transistors 200N, 200P, as is also

enhanced| els@ion obility dub to @pepratebeseleged-irgitatlime bgenta@omefabriBydr R4A, while the
the dopant profile and the |ocation of corresponding

second t),:am;lﬁtcﬁ I%BQPI IB%Yé)e Qxllgncem Qgﬁ‘orﬁw berrgyidipg the sfaind20 and providing an optimal

et oL KUY bt sy B S 1R D4 T hsiraions may
K I
o B, GO s BB BLALLL U5 e RALRLAL e o
of the sid@hll MfRcek AMiEiire 209MaBAS, rRaksif € Kdr@SiSetch Btop Rfer (not shown) to be formed over
above-specified range. Mreover, correspondi ng netal
the first gufi S0t trumsigio0ZON2200P . aMere@d bpmpprctpeatélp inagkihgiofie bitee G@kigors 200N,
el ectrodes 205 and the drain and source regions 218.
200P Whlrke gra?edﬁlwgh@mﬁlvr HRDRistPra gt qsnbpdﬁigd ﬁlrdmeb@slesndaﬁ@r layerhayi apa &g provided in
the i ornln%g%he devi ce he sane criteria apply as
© furst t&ngmr&g@f (o Tusthey enhancs droRp ‘ﬁm?né‘? SthedishtrangistpnfQ0N. ansi st or

100, wherein the correspondi ng inplantation
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cycl es, however, are perforned individually for each
of the transistors 200N and 200P. Thus, the transistor
WQOo@P/0s38Pri ses a drain and source regi on 218, p@hiustno6/041560

provi des a desired type of strain 220, which prevails

at an interface 221 between the gate insulation |ayer

205 lzaydlt: itiedprbseRfioinveRibd Aramids altebniate thiteenibies eanfimpoved Iskain-creating

bet ween the buried insulating | ayer 203A and the |ayer
mechanigiy &5«301 |dﬁ“°§aﬁﬁdts%w<e deiees, dipthat & erpledded fta?ﬁ)e%se@fcoﬂﬁ@tordwaﬁ i formed on

£ be red ced .
e b R G R G P i PRk BB oo RBe AR e
matenalgl§ QMWFﬁBtElﬁﬂlétél Conwaﬁe(ﬁhy F@Bétrmg @enﬂcoqalfc{ofa fa?erll &m? b féh%ldlahjgc%nt to the

orientation conpared to the [ayer
entire adtiveRMicBAdEorAEHIN Bfxed Biane biaidd @RhaRe WCreﬂlﬁwyrlﬁﬁo{ﬁ%hhé dtded transfer
due to appropriately selected crystalline orientation
mechanigrh. Adgitiohallyghe 234 Mne shhrndteistich of thestraingl! strhiacngicstr Giyer 2BPBR substantially
be enhanced in performance by providing the strain
decouplegiggpms i cpFglReditstesiption ph thovetive seypacorducter Txsh tthereb nrowdmg additional
the .dr nd.source re 218, It s ould

cein s S eﬁ‘&?%@?ﬁ%f*meﬁen?we@&ﬁ e 50 gy oo
have to Be%rl‘é@d &% the!C Qe 1ﬁ tﬂt%n@ ?gl}uhllxeg nl?t S0 %Js{xc%{eg a ﬁ%ﬁons r}rgwl]pch very thin

mechani sns are prov i nsta
SOI trankiktérs, S @Rl orﬁﬁﬁlﬁl@rdeﬁ&édl&hi}bﬁc@s s &rfgﬂn@d‘ bm inkBErRaS ;. 8f thinterface
contact etch stop layer (not shown) to be formed over
betweentte@att inswddtiomiagkr selcirigterfapeirsicst the acR@GGBEion200R: buiied BENaElg layer, may
by appropriately masking one of the transistors 200N,
be used 2@@@%@5@%‘?’1@6@5@%@1@#@ mgy he pifigienalyisirajaedon tagrbasis of the embedded
edded. strai ned sem conductor |ayer may al so be
S“m“m‘Fgﬁ?ﬂgﬁlln the first transistor 200N to further
%H%@Hﬁglmtcpﬁﬂ?rggnts%sﬁ%g gaogef art 99 trat%v(a %x“il LL [ &0 %Ivesﬁilon rﬁaﬁ%e moc!hﬁed and

I'nven Vitdes™a
practiced RAaLifr@RA Bkt QFuidtnt BRMEY Gfbashd B s El@lﬁh' i) Ghe RN ﬁfg‘b%lﬂaﬁt of the
SO devices and SO -1ike devices, in that an e
teachings heréin. N@or s@iiple, ol Hotesy stdpaar foitts aﬁo@d’ med be ﬁerfohﬁedhﬂ&l difféi’ént order.
a recess that extends through the buried insulating
Furthenﬂoffy@ﬂ limigatjensaakpyinigrredep thhdetailm dbednstiuptipn or festea [hbtein @hown, other than as
erial a s a growh tenpl ate. Consequently, the

descrve 15 ey Sl ALRAGELE: gy 951 agrepie Wﬁ@aﬂwg@éﬁm may be

ﬂwmd(¥lmﬁbwdzméaﬁ ctlve sen1coHdu to ion f

Grited®in suI aa.{latlons ¢ cons erf er 616 )}E %Peoeﬂ s&mtt H)gnhe invention.
Accorduéfyrti?@ﬁotg&@:ps%ﬁ%ﬁ ndiBEb er;asfmh lmgmlm%@d& y, the

crystalline characteristics of the strained
sem conductor |ayer nmay b e substantially decoupl ed
fromthe crystalline characteristics of the active
sem conductor | ayer, thereby providing additiona
design flexibility in obtaining enhanced performance,
especially when transistors of different conductivity
types have to b e forned a s is the case in advanced
CMOS techniques. I n sophisticated applications, in
which very thin SO transistors, such a s fully or
partially depleted transistors, are to b e forned,
both interfaces, i.e., the interface between the gate
insulation layer and the interface between the active
region and the buried insulating |ayer, may b e used
as channel regions, wherein both channels may b e
efficiently strained on the basis of the enbedded
sem conductor material. The particul ar enbodi nents
di scl osed above are illustrative only, a s the
invention may b e nodified and practiced in different
but equi val ent manners apparent to those skilled in
the art having the benefit of the

I
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teachi ngs herein. For exanple, the process steps set
forth above may b e perforned in a different order.
woeoriosi3epre, n o limtations are intended to PEEUS2006/041560
details of construction or design herein shown, other
than a s described in the clains below It is
therefore evident that tHELAIMESt| cul ar enbodi nents
di scl osed above nay b e altered or nodified and al
WHATIZ CHAMER: 4t i ons are considered within the scope and

spirit, emlctorlpa%ctbrnd\é%&téo%n Accordingly, the protection
her a S S 1 orth in the clains

sought
k?éP‘ithGLNI R@) WMR’ fqnsed@emow@fst crystafiing ssmicowinderdayen(102, 202);

dﬁﬁh&ensm@taigwybr&lmms)afo&ié@&{ il érfdliine Sldondhis lE‘;@r (102, 202)
ne. sen on uct or

f OSG%EQ a’%sgaflme (s)en I%P uétar a}ﬁg {}%ﬂ%@?ﬁh éor}ngci/%nrsa b%ﬁ nfblgt)ng lay>e/r (103, 203);

and forned on said first crystalline sem conductor | ayer

(al 64 tradQedor (l(ﬁ) @@ﬁ Qﬁbﬂldﬁé WSt éafer@ec&%@] (g3N g(%'gtf&ﬂled MFE said second

crystalllfxiﬁgicoébcé%r 1aygrn(an§4 2(}45I Frgltal 5t gﬁél: ag BOIPQ:? l{%g;l I(lgg(%l Sa)yc%rrnpnsmg a strained
semicondypgir mdienay (H2f 212) taidjsttamedscaibndocter 104Gl (RIA5)12f exedig into said first
cwﬁthQQM§m§@&gk@ggg@qmgrystaII|ne sem conductor | ayer
04, 204) and a first drain and source region (118,
218) conprising a strained sem conductor materi al
(2112, TRd B9vice DatleimSt, ke dais Gt aodtdiing tsahicdimicer lagdr ({021202) differs
from sala l&nd%%&g%ﬂ%' cén@&c?or ?J?éd gl If@)m zﬁ ée\éﬁ %}.ﬁ&l olf axé/sqallme on?ntatii)n and material

sem con uctor ayer ViCce 0
composifion. yherei n said first crystalline seniconductor |ayer

(102, 202) dlffers fromsaid second crystall|ne

em c r (104 ..20 n.at | east o

?ar st g’Fl %ileﬁ/ ecg gfr cllaé n?a ; t(e{)ehn Sglﬁ atran}efl éemlcopductg n%%tgnapﬁb? 2123 is selected to
geﬂefatﬂq‘i’épféﬁé‘w gringp sad sgponl grystalline serhipondugtod lagerr(H14n20d) and said first crystalline
semiconSR ¥ LRAAVL boy) cdhepiSds kifidon (mtﬂ-a-zl 102 dZehtalich. Sel ected to

generate conpressive strain in said second crystalline

sem conductor |ayer (104, 204) and said first

ér yst dh¢ devise fedirirg drwheminerid steajred sqri@2quc@0@dterab(td, 258 $ selected to

generatestlerlsﬂé: Qﬁmwlnt shid 3secfmé— @xgﬁalﬁfe' LRlaldes- la}%r (I-Bt!] e20d? XAdCS%.ldoﬁrSt crystalline
said strained sem conductor nmateria

Semwon%“ff’zlaye?(.f% 2&@ CQUEFizes U Bk 4087 e Bnsi | e strain in
sai d second crystalline sem conductor |ayer (104, 204)
@n ds Q‘héjdet/fcg §ttcla% ¥ S\Ll@lelnl shig dﬁaﬁnrgng 8(%9:% % Rhs {l ’Ty 9{8% (1rje ga%Sed drain and
conprises silicon wth a <1 i en
“mme“¥ﬁ$ device of claim1, wherein said drain and source
regions (118, 218) are raised draln and source

%egl 0 'T'ﬁe de@ﬂ:e ;Iylﬁmq ?thr&er m :um(l: mag‘, a secohd {r 4 rlgtcr)]re(l.’).%)%z mg Ade an sg drain and

a second transi stor Vi n rst
source regigp (248 foreeq ia prid acgy crmqllrm elemlwn@aiodlarsee@@ﬁ 804 mjtlauidlending into said

first crysGRIAE RARCNIGHaybay®@ 200)104, 204) without extending into
sai d

7. The device of claim 6, wherein said first transistor (100, 200) is a P-channel transistor (200P)
and said first crystalline semiconductor layer (202) has a <110> orientation and said second transistor is an

N-channel transistor (200N) and said second crystalline semiconductor layer (204) has a <100> orientation.
8. The device of claim 6, wherein said first transistor (100, 200) is an N-channel transistor and

said first crystalline semiconductor layer has a <100> orientation and said second transistor is a P-channel

transistor and said second crystalline semiconductor layer has a <110> orientation.
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first crystalline sem conductor |ayer (102, 202). 7.
The device of claim6, wherein said first transistor
WO 2@0/0588D) is a P-channel transistor (200P) apdr/g8:0d6/041560
first crystalline sem conductor |ayer (202) has a
<110> orientation and said second transistor is an
N- c hansigilithiadettsbiigigor (200N) and sai d second
%mﬁgaé rLaeggeeus emfréaﬁ@léﬂ%qrfuét Qz)(@&ec(rg&‘a%hﬁﬁ) @aﬂs@)%smor (100, 200),

entatjo vice of claim6, wherein sa
said ﬁfsr ﬁﬁ“‘s‘tlmtf?da ﬁ L%S 195} Formeg Gbovopabsiale (N RE1Y FRERFEPS & ?rawgistglﬂlaer semicon-
ductor 1ayR0d(1822 @), faibmsdd iGulyiiig ddykri (08, ayfosen du eiddirstlcgytalinchasic@ductor layer

(102, 205}5119 s&%ﬁdecpﬁéﬁlhgﬁmﬂsgﬂlua%l lzg'e @6:40 E(gl) }' gﬂera%&l §41(9F\1ne&5 mgllatmg layer (103,

hannel transistor and said Ssecond crysta
203), Saglé?ﬁe%féH&l}& D grtendipg iyto said Sirsherystalipg éenbﬁop%lﬁtefdﬂxebﬂoz PGR); and
reptrdx Ly gr&tied a dtrhiféddgmicdn@tictr Rgtedal (182,253 i shill Iscesd 111), 211).
adjacent to a first gate electrode (105, 205) of a
first transistor (100, 200), said first gate el ectrode
(o5, Bemrthedeiaism Shkvker somibas foapias ¢ doin andepuice region (118, 218) in
said strdﬁ(éﬂfﬁ&ﬂuﬁi(l)d’él)goxand‘tdkr;ﬁls(_l 1282 l}lﬁﬁyﬁ{nblht.ﬂﬁg 8 ﬂ’dl Pl @;fézl?-délgtﬁ @Jzi% Jéu)ax}i&f semiconductor
. , a buried insulating |ayer :
mmamﬁ}@ﬁ%agon said first crystalline sem conductor |ayer
(102, 202) and a second crystalline sem conduct or

I ayer 1ud %%tho% 8f§klalﬁlorm?dm&moﬁaﬂlﬁlg%fuh%% al dbB4hk BlobRDf said implanted
. Sal rec
secies (G ek i G AL SR BBBIGE g g e eaed o o

mterfaCQ(129 22Brvfl 2 gpe tnaplatiah layergnd widhggeand s¢oieinfdrethr Siger] wdnddistean channel
region l&‘ﬁ&@a{t 'a@llntel(facg-glg4 2% %b said '%urfe@ llrgulgtﬁg ﬁ§<§ (1 1(03 ]21)3) agtil-élca)d seanQ} semiconductor
) ) e4net od claim9, further conprising formng a
a“”(%ﬁ§1ﬁ and source reglon (118, 218) in said strained

sem conductor mnateri al 112, 212) by inplanting a

dgpantyys &?ﬁéd%% clbl&%omﬁr?e‘r gon%h&ﬁﬂ ned sem conductor

mat eri al . e et hod of claim 10,
ffm%éﬁldwmm%m@ 2é§]°ﬁ§‘tki“ﬁgs of sarbypespit (1pt- 80 e of said

| Whple RpiatialB RARIIRSitl Sirafhed dem@odinétbrinfiteriGllBI2NAED) dorgises and
ag(r)oC al%%ggsa&?tgoﬁ Ilel%f; ?él) 1 Sa i Sg'lﬂ-lgedffl?ﬁlsgnd Cc O§Irl]lgtgllilal {1?9 IZP{],
irprRAYing £ FpespdpRion aﬁfelld SIéwﬂ seas (id3, %mrmﬁdwes&s Ol 1,28 eand
abdingiad didspeand:sheRaess. region |ocated at an interface
( 114, 214) of said buried insulating |layer (103, 203)
and said second sem conductor |ayer (104, 204). 12.
The nethod of claim9, further conprising: formng a
sidewal | spacer ( 113, 213) on sidewalls of said
recess (111, 211), wherein epitaxially grow ng said
strai ned sem conductor material ( 112, 212) conpri ses:
gromng a first portion ( 112A, 212A) of said strained
sem conductor material (112, 212); renoving an exposed
portion of said sidewall spacer (113, 213) in said
recess (111, 2 11); and continuing said epitaxia
growt h process.
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